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Director’s foreword
Sustainable regional development is a priority for the Australian, Western Australian, Northern
Territory and Queensland governments. In 2015 the Australian Government released the ‘Our
North, Our Future: White Paper on Developing Northern Australia’ and the Agricultural
Competitiveness White Paper, both of which highlighted the opportunity for northern Australia’s
land and water resources to enable regional development.
Sustainable regional development requires knowledge of the scale, nature, location and
distribution of the likely environmental, social and economic opportunities and risks of any
proposed development. Especially where resource use is contested, this knowledge informs the
consultation and planning that underpins the resource security required to unlock investment.
The Australian Government commissioned CSIRO to complete the Northern Australia Water
Resource Assessment (the Assessment). In collaboration with the governments of Western
Australia, Northern Territory and Queensland, they respectively identified three priority areas for
investigation: the Fitzroy, Darwin and Mitchell catchments.
In response, CSIRO accessed expertise from across Australia to provide data and insight to support
consideration of the use of land and water resources for development in each of these regions.
While the Assessment focuses mainly on the potential for agriculture and aquaculture, the
detailed information provided on land and water resources, their potential uses and the impacts
of those uses are relevant to a wider range of development and other interests.

Chris Chilcott
Project Director
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Shortened forms

ARI
Cdry

climate change scenario

Cmid

climate change scenario

Cwet

climate change scenario

HT

high extraction threshold (1800 ML/day)

LT

low extraction threshold (200 ML/day)

MDF

Mean Daily Flow

WH

water harvesting

P

Predictability

C

Constancy

M

Contingency
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Preface
The Northern Australia Water Resource Assessment (the Assessment) provides a comprehensive
and integrated evaluation of the feasibility, economic viability and sustainability of water and
agricultural development in three priority regions shown in Preface Figure 1:
• Fitzroy catchment in Western Australia
• Darwin catchments (Adelaide, Finniss, Mary and Wildman) in the Northern Territory
• Mitchell catchment in Queensland.
For each of the three regions, the Assessment:
• evaluates the soil and water resources
• identifies and evaluates water capture and storage options
• identifies and tests the commercial viability of irrigated agricultural and aquaculture
opportunities
• assesses potential environmental, social and economic impacts and risks of water resource and
irrigation development.

Preface Figure 1 Map of Australia showing three Assessment areas
Northern Australia defined as that part of Australia north of the Tropic of Capricorn. Murray–Darling Basin and major
irrigation areas and large dams (> 500 GL capacity) in Australia shown for context.
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While agricultural and aquacultural developments are the primary focus of the Assessment it also
considers opportunities for and intersections between other types of water-dependent
development. For example, the Assessment explores the nature, scale, location and impacts of
developments relating to industrial and urban development and aquaculture, in relevant locations.
The Assessment was designed to inform consideration of development, not to enable any
particular development to occur. As such, the Assessment informs – but does not seek to replace –
existing planning, regulatory or approval processes. Importantly, the Assessment did not assume a
given policy or regulatory environment. As policy and regulations can change, this enables the
results to be applied to the widest range of uses for the longest possible time frame.
It was not the intention – and nor was it possible – for the Assessment to generate new
information on all topics related to water and irrigation development in northern Australia. Topics
not directly examined in the Assessment (e.g. impacts of irrigation development on terrestrial
ecology) are discussed with reference to and in the context of the existing literature.
Assessment reporting structure
Development opportunities and their impacts are frequently highly interdependent and,
consequently, so is the research undertaken through this Assessment. While each report may be
read as a stand-alone document, the suite of reports most reliably informs discussion and decision
concerning regional development when read as a whole.
The Assessment has produced a series of cascading reports and information products:
• Technical reports; that present scientific work at a level of detail sufficient for technical and
scientific experts to reproduce the work. Each of the ten activities (outlined below) has one or
more corresponding technical reports.
• Catchment reports; that for each catchment synthesise key material from the technical reports,
providing well-informed (but not necessarily-scientifically trained) readers with the information
required to make decisions about the opportunities, costs and benefits associated with irrigated
agriculture and other development options.
• Summary reports; that for each catchment provide a summary and narrative for a general public
audience in plain English.
• Factsheets; that for each catchment provide key findings for a general public audience in the
shortest possible format.
The Assessment has also developed online information products to enable the reader to better
access information that is not readily available in a static form. All of these reports, information
tools and data products are available online at http://www.csiro.au/NAWRA. The website provides
readers with a communications suite including factsheets, multimedia content, FAQs, reports and
links to other related sites, particularly about other research in northern Australia.
Functionally, the Assessment adopted an activities-based approach (reflected in the content and
structure of the outputs and products), comprising ten activity groups; each contributes its part to
create a cohesive picture of regional development opportunities, costs and benefits. Preface
Figure 2 illustrates the high-level links between the ten activities and the general flow of
information in the Assessment.
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Preface Figure 2 Schematic diagram illustrating high-level linkages between the ten activities (blue boxes)
Activity boxes that contain multiple compartments indicate key sub-activities. This report is a technical report. The red
oval indicates the primary activity (or activities) that contributed to this report.

viii | Ecological assets in northern Australia: asset analysis

Executive summary
Land and water resource developments have the potential to modify rivers, floodplains, estuaries
and coastal waters, changing habitats and ecological processes that support native flora and
fauna. The Ecology activity of the Northern Australia Water Resource Assessment (the
Assessment) will assess the impacts of potential changes in flow on freshwater, estuarine and
marine ecosystems due to potential new infrastructure across three focus regions of northern
Australia: the Mitchell, Fitzroy and Darwin catchments.
The activity has three major themes:
1. identification and prioritisation of ecological assets
2. asset descriptions, including a conceptual model developed to characterise flow–ecology
relationships, the potential impacts of water resource development and other non-flow
drivers of change
3. analysis of potential impacts using quantitative and qualitative methods.
This report addresses theme 3, describing the method and results for the impact assessment. An
overview of the quantitative ecology assessment methods is given below.
Hydrometrics: The hydrometrics assessment was the first tier of the ecology assessment
method. Flow metrics were identified for each of the ecological assets (informed by the Asset
Description). Knowledge of the relationship between flow change and assets (Pollino et al.,
2018) was used to construct a narrative of change.
Preference curves: For a sub-set of assets, a preference curve approach was used. This
captures how components of flow meet the habitat or ecological needs of the asset. A set of
preference curves were developed based on a synthesis of the literature to represent the
range of flow habitat needs of each asset.
Connectivity: Connectivity analysis uses spatial inundation modelling and spatial mapping of
the asset to evaluate how flood events of various sizes change under different scenarios. A
range of flood events were modelled under different climate and water resource
development scenarios to evaluate how these change the connectivity of assets located
predominantly on the floodplain to the river network.
Statistical: Statistical models were developed for assets that had sufficient data. Regression
analysis was used to establish relationships between the asset and significant components of
the flow regime. These analyses were developed from multiyear monitoring and observation
data. The statistical relationship to modelled baseline flows was established based upon the
best fitting flow parameters and exploring different model structures. Scenario flow
hydrology was entered into the selected regression equation to determine the ecological
outcome.
The report concludes with an overview of findings, a summary of potential other threats to assets,
and a discussion of change in northern Australia, considering changes at a system scale.
Executive summary | ix
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1

Background

1.1

Activity overview

Land and water resource developments have the potential to modify rivers, floodplains, estuaries
and coastal waters, thereby changing habitats and ecological processes that support native flora
and fauna. Northern Australia has diverse and highly valued natural ecosystems that provide
commercial, recreational and cultural value, and maintain ecological functions and habitats for
plants and animals (Abel and Rolfe, 2009). The ecology of aquatic ecosystems is fundamentally
linked to the seasonality of the wet–dry tropical climate that regulates the flow regime
(i.e. variability of flow discharge), as well as the landscape it drains (Abel and Rolfe, 2009; Aquatic
Ecosystems Task Group, 2012; Warfe et al., 2011). The natural flow regime and connectivity
between aquatic ecosystems is critical for sustaining freshwater and marine biodiversity and
natural ecological processes. Many of northern Australia’s aquatic systems are in excellent
condition, with historical and current use of, and change in, surface water and groundwater
typically being localised.
The freshwater ecosystems in northern Australia have rich biodiversity, supporting at least 170
fish species, 150 waterbird species, 30 aquatic to semi-aquatic reptiles, over 60 amphibian species
and over 100 macroinvertebrate families (Van Dam et al., 2008). The estuaries of northern
Australia also support a rich biodiversity, and are critical in supporting productive fisheries, where
the greater freshwater inflow to estuaries increases fishery production (Aquatic Ecosystems Task
Group, 2012). Catchment flows also support high-value commercial and recreational marine
fisheries, such as the Northern Prawn Fishery, as well as fisheries for barramundi (Lates calcarifer),
mud crab (Scylla serrata and S. olivacea) and a suite of other species important to commercial,
recreational and Indigenous fisheries, which have high cultural significance. Several species of
conservation significance, such as dugongs, sea turtles and a variety of sharks and rays – as well as
habitats, such as mangrove forests and seagrass beds – are also dependent on coastal and
estuarine systems and the support of catchment flows and nutrient inputs.
The Ecology activity seeks to develop a knowledge base to help assess the potential impacts of
changes to flow regimes on freshwater, estuarine and marine ecosystems due to potential new
infrastructure across the three focus study areas of northern Australia.
The information in this report underpins the information and analysis in the Northern Australia
Water Resource Assessment (the Assessment) Catchment and Case Study reports.
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1.2

The assessment ecology activity

The Ecology activity has three major themes:
1. identification and prioritisation of ecological assets
2. asset descriptions, including a conceptual model developed to characterise flow–ecology
relationships, the potential impacts of water resource development and other non-flow
drivers of change
3. analysis of potential impacts using quantitative and qualitative methods.

1.2.1

IDENTIFICATION AND PRIORITISATION OF ASSETS

Using expert knowledge and species data, a review and prioritisation of assets was undertaken for
the Assessment area. Assets considered for the analysis have some level of water dependency,
such that they have some level of dependency on groundwater or surface water flows resulting in
either periodic or sustained inundation.
While some assets were specific within a study area, the majority of assets were present across
the three study areas. A diversity of assets were selected with a range of flow requirements to
represent potential changes in flow regimes.
For the purposes of the Assessment, assets are defined as:
• being listed threatened, vulnerable or endangered species or communities (Commonwealth,
state and territory listings)
• being formally recognised in international agreements (e.g. Ramsar Convention)
• providing vital habitat
• being near natural, rare or unique habitats
• supporting significant biodiversity
• having recreational, commercial or cultural value.
In selecting priority assets, CSIRO wanted to ensure they were:
• representative – to capture a range of flow requirements for biota and ecological processes
• distinctive – to enable a broad representation of water requirements
• describable – with sufficient peer-reviewed evidence available to describe relationships with
flow
• significant – ecologically, conservationally and recreationally.
A range of functional groups and species were identified, as were habitats and ecosystem
processes. Species were identified as being of recreational, commercial or conservation value.
Twenty-eight assets were selected, with 13 classed as freshwater and the remaining 15 classed as
marine. Distribution maps were generated for all assets, with the details of data sources and
limitation detailed in Appendix B (Pollino et al., 2018).
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1.2.2

ASSET DESCRIPTIONS

The asset descriptions comprise of a description of the asset, its distribution, and for species, its
habitat requirements. Conceptual models were developed to illustrate the interactions between
flow–ecology relationships for freshwater and marine assets and other potential drivers of change,
such as sedimentation, water-quality changes, invasive species and climate change. The models
were based on expert knowledge and literature, and represent a synthesis of existing knowledge.
The conceptual models supported analyses of flow change as a consequence of water harvesting
or placement of a dam. Asset descriptions are presented in Technical Report 1 (Pollino et al.,
2018).

1.2.3

ANALYSIS

Using a range of methods, analyses of change were undertaken using inputs from the inundation
and river system models. An analysis of assets was only conducted where there was sufficient
knowledge. The analysis method chosen for analysis was reflective of the knowledge and time
available. Analysis methods and outputs are presented in this technical report.

1.3

Context: Background to flow–ecology analysis

River flow regimes are regarded to be the primary drivers of riverine and floodplain wetland
ecosystems (Bunn and Arthington, 2002; Junk et al., 1989; Poff and Zimmerman, 2010). The flow
regime is a major determinant of both biotic and abiotic components of a river system.
Alteration of the natural flow regime can have serious consequences to the ecological
sustainability of rivers and their associated floodplain wetlands (Bunn and Arthington, 2002; Poff
and Zimmerman, 2010). Bunn and Arthington (2002) suggested four key principles that underpin
the consequences of changing flow regimes. These principles are described below and illustrated
in Figure 1-1.
Principle 1: states that flow is a major determinant of physical habitats in streams, and thus
influences the biotic composition within the stream. Modified flow regimes can influence a
species distribution and abundance at varying spatial scales because of an alteration of
physical habitats.
Principle 2: states that aquatic species have evolved life-history traits specific to the flow
regimes they are subjected to. The adaptations can be manifested in high fecundity rates in
boom-and-bust river systems, or specific cues by flows or water temperatures to initiate
spawning. Modified flow regimes can influence a species’ ability to complete its life cycle.
Principle 3: states that lateral and longitudinal connectivity is essential to the persistence of
many aquatic species. Water development often entails impoundment infrastructure (i.e.
dams, weirs), which can act as a barrier to movement within a stream or entirely divert flow
to river reaches. Barriers to movement can have detrimental impacts on the range and
distribution of species and can affect migratory species that require access to different
reaches throughout their life cycle.
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Principle 4: states that the invasion and success of exotic and introduced species in rivers is
facilitated by the alteration of flow regimes. Introduced species can alter water-quality
parameters, channel planforms and species assemblages.

Figure 1-1 The four key principles suggested by Bunn and Arthington (2002) that underpin the ecological
consequences of changing flow regimes

Water resource development often changes the frequency, magnitude and duration of floodplain
inundation and flow events (King et al., 2015; Poff and Zimmerman, 2010). Changes to the natural
flow regime are likely to be most apparent in the low and high-flow end of the hydrograph.
Low flows are frequently associated with baseflow contributions from groundwater or local
rainfall, which do not include flooding. Low flows can have cease-to-flow or no-flow days. In dry
periods, water can pond in waterholes, which provides critical habitat and refugia. Pulses of low
flows can refresh waterholes as well as maintain riffle habitats. Changes in flow from climate
change or water development can increase no-flow periods and reduce dry-season base flows
(King et al., 2015). These changes can alter connection periods in intermittent streams and
compromise the ability of species to persist in ephemeral habitats (King et al., 2015).
High flows typically reach bank height or cause overbank floods. They provide opportunities for
dispersal and migration, feeding and reproduction and maintenance of habitats through flushing
(Junk et al., 1989). High flows support riverine and wetland habitats, as well as estuarine habitats
connecting through to coastal zones. Changes in the natural flow regime can reduce the
magnitude and frequency of flooding (Poff and Zimmerman, 2010). These changes can affect the
migration, reproduction and dispersal of species and alter the quality of physical habitats.
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Several factors can change the natural flow regime. The key drivers of change include new and
existing water infrastructure, land use change and climate change, as described below.
New and existing water infrastructure: Water resource development often entails the
construction of dams and reservoirs as a widespread way to control and facilitate agriculture
irrigation, control of floods, generation of power and to provide reliable water sources (Poff
et al., 2007). Infrastructure can reduce the extent of reaches or divert water entirely.
Changing the flood extent of reaches can reduce both the lateral and longitudinal connectivity
of a river system and coincides with Principle 3 of Bunn and Arthington (2002). Infrastructure
also alters the natural flow regime of a system, which can disrupt cues for species to
reproduce and migrate, coinciding with Principle 2.
Land use change – runoff: A change in land use in areas surrounding a river system can affect
the natural flow regime. This can manifest in an increased demand and use of water
resources through irrigation, bores and pumping. Land use change can also alter water-quality
parameters or entail the clearing of land for agricultural development. Clearing native
vegetation can increase the rate of runoff and sedimentation into a river system, which can
affect aquatic species by both reducing the quality and quantity of available habitat.
Disturbance associated with land use change and physical infrastructure can also promote the
establishment of exotic species by disrupting environmental conditions (Olden et al., 2008;
Poff et al., 2007).
Climate change: Climate change will have several effects on both the natural flow regime and
freshwater biota. Climate change can affect aquatic systems by altering water temperatures
and streamflow patterns and increasing the frequency and intensity of storms (Poff et al.,
2010). The changes associated with climate change are also likely to affect the distribution
and timing of life cycle events of species and the productivity of aquatic systems (Parmesan,
2006).
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2

Asset analysis: methods

2.1

Overview of analysis

2.1.1

SELECTION OF ANALYSIS METHODS

The ecology assessment included three primary activities:
1. identification and prioritisation of assets
2. collation and synthesis of knowledge for key assets
3. analysis of potential impacts using qualitative and quantitative assessment methods.
Activities 1 and 2 are described in Pollino et al. (2018).
For the analysis of potential impacts on assets, an understanding of the distribution of assets
within the catchment was needed. The asset maps were used to inform where the assessment
methods were applied for each asset in combination with the location of water-development
scenarios. While this knowledge base of occurrence records is incomplete, it is indicative of the
spatial associations and distribution of the assets within and between catchments.
A knowledge base is also essential to underpin the analysis of asset impacts. To understand the
relationship between flow and asset ecology, peer-reviewed evidence, which includes journal
papers as well as grey literature, and expert knowledge were used. These relationships were
captured in conceptual models and narratives, along with non-flow drivers. This knowledge base
formed the foundation for selection of an analysis method that would best illustrate the flow–
ecology response relationship.
For the analysis of potential impacts, a two-tiered approach was applied:
• The first tier prioritised efforts within a consistent framework by evaluating the level of change
in aspects of the flow regime that are important to the assets at relevant locations.
• The second tier uses quantitative models for impact assessments using a range of different
methods that were selected to suit each ecological asset based upon the type of flow–ecology
relationship and the data and knowledge to support the model.
A suite of approaches, rather than a single approach, was used for the analysis of potential impact.
Where possible, generalisable solutions were selected to be applicable across a broad area. For
white banana prawns, commercial barramundi and waterholes, a specific, non-generalisable
modelling solution was used. These latter methods were chosen to represent the finer resolution
of data available, and the ability to draw on previous modelling efforts.
Hydrological methods are a generalisable solution used to derive flow metrics, which summarise a
time series of flow, characterising events or the flow regime. Common metrics used for assessing
flow alterations are characterised as flow magnitudes or minimums, frequency, duration, timing
and rate of change, and flow sequencing (Poff et al., 1997; Poff and Zimmerman, 2010). As
described, for each asset, a set of flow indictors were selected. These indicators can be used as
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surrogates of ecological response, or as inputs to ecological models. Using knowledge of each
asset, these flow indicators were defined, allowing a broad and coarse analysis of potential
impact.
Where knowledge was available and further effort was required, habitat models were used. These
approaches were also generalisable, being applied across catchments. Habitat models represent
the habitat conditions that can be used as a surrogate for the presence, abundance and
distributions of organisms (Southwood, 1977). Two types of habitat models were used: preference
curves and inundation analysis. Preference curves are used to relate a measurable habitat variable
to the suitability of that habitat for a species or group of species (Burgman et al., 2001). They are
constructed using expert opinion, informed by habitat use data (Bovee, 1982). A preference curve
is used to depict the relationship of a target organism’s response to a gradually changing habitat
variable. This can be expressed using a flow indicator, such as flood magnitude, and scaling the
environmental response as a curve from unsuitable to suitable, usually expressed as an index
ranging between 0 and 1. The inundation analysis of habitat approach relates the extent, timing
and duration of flow to an asset to assess the potential for change in the inundation pattern based
on relevant locations to the asset.
The analysis approach used for each asset is shown in Table 2-1. Further information is available in
the description of analysis methods.
Table 2-1 Analysis approach used for each asset, organised by asset group and type
GROUPING

TYPE

ASSET

ASSESSMENT APPROACHES

Freshwater

Habitats

Floodplain wetlands

Hydrometrics, Inundation

Waterholes – inchannel

Hydrometrics, Statistical

Riparian vegetation

Hydrometrics, Inundation

Monsoon rainforest

None

Migratory fish

Hydrometrics, Preference curves

Stable flow spawning fish

Hydrometrics, Preference curves

Turtles and long-necked turtles

Hydrometrics

Magpie geese

Hydrometrics, Inundation

Barramundi

Hydrometrics, Statistical, Preference curves

Sawfish

Hydrometrics, Preference curves

Whipray

None

River sharks

None

Mangroves

Hydrometrics

Seagrass

None

Salt flats

Hydrometrics

Coral

None

Mullet spp.

Hydrometrics

Mud crabs

None

Longbums

None

Saltwater crocodiles

Hydrometrics

Functional
groups

Species of
significance

Marine

Habitats

Species of
significance
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GROUPING

TYPE

Processes

2.1.2

ASSET

ASSESSMENT APPROACHES

Snubfin dolphin

Hydrometrics

Threadfin

Hydrometrics

Grunter

Hydrometrics

Banana prawns

Hydrometrics, Statistical

Productivity

None

Fluvial geomorphology

None

LOCATIONS FOR ANALYSIS OF IMPACTS TO ECOLOGICAL ASSETS

Fitzroy catchment
Nodes from the hydrological model for in the Fitzroy catchment are shown in Figure 2-1. Flow was
assessed at 8020070, 8020030, 8020060, 8020550, 8020554 and 8022030 from the coast (end-ofsystem) to inland. Note that 8020070 was used as the surrogate end-of-system hydrological model
nodes given calibration concerns with 8020080 (Hughes et al., 2018a).
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Figure 2-1 Map of the Fitzroy catchment showing the location of potential water-development sites and river
system model nodes used for the ecological analysis

Darwin catchments
A sub-set of nodes from the hydrological model for the Darwin catchments was selected for the
ecological analysis (Figure 2-2). The selection of these were based on the development scenarios
used in the hydrological model report (see Hughes et al. (2018a) for more information) and the
location of assets, as mapped in the asset description technical report (Pollino et al., 2018).
The sites for which results are presented in this section are shown in Figure 2-2. In the Finniss
catchment, results are presented for the hydrological model node 81500001 (Figure 2-2). In the
Adelaide catchment, data are presented for hydrological model nodes 81700001, 81700200,
81700050 and 81700020 (Figure 2-2). In the Mary catchment data are presented for hydrological
model nodes 81800001, 81800351 and 81800354 from the coast (end-of-system) to inland
(Figure 2-2).
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Figure 2-2 Map of the Darwin catchments showing the location of potential water-development sites and river
system model nodes used for the ecological analysis

Mitchell catchment
Nodes from the hydrological model for the Mitchell catchment are shown in Figure 2-3. Flow was
assessed at 9190000, 9190090, 9190092, 9190111, 9190030 and 9193090 from the coast
(end-of-system) to inland.
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Figure 2-3 Map of the Mitchell catchment showing the location of potential water-development sites and river
system model nodes used for the ecological analysis

2.1.3

SCENARIOS FOR ASSESSMENT

The assessment considers four different scenarios, which are a combination of climate (historical,
future) and development (current, future). Not all scenarios are assessed for all assets. Variants
also are found within scenarios, as outlined below.
Below is an overview of the hydrology scenarios; these are described further in Hughes et al.
(2018a).
• Scenario A incorporates current climate and current development. It is treated as the baseline
against which assessments of change will be made.
• Scenario B is current climate and future development, including dams and water harvesting.
Water harvesting scenarios incorporate the pump rate (rate at which water can be extracted
from reaches in days); the system extraction volumes (a limit on the volume of water can be
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taken from the whole of catchment); and a minimum extraction threshold (river flow rate
required before pumping is allowed/possible).
– The development scenario in the Fitzroy catchment only considered water harvesting and
not potential dams. The water-harvesting development scenario considered whole-of-system
annual extraction volumes of 150, 600, 1200, 2400, and 3000 GL at both low and high
extraction thresholds (B-WH LT and B-WH HT).
– The Darwin catchments development scenario included both water-harvesting and dam
development. The water harvesting development scenario considered whole-of-system
annual extraction volumes of 50, 150, 350, 550, 750 and 950 GL at both low and high
extraction thresholds (B-WH LT and B-WH HT). The dam development considered five
potential dams, which were the Mount Bennett dam in the Finniss catchment; the Upper
Adelaide River dam and Adelaide River offstream water storage in the Adelaide catchment,
which are considered separately and together; and the dam on the Mary River in the Mary
catchment, as well as a potential dam on the McKinlay River in conjunction with a dam on
the Mary River.
– For the Mitchell catchment, the development scenario included both water-harvesting and
potential dam development. Different system extraction volumes were considered (with
annual limits of 300, 600, 1200, 2400, 3600, 4800 and 6000 GL/year) with system extraction
volumes exceeding 2400 GL/year unlikely. Water harvesting was considered for both low and
high extraction thresholds (B-WH LT and B-WH HT). Seven dams were considered, with each
dam scenario having an incremental addition of a dam in the catchment. The seven potential
dams considered were the Pinnacles dam on the Mitchell River, the Rookwood, Chillagoe
and Nullinga dams on the Walsh River, Palmer dam on the Palmer River, Lynd downstream
dam on the Lynd River and the Elizabeth Creek dam. The ordering of dams in the cumulative
analysis is from the most efficient to the least. Some dams were also assessed individually.
• Scenario C is future climate and current development. Scenarios represent climate futures that
are described as dry, mid and wet.
• Scenario D is future climate and future development, incorporating combinations. This scenario
was only assessed for the wetlands asset.
The categories of impact used in the scenario analysis were:
• no change – no changes are likely to be measurable (changes in flow are less than 10%)
• minor change – minor changes that are unlikely to be measurable (changes in flow are between
10 and 30%)
• moderate change – measurable changes but without major changes to ecosystem structure or
function (changes in flow are between 30 and 60%)
• major change – significant changes to ecosystem structure or function, no longer supporting
habitat or species (changes in flow are between 60 and 90%)
• extreme change – complete change of ecosystem structure and function (changes in flow are
above 90%).
Scenarios for analysis were selected to indicate the level of change expected under different
water-resource development options and give an indication of the bounds of sensitivity of the
asset being considered.
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2.2

Description of analysis methods

2.2.1

hydrometrics

The hydrometrics assessment is the first tier of the quantitative impact assessment. The goal was
to provide an indication of flow regime change resulting from the different water-harvesting and
dam scenarios, as well as change associated with possible future climate change. The hydrometrics
assessment provides a consistent quantitative analysis that can be used as a screening method to
identify which assets are likely to be affected by potential changes, given their flow needs,
distribution within the catchment and the type of flow changes resulting from development.
Hydrometrics have been broadly used in ecohydrology assessments and presented in
ecohydrology literature. They are used to calculate statistical properties of the long-term
hydrological regime, and include metrics for different parts of the flow regime including aspects of
magnitude, duration, timing, frequency and rate of change (Kennard et al., 2010). For each asset, a
sample of hydrometrics was selected that was considered important in supporting the ecology or
habitat of the asset.
Hydrological metrics are calculated for modelled flows for the period September 1890 to August
2015 for each of the different scenarios (Hughes et al., 2018a). The hydrometrics assessment
calculates the percentage change in each asset’s metrics for each scenario in comparison to the
Base value (Scenario A). This is calculated as (Scenario value – Base value)/Base value*100 (Richter
et al., 1996). The assessment reports the mean of the absolute values (i.e. no negative values) of
the selected metrics as a measure of change for the asset. Where the value is zero in the
base scenario, the instance of the metric has been excluded from mean calculations. The results
for each asset are shown as a heatmap, with colour intensity indicating the level of change for
each asset for the scenarios selected for assessment.
The hydrometric values should be considered as an indicator of the level of hydrological change
occurring within the key components of the hydrograph important for each asset. Considering
where change occurs across the different flow components facilitates an understanding of where
change is most significant in association with the different scenarios for each asset.
The hydrometrics assessment provides a consistent framework for evaluation of the assets across
the different scenarios. This assessment is not considered to provide a detailed assessment of the
level of change in the asset itself as an outcome of flow regime change, but rather the level of
change in the flow ecology and habitat that the asset requires. The hydrometrics assessment does
not consider non-linearity, threshold points or spatial variability in specific flow needs. The second
tier of analysis establishes potential outcomes for specific assets and provides a more detailed
assessment of flow needs and potential ecological outcomes.
The figures present a summary of information on aspects of change in volume and timing of
streamflow specific for each species at each selected site from Scenario A. The flow change
assessment is underpinned by the analysis of flow characteristics important for each asset where
historical observations show that they are found in proximity to the assessment node. The
intensity of the colour shows the simulated amount of change in flow.
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2.2.2

PREFERENCE CURVES

Based on the flow-screening assessment, a second-tier quantitative approach was undertaken for
fish species and functional groups, including sawfish, barramundi, migratory fish and stable flow
spawners. These species and groups were determined to be sensitive to flow changes from
potential water-resource development based on the hydrometrics assessment. In response to this,
a preference-curve approach was implemented to assess changes in condition score of fish over
time.
A preference curve captures how components of flow meet the habitat needs of fish species, with
zero being requirements not met, and one being all requirements met. A set of preference curves
was developed based on a synthesis of the literature. These represent a set of hypotheses on
three key flow components: inundation duration, migration and spawning timing, and flow
magnitude. For the migratory fish, these flow components relate to the processes of fish
migration. For stable flow spawners, these relate to feeding and breeding habitat. The preference
curves were incorporated into a model that generated an overall condition score of assets based
on observed flow data (Scenario A) and modelled flow data under different development
scenarios.
Scenarios A and B were used for the fish preference curve analysis. These scenarios were assessed
in river reaches where there were observations of an asset. Asset maps are available in Pollino et
al. (2018).
Using the preference curves, an annual score is derived, which represents the mean across the
three preference curves. The annual maximum scores are plotted across the modelled hydrology
time series (1890–2015) (Pollino et al., 2018). The annual maximum condition score of assets
averaged across the time series for each of the scenarios are found in Section 5.
The outputs are intended to provide an indication of the sensitivity of fish to changes in flow
habitats only. They are not representative of real changes.

2.2.3

INUNDATION ANALYSIS

Hydrodynamic modelling was used in the inundation analysis for wetlands, vegetation and magpie
geese. The hydrodynamic modelling was carried out in the floodplain area of the each of the study
areas (Fitzroy catchment included one model domain, the Darwin catchments contained two
domains and a single domain represented the Mitchell catchment). Hydrodynamic modelling
included Scenario A and the climate and development scenarios. The hydrodynamic modelling
output was a time series of inundation extents modelled for different flood events (Karim et al.,
2018).
For the wetlands analysis, the pattern of inundation was used to analyse the connectivity of
wetlands to the main river channel via flood runners and overbank flows, with both the timing and
duration of connection and disconnection events determined. For the vegetation and magpie
geese analysis, the time series of inundation extent was overlayed with spatial locations of
observations of the assets. This was used to determine the percentage of asset or asset habitat
inundated throughout each of the modelled flood events.
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2.2.4

STATISTICAL ANALYSIS

Statistical models were developed for three assets: waterholes, barramundi and banana prawns.
Each of these assets had multiple years of monitoring or observational data, which enabled a
statistical regression model to establish a relationship between quantitative annual observational
values for the asset and significant components of the flow regime over the observation period.
These models were developed from the relationship between modelled baseline flows
(Scenario A) by exploring a range of annual flow parameters and model structures to build a model
that best explained the variability in the observed ecology data as an outcome of flow.
Once the model structure and parameters were defined, the statistical model was provided with
annual parameters from modelled scenario flows to determine the outcome from the different
flow scenarios. Results represent the quantitative outcome for the asset based upon the input
flow scenarios over the assessment time period.
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3

Asset analysis and results: hydrometric
analysis

3.1

Hydrometric analysis

3.1.1

METHOD APPLICATION

The hydrometrics assessment was the first tier of the quantitative impact assessment used to
quantify the level of flow regime change resulting from the different water harvesting and dam
scenarios, as well as possible future climate-change scenarios. The hydrometrics assessment
identifies important flow metrics for each of the ecological assets and calculates the level of
change occurring in these metrics as an outcome of flow regime change. An overview of the
hydrometrics assessment method is provided in Section 2.2.1.
Selection of metrics
For each asset, metrics of importance were identified from a list of 130 hydrometrics. The metrics
selected for each asset are shown in Table 3-1. Metrics were primarily based on Kennard et al.
(2010) with additional metrics to better capture potential flow changes not adequately covered in
the primary list. Metrics were selected for each asset, representing whether that flow attribute
supports the ecological processes or the functions of the asset. The ecological processes and
functions included aspects such as:
• habitat dependencies (e.g. floodplain inundation to provide productivity and habitat, recharging
of groundwater)
• life-cycle processes (e.g. flow to trigger spawning)
• migration and movement pathways (e.g. high flows to enable migration into floodplain
wetlands)
• flow to support productivity (e.g. nutrient plumes into coastal areas).
The metric selection process considered the knowledge base and the conceptual model and
narrative of each ecological asset (see the Asset Descriptions Technical Report (Pollino et al.,
2018)).
Table 3-1 Hydrometrics selected as important for each of the assessed ecological assets
ARI = Average Recurrence Interval; MDF = Mean Daily Flow; P = C+M = Predictability composed of two independent,
additive components: Constancy and Contingency; M/P = Based upon components Monthly and Predictability.
ECOLOGICAL
ASSET

SELECTED HYDROMETRICS

Freshwater assets
Magpie geese

Mean Sep discharge; Mean Oct discharge; Mean Nov discharge; Mean Dec discharge; Mean Jan discharge;
Mean of the 10th percentile from the flow duration curve divided by mean daily flow across all years; Mean
of the 25th percentile from the flow duration curve divided by mean daily flow across all years; Mean
annual maximum flows divided by catchment area; Magnitude 1-year ARI; Magnitude 2-year ARI;
Magnitude 5-year ARI; Magnitude 10-year ARI; Magnitude 15-year ARI; Annual maxima of 30-day means of
daily discharge; Annual maxima of 90-day means of daily discharge; High-flow pulse duration (25th
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ECOLOGICAL
ASSET

SELECTED HYDROMETRICS

percentile); High-flow pulse duration (10th percentile); Julian date of annual maximum; Seasonality (M/P)
of maximum instantaneous flow (month); Predictability (P = C+M) of maximum instantaneous flow (month);
Rise rate – Mean rate of positive changes in flow from one day to the next; Fall rate – Mean rate of negative
changes in flow from one day to the next; Return period for an independent bankfull discharge; Mean
annual flood-flow pulse duration
Migratory fish

Mean daily flows; Median daily flow; Coefficient of variation in daily flows; Skewness in daily flows; Mean
Jan discharge; Mean Feb discharge; Mean Mar discharge; Mean Apr discharge; Mean May discharge; Mean
Jun discharge; Mean Jul discharge; Mean Aug discharge; Mean Sep discharge; Mean Oct discharge; Mean
Nov discharge; Mean Dec discharge; Mean annual maximum flows divided by catchment area; High-flow
volume 1 x MDF; High-flow volume 3 x MDF; High-flow volume 7 x MDF; Low-flood pulse count (<75th
percentile); Low-flow pulse duration (75th percentile); Low-flow pulse duration (90th percentile); Low-flow
pulse duration (99th percentile); Mean annual number of days having zero daily flow; Julian date of annual
maximum; Return period for a bankfull discharge; Mean annual flood-flow pulse duration; Mean annual
overbank flood pulse duration

Stable flow
spawners

Mean annual number of days having zero daily flow; Julian date of annual minimum; Seasonality (M/P) of
minimum instantaneous flow (month); Predictability (P = C+M) of minimum instantaneous flow (month);
Mean annual independent overbank flood pulse duration; Mean annual overbank flood pulse duration

Turtles

Mean daily flows; Median daily flow; Coefficient of variation in daily flows; Mean Jan discharge; Mean Feb
discharge; Mean Oct discharge; Mean Nov discharge; Mean Dec discharge; Mean of the 10th percentile
from the flow duration curve divided by mean daily flow across all years; Mean of the 25th percentile from
the flow duration curve divided by mean daily flow across all years; Mean annual maximum flows divided by
catchment area; Magnitude 1-year ARI; Magnitude 2-year ARI; Magnitude 5-year ARI; Variability in number
of zero-flow days; Annual maxima of 30-day means of daily discharge; Julian date of annual maximum;
Seasonality (M/P) of maximum instantaneous flow (month); Rise rate – Mean rate of positive changes in
flow from one day to the next; Fall rate – Mean rate of negative changes in flow from one day to the next;
Mean annual flood-flow pulse duration; Mean annual flood volume with respect to bankfull volume

Waterholes

Median of the lowest annual daily flow divided by the mean annual daily flow averaged across all years;
Mean annual minimum flows divided by catchment area; Magnitude 1-year ARI; Annual minima of 1-day
means of daily discharge; Annual minima of 3-day means of daily discharge; Annual minima of 7-day means
of daily discharge; Annual minima of 30-day means of daily discharge; Low-flow pulse duration (75th
percentile); Low-flow pulse duration (90th percentile); Low-flow pulse duration (99th percentile); Variability
in low-flow pulse duration (75th percentile); Mean annual number of days having zero daily flow; Julian
date of annual minimum; Seasonality (M/P) of minimum instantaneous flow (month); Predictability (P =
C+M) of minimum instantaneous flow (month)

Riparian
vegetation

Mean daily flows; Median daily flow; Magnitude 1-year ARI; Magnitude 2-year ARI; Magnitude 5-year ARI;
Magnitude 10-year ARI; Magnitude 15-year ARI; Magnitude 20-year ARI; High-flow pulse duration (25th
percentile); High-flow pulse duration (10th percentile); Return period for a bankfull discharge

Wetlands

Mean daily flows; Median daily flow; Magnitude 10-year ARI; Magnitude 15-year ARI; Magnitude 20-year
ARI; High-flood pulse count 3 x MDF; High-flood pulse count 7 x MDF; Annual maxima of 7-day means of
daily discharge; Annual maxima of 30-day means of daily discharge; Annual maxima of 90-day means of
daily discharge; High-flow pulse duration (25th percentile); High-flow pulse duration (10th percentile); Highflow pulse duration (1st percentile); Seasonality (M/P) of mean daily flow (month); Predictability (P = C+M)
of mean daily flow (month); Julian date of annual maximum; Seasonality (M/P) of maximum instantaneous
flow (month); Predictability (P = C+M) of maximum instantaneous flow (month); Fall rate – Mean rate of
negative changes in flow from one day to the next; Mean annual independent flood pulse duration; Mean
annual independent overbank flood pulse duration; Mean annual flood-flow pulse duration; Mean annual
overbank flood pulse duration; Mean annual flood volume with respect to bankfull volume

Barramundi

Mean daily flows; Median daily flow; Mean Jan discharge; Mean Feb discharge; Mean Mar discharge; Mean
Jul discharge; Mean Aug discharge; Mean Sep discharge; Mean Oct discharge; Mean Dec discharge; Mean
annual flow divided by catchment area; Median annual flow divided by catchment area; Low-flood pulse
count (<75th percentile); Low-flood pulse count (<90th percentile); Low-flood pulse count (<99th
percentile); High-flood pulse count 1 (25th percentile); High-flood pulse count 1 (10th percentile); Highflood pulse count 1 (1st percentile); High-flood pulse count 3 x MDF; High-flood pulse count 7 x MDF;
Annual minima of 30-day means of daily discharge; Annual minima of 90-day means of daily discharge; Lowflow pulse duration (75th percentile); Low-flow pulse duration (90th percentile); Low-flow pulse duration
(99th percentile); Mean annual number of days having zero daily flow; Annual maxima of 7-day means of
daily discharge; Annual maxima of 30-day means of daily discharge; Annual maxima of 90-day means of
daily discharge; High-flow pulse duration (25th percentile); High-flow pulse duration (10th percentile); Highflow pulse duration (1st percentile); Julian date of annual minimum; Julian date of annual maximum;
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ECOLOGICAL
ASSET

SELECTED HYDROMETRICS

Seasonality (M/P) of maximum instantaneous flow (month); Rise rate – Mean rate of positive changes in
flow from one day to the next; Fall rate – Mean rate of negative changes in flow from one day to the next;
Number of reversals – Number of negative and positive changes in water conditions from one day to the
next; Return period for a bankfull discharge; Mean annual independent overbank flood pulse duration;
Mean annual flood-flow pulse duration; Mean annual overbank flood pulse duration
Sawfish

Mean daily flows; Median daily flow; Coefficient of variation in daily flows; Skewness in daily flows; Mean
Jan discharge; Mean Feb discharge; Mean Mar discharge; Mean Apr discharge; Mean May discharge; Mean
Jun discharge; Mean Jul discharge; Mean Aug discharge; Mean Sep discharge; Mean Oct discharge; Mean
Nov discharge; Mean Dec discharge; Low-flood pulse count (<75th percentile); Low-flow pulse duration
(75th percentile); Low-flow pulse duration (90th percentile); Low-flow pulse duration (99th percentile);
Mean annual number of days having zero daily flow
Marine assets

Snubfin dolphin

Mean Jan discharge; Mean Feb discharge; Mean Mar discharge; Mean Apr discharge; Mean Sep discharge;
Mean Oct discharge; Mean Nov discharge; Mean Dec discharge; Ratio of base flow to total flow; averaged
across all years; Mean of the 90th percentile from the flow duration curve divided by mean daily flow across
all years; Mean of the 99th percentile from the flow duration curve divided by mean daily flow across all
years; Mean of the 1st percentile from the flow duration curve divided by mean daily flow across all years;
Mean of the 10th percentile from the flow duration curve divided by mean daily flow across all years;
Magnitude 10-year ARI; Magnitude 20-year ARI; Low-flood pulse count (<90th percentile); High-flood pulse
count 1 (10th percentile); High-flow pulse duration (10th percentile); High-flow pulse duration (1st
percentile); Seasonality (M/P) of mean daily flow (month); Mean annual flood-flow pulse duration; Mean
annual flood volume with respect to bankfull volume

Threadfin

Mean Jan discharge; Mean Feb discharge; Mean Mar discharge; Mean Apr discharge; Mean Sep discharge;
Mean Oct discharge; Mean Nov discharge; Mean Dec discharge; Ratio of base flow to total flow averaged
across all years; Mean of the 90th percentile from the flow duration curve divided by mean daily flow across
all years; Mean of the 99th percentile from the flow duration curve divided by mean daily flow across all
years; Mean of the 1st percentile from the flow duration curve divided by mean daily flow across all years;
Mean of the 10th percentile from the flow duration curve divided by mean daily flow across all years;
Magnitude 10-year ARI; Magnitude 20-year ARI; Low-flood pulse count (<90th percentile); High-flood pulse
count 1 (10th percentile); High-flow pulse duration (10th percentile); High-flow pulse duration (1st
percentile); Seasonality (M/P) of mean daily flow (month); Mean annual flood-flow pulse duration; Mean
annual overbank flood pulse duration; Mean annual flood volume with respect to bankfull volume

White banana
prawn

Mean Jan discharge; Mean Feb discharge; Mean Mar discharge; Mean Aug discharge; Mean Sep discharge;
Mean Oct discharge; Mean Nov discharge; Mean Dec discharge; Mean of the 90th percentile from the flow
duration curve divided by mean daily flow across all years; Mean of the 99th percentile from the flow
duration curve divided by mean daily flow across all years; Median of the highest annual daily flow divided
by the mean annual daily flow averaged across all years; Mean of the 1st percentile from the flow duration
curve divided by mean daily flow across all years; Mean of the 10th percentile from the flow duration curve
divided by mean daily flow across all years; Mean of the 25th percentile from the flow duration curve
divided by mean daily flow across all years; High-flow volume 3 x MDF; High-flow volume 7 x MDF;
Magnitude 1-year ARI; Magnitude 2-year ARI; Low-flood pulse count (<75th percentile); Low-flood pulse
count (<90th percentile); Low-flood pulse count (<99th percentile); High-flood pulse count 1 (25th
percentile); High-flood pulse count 1 (10th percentile); High-flood pulse count 1 (1st percentile); High-flood
pulse count 3 x MDF; High-flood pulse count 7 x MDF; Annual minima of 30-day means of daily discharge;
Annual minima of 90-day means of daily discharge; Low-flow pulse duration (75th percentile); Low-flow
pulse duration (90th percentile); Low-flow pulse duration (99th percentile); Mean annual number of days
having zero daily flow; Annual maxima of 1-day means of daily discharge; Annual maxima of 3-day means of
daily discharge; Annual maxima of 7-day means of daily discharge; Annual maxima of 30-day means of daily
discharge; Annual maxima of 90-day means of daily discharge; High-flow pulse duration (25th percentile);
High-flow pulse duration (10th percentile); High-flow pulse duration (1st percentile); Julian date of annual
minimum; Seasonality (M/P) of minimum instantaneous flow (month); Predictability (P = C+M) of minimum
instantaneous flow (month); Julian date of annual maximum; Seasonality (M/P) of maximum instantaneous
flow (month); Predictability (P = C+M) of maximum instantaneous flow (month); Return period for a
bankfull discharge; Mean annual independent overbank flood pulse duration; Mean annual flood-flow pulse
duration; Mean annual overbank flood pulse duration

Mullet

Mean Jan discharge; Mean Feb discharge; Mean Mar discharge; Mean Apr discharge; Mean Sep discharge;
Mean Oct discharge; Mean Nov discharge; Mean Dec discharge; Ratio of base flow to total flow averaged
across all years; Mean of the 90th percentile from the flow duration curve divided by mean daily flow across
all years; Mean of the 99th percentile from the flow duration curve divided by mean daily flow across all
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ECOLOGICAL
ASSET

SELECTED HYDROMETRICS

years; Mean of the 1st percentile from the flow duration curve divided by mean daily flow across all years;
Mean of the 10th percentile from the flow duration curve divided by mean daily flow across all years;
Magnitude 10-year ARI; Magnitude 20-year ARI; Low-flood pulse count (<90th percentile); High-flood pulse
count 1 (10th percentile); Low-flow pulse duration (90th percentile); Low-flow pulse duration (99th
percentile); High-flow pulse duration (10th percentile); High-flow pulse duration (1st percentile);
Seasonality (M/P) of mean daily flow (month); Mean annual flood-flow pulse duration; Mean annual
overbank flood pulse duration; Mean annual flood volume with respect to bankfull volume
Grunter

Mean Jan discharge; Mean Feb discharge; Mean Mar discharge; Mean Apr discharge; Mean Sep discharge;
Mean Oct discharge; Mean Nov discharge; Mean Dec discharge; Ratio of base flow to total flow averaged
across all years; Mean of the 90th percentile from the flow duration curve divided by mean daily flow across
all years; Mean of the 99th percentile from the flow duration curve divided by mean daily flow across all
years; Mean of the 1st percentile from the flow duration curve divided by mean daily flow across all years;
Mean of the 10th percentile from the flow duration curve divided by mean daily flow across all years;
Magnitude 10-year ARI; Magnitude 20-year ARI; Low-flood pulse count (<90th percentile); High-flood pulse
count 1 (10th percentile); High-flow pulse duration (10th percentile); High-flow pulse duration (1st
percentile); Seasonality (M/P) of mean daily flow (month); Mean annual flood-flow pulse duration; Mean
annual overbank flood pulse duration; Mean annual flood volume with respect to bankfull volume

Mud crabs

Mean Jan discharge; Mean Feb discharge; Mean Mar discharge; Mean Apr discharge; Mean Sep discharge;
Mean Oct discharge; Mean Nov discharge; Mean Dec discharge; Ratio of base flow to total flow averaged
across all years; Mean of the 90th percentile from the flow duration curve divided by mean daily flow across
all years; Mean of the 99th percentile from the flow duration curve divided by mean daily flow across all
years; Mean of the 1st percentile from the flow duration curve divided by mean daily flow across all years;
Mean of the 10th percentile from the flow duration curve divided by mean daily flow across all years;
Magnitude 10-year ARI; Magnitude 20-year ARI; Low-flood pulse count (<90th percentile); High-flood pulse
count 1 (10th percentile); Low-flow pulse duration (90th percentile); Low-flow pulse duration (99th
percentile); High-flow pulse duration (10th percentile); High-flow pulse duration (1st percentile);
Seasonality (M/P) of mean daily flow (month); Mean annual flood-flow pulse duration; Mean annual
overbank flood pulse duration; Mean annual flood volume with respect to bankfull volume

Crocodiles

Mean Jan discharge; Mean Feb discharge; Mean Mar discharge; Mean Nov discharge; Mean Dec discharge;
Mean annual flow divided by catchment area; Skewness in annual flows; Ratio of base flow to total flow
averaged across all years; Mean annual minimum flows divided by catchment area; Mean annual maximum
flows divided by catchment area; Annual minima of 90-day means of daily discharge; Low-flow pulse
duration (99th percentile)

Mangroves

Mean Jan discharge; Mean Feb discharge; Mean Mar discharge; Mean Apr discharge; Mean Sep discharge;
Mean Oct discharge; Mean Nov discharge; Mean Dec discharge; Ratio of base flow to total flow averaged
across all years; Mean of the 90th percentile from the flow duration curve divided by mean daily flow across
all years; Mean of the 99th percentile from the flow duration curve divided by mean daily flow across all
years; Mean of the 1st percentile from the flow duration curve divided by mean daily flow across all years;
Mean of the 10th percentile from the flow duration curve divided by mean daily flow across all years;
Magnitude 10-year ARI; Magnitude 20-year ARI; Low-flow pulse duration (90th percentile); Low-flow pulse
duration (99th percentile); High-flow pulse duration (10th percentile); High-flow pulse duration (1st
percentile); Seasonality (M/P) of mean daily flow (month); Mean annual flood-flow pulse duration; Mean
annual flood volume with respect to bankfull volume

Salt flats

Mean daily flows; Median daily flow; Coefficient of variation in daily flows; Annual maxima of 3-day means
of daily discharge; Annual maxima of 7-day means of daily discharge; Annual maxima of 30-day means of
daily discharge; High-flow pulse duration (25th percentile); High-flow pulse duration (10th percentile); Highflow pulse duration (1st percentile)

Assessment nodes for each ecological asset
Assets were assigned to assessment nodes based upon their recorded distribution within the
catchment (Pollino et al., 2018). Nodes were considered either upstream of the asset, downstream
of the asset, or both, depending upon the ecology of the asset and its mapped distribution.
Table 3-2, Table 3-3 and Table 3-4 shows the assessment nodes for the ecological assets in each of
the catchments.
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Table 3-2 Fitzroy catchment nodes that the ecology assets were assessed at based upon occurrence of the ecological
asset
1 = assessed; 0 = not assessed at that node.
8020070

8020030

8020060

8020550

8020554

8022030

Stable flow spawners

0

1

1

1

1

0

Magpie geese

1

0

1

1

0

0

Migratory fish

1

1

1

1

1

0

Turtles

0

0

0

1

0

0

Waterholes

1

1

1

1

1

1

Riparian vegetation

0

1

1

1

1

1

Wetlands

1

1

1

1

1

1

Snubfin dolphin

1

0

0

0

0

0

Barramundi

1

1

1

1

1

0

Threadfin

1

0

0

0

0

0

White banana prawn

1

0

0

0

0

0

Sawfish

1

1

1

1

0

1

Mullet

1

0

0

0

0

0

Grunter

1

0

0

0

0

0

Crocodiles

1

0

0

0

0

0

Salt flats

1

0

0

0

0

0

Table 3-3 Darwin catchments nodes that the ecology assets were assessed at based upon occurrence of the
ecological asset
1 = assessed; 0 = not assessed at that node.
81500001

81700001

81700200

81700050

81700020

81800001

81800351

81800354

Finniss

Adelaide

Adelaide

Adelaide

Adelaide

Mary

Mary

Mary

Stable flow spawners

0

0

1

1

1

0

1

1

Magpie geese

1

1

0

0

1

1

1

0

Migratory fish

0

0

1

1

1

0

1

1

Turtles

0

0

0

0

1

0

1

0

Waterholes

0

0

1

1

1

0

1

1

Riparian vegetation

0

0

1

1

1

0

1

1

Wetlands

0

0

1

0

1

0

1

1

Snubfin dolphin

1

1

0

0

0

1

0

0

Barramundi

1

1

1

1

1

1

1

1

Threadfin

1

1

0

0

0

1

0

0

White banana prawn

1

1

0

0

0

1

0

0

Sawfish

1

1

1

1

1

1

0

0

Mullet

1

1

0

0

0

1

0

0

Grunter

1

1

0

0

0

1

0

0
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81500001

81700001

81700200

81700050

81700020

81800001

81800351

81800354

Mud crabs

1

1

0

0

0

1

0

0

Crocodiles

1

1

0

0

0

1

0

0

Salt flats

1

1

0

0

0

1

0

0

Table 3-4 Mitchell catchment nodes that the ecology assets were assessed at based upon occurrence of the
ecological asset
1 = assessed; 0 = not assessed at that node.
9190000

9190090

9190092

9193090

9190111

9190030

9193092

9190060

Stable flow spawners

0

1

1

1

1

1

1

1

Migratory fish

0

1

1

1

1

1

1

1

Turtles

0

1

1

0

0

0

0

0

Waterholes

1

1

1

1

1

1

1

1

Riparian vegetation

0

1

1

1

1

1

1

1

Wetlands

1

1

1

0

0

0

0

1

Snubfin dolphin

1

0

0

0

0

0

0

0

Barramundi

1

1

1

1

1

1

1

1

Threadfin

1

0

0

0

0

0

0

0

White banana prawn

1

0

0

0

0

0

0

0

Sawfish

1

1

1

1

1

1

1

0

Mullet

1

0

0

0

0

0

0

0

Grunter

1

0

0

0

0

0

0

0

Crocodiles

1

0

0

0

0

0

0

0

Salt flats

1

0

0

0

0

0

0

0

Magnitude of change
Different scenarios result in different types and magnitudes of change in the flow regime. The type
and magnitude of change occurring influences the results for assets differently depending upon
the metrics selected. Considering where changes occur across the different flow components
facilitates an understanding of where change is most significant in association with the different
scenarios. Outcomes for magpie geese, turtles, waterholes, wetlands, riparian vegetation, white
banana prawns and mud crabs are shown in result tables, but have not been progressed to a full
interpretive description of impacts in this section. These assets, with the exception of turtles and
mud crabs, are assessed separately, using alternative methods described in Sections 4 and 5.
Migratory fish, stable flow spawners, barramundi and sawfish are subject to this analysis and
further analysis in section 5.
Categories of impact used in the scenario analyses are:
• no change – no changes are likely to be measurable (changes in flow are less than 10%)
• minor change – minor changes that are unlikely to be measurable (changes in flow are between
10 and 30%)
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• moderate change – measurable changes, but without major changes to ecosystem structure or
function (changes in flow are between 30 and 60%)
• major change – significant changes to ecosystem structure or function, no longer supporting
habitat or species (changes in flow are between 60 and 90%)
• extreme change – complete change of ecosystem structure and function (changes in flow are
above 90%).
Interpretation of hydrometric results
The hydrometrics analysis shows the level of change occurring in the components of the flow
regime important for each ecological asset. The metrics for each asset are reported as change
from the assessment scenario in comparison to Scenario A (baseline), with all values positive and
limited between 0 and 100. Values are summarised for each of the nodes as cells in a heatmap,
with the level of change for each asset under each scenario represented by the colour intensity of
the cell. As each plot represents a node in the catchment, only assets relevant at the node are
included in the plot.
In each heatmap, the assets are shown down rows, while the scenarios are shown across columns.
Scenarios include water harvesting, dams and climate change. Across the top of the plot is a bar
graph that summarises the total mean change occurring in assets for each of the scenarios.
In the water-harvesting scenarios, the management variables explored included the system
extraction volume (GL), a minimum extraction threshold (ML/day to allow or enable pumping) and
a pump rate (number of days to pump the extraction limit). Initial testing showed that outcomes
were largely insensitive to the pump rate, so increments of this component are not reported for
hydrometrics and is set to 20 days. A range of catchment-specific extraction volumes were
explored as increments for each of the low (200 ML/day) and high (1800 ML/day) minimum
extraction thresholds (Scenario B–WH LT and Scenario B–WH HT, respectively). The highest
extraction volumes are beyond those likely to be reasonable for the catchments.
The dam analysis includes an individual dam assessment (Scenario B–D–I) and a cumulative dam
assessment (Scenario B–D–C). For the individual dam assessment (B-D-I), dams were explored to
assess the contribution of each dam to ecological change across the assessment nodes. In the
Darwin catchments, the Adelaide River off-stream water storage (AROWS) was explored as part of
the individual dam analysis. In the Mitchell catchment, the Pinnacles, Rookwood, Palmer and
Elizabeth Creek dams were each explored individually.
The cumulative dam assessments (B-D-C) are based upon incremental addition of dams to the
river system, starting with the most efficient dam, followed by the next most efficient dam etc.
Each dam is additive to the previous, and flows are modified according to the combined changes
associated with the addition of each new dam given its location within the catchment and with
relevance to changed flows culminating from previously added dams.
The order in which dams are included results in changes associated with downstream flows from
the addition of the incremental dam onwards (i.e. changes in flow are cumulative). Each dam
provides an indication of the level of change resulting by the new addition in comparison to the
previous, as well as providing a system view of change associated with the cumulative impacts of
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multiple dams. Five dams are added to the Darwin catchments and seven dams to the Mitchell
catchment.
In the heatmap, the scenarios are grouped into panels, including the low extraction threshold
water-harvesting scenarios (B–WH–LT), the high extraction threshold water-harvesting scenarios
(B–WH–HT), the individual dam-assessment scenarios (B–D–I), the cumulative dam-assessment
scenarios (B–D–C) and climate-change scenarios (namely Cdry, Cmid and Cwet). Dam scenarios are
not part of the Fitzroy assessment and not all dams included in the cumulative assessment were
assessed in the individual dam assessment. In the cumulative dam assessment, only dams
upstream of the node location are shown in plots specific to each model node.

3.1.2

RESULTS FOR THE FITZROY CATCHMENT

Hydrometrics
To assess the potential for ecological change under different scenarios, flow was assessed at
selected sites, coinciding with nodes throughout the Fitzroy catchment. These nodes are
numbered 8020070, 8020030, 8020060, 8020550, 8020554 and 8022030 from the coast (end-ofsystem) to inland (Figure 3-1 to Figure 3-6). Note that 8020070 was used as the surrogate end-ofsystem node, which has a similar flow to 8020080 (Hughes et al., 2018a). Different scenarios are
considered in the analysis, with the level of change considered relative to Scenario A. In the
scenarios, flow changes were predicted as a consequence of development and changes in climate.
These changes occur across wet and dry-season flows, affecting aspects of flow timing, duration,
variability and volume.
The sites for which results are presented in this section are shown in Figure 2-1. Each figure in this
section (Figure 3-1 to Figure 3-6) is relevant to a specific modelled node. Asset assessment at
nodes was based upon the proximity of assets related to the node, so not all assets are
represented at each node. Scenarios for water harvesting (Scenario B–WH) are presented on the
x-axis, and assets are listed on the y-axis. Each number represents the percentage difference of
Scenario B to Scenario A, limited between 0 and 100%. The difference is an average of change
across flow components that are of importance to each asset. For example, a 22% change for an
asset such as barramundi represents an average change in flow components important to this
asset, comparing Scenario B to Scenario A. Changes between 10-30% are assessed as being a
minor change. Typically, larger change indicates a larger potential for change to assets. The
intensity of the colour indicates the scale of change.
The following sections review how changes could potentially affect the assets in the
Fitzroy catchment. Further information is provided in the companion Asset Description technical
report (Pollino et al., 2018).
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Figure 3-1 Assessment of change in flow metrics for assets at assessed location 8020070 in the Fitzroy catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the label correspond to the total extraction in the Fitzroy
catchment. Numbers in cells represent the level of flow change (between scenarios B and A) in the flow metrics for an
asset. The bar graph at the top shows the total mean change across assets. This node represents the end-of-system.
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Figure 3-2 Assessment of change in flow metrics for assets at assessed location 8020030 in the Fitzroy catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the label correspond to the total extraction in the Fitzroy
catchment. Numbers in cells represent the level of flow change (between scenarios B and A) in the flow metrics for an
asset. The bar graph at the top shows the total mean change across assets.
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Figure 3-3 Assessment of change in flow metrics for assets at assessed location 8020060 in the Fitzroy catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the label correspond to the total extraction in the Fitzroy
catchment. Numbers in cells represent the level of flow change (between scenarios B and A) in the flow metrics for an
asset. The bar graph at the top shows the total mean change across assets.
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Figure 3-4 Assessment of change in flow metrics for assets at assessed location 8020550 in the Fitzroy catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the label correspond to the total extraction in the Fitzroy
catchment. Numbers in cells represent the level of flow change (between scenarios B and A) in the flow metrics for an
asset. The bar graph at the top shows the total mean change across assets.
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Figure 3-5 Assessment of change in flow metrics for assets at assessed location 8020554 in the Fitzroy catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the label correspond to the total extraction in the Fitzroy
catchment. Numbers in cells represent the level of flow change (between scenarios B and A) in the flow metrics for an
asset. The bar graph at the top shows the total mean change across assets.
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Figure 3-6 Assessment of change in flow metrics for assets at assessed location 8022030 in the Fitzroy catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the label correspond to the total extraction in the Fitzroy
catchment. Numbers in cells represent the level of flow change (between scenarios B and A) in the flow metrics for an
asset. The bar graph at the top shows the total mean change across assets.

Change for freshwater assets in the Fitzroy catchment
Stable flow spawners

Stable flow spawners are a functional group of fish that spawn in the dry season, in association
with stable flows (low flow, base flow and cease-to-flow). The species in the group include the
freshwater longtom (Strongylura krefftii), mouth almighty (Glossamia aprion), bony herring
(Nematalosa erebi), barred grunter (Amniataba percoides), flyspecked
(Craterocephalus stercusmuscarum stercusmuscarum) and freckleheaded (C. lentiginosus)
hardyhead, and the eastern (Melanotaenia splendida splendida), chequered
(M. splendida inornata) and western (M. australis) rainbowfish.
Stable flow spawners were assessed at nodes 8020030 (Figure 3-2), 8020060 (Figure 3-3), 8020550
(Figure 3-4) and 8020554 (Figure 3-5). Scenario B–WH showed no to minor change to stable flow
spawners flow habitat.
Migratory fish

Freshwater migratory fishes are a fish group vulnerable to inchannel barriers and changes to
flows. Migratory fish are distributed throughout the Fitzroy catchment. While there are many
species in this group, barramundi (Lates calcarifer), bull shark (Carcharhinus leucas), black catfish
(Neosilurus ater), Hyrtl’s tandan (N. hyrtlii), sooty grunter (Hephaestus fugilinosus and H. jenkinsi),
freshwater longtom (S. krefftii) and spangled perch (Leiopotherapon unicolor) are used here for
analysis.
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Migratory fish were assessed at nodes 8020070, 8020030, 8020060, 8020550 and 8020554 (Figure
3-1 to Figure 3-5). Timing and volumes of flow are important triggers for movement of fish in the
wet season. In the late wet season and early dry season, flows underpin upstream migrations of
diadromous species, particularly large-bodied sawfish and bull sharks. In the dry season, migratory
fish use permanent waterholes as a refuge and juveniles make use of shallow runs as nursery
areas. Offchannel wetlands can be extremely productive nurseries for a sub-set of migratory
species, including the spangled perch and Hyrtl’s tandan.
Water harvest resulted in some changes in flow habitat for migratory fish. The low extraction
threshold (B-WH LT) for pumping resulted in greater change compared to the high extraction
threshold (B-WH HT). For Scenario B-WH LT, changes at node 8020070 (surrogate end-of-system)
were minor for extraction volumes between 600 GL and 1800 GL, increasing to moderate change
through to and including 3000 GL extraction. Under Scenario B-WH HT, changes were minor
between 600 GL and 3000 GL extraction.
At the node 8020030, changes were moderate under Scenario B-WH LT at the highest extraction
volume of 3000 GL. Generally, changes ranged from no change to minor for the remaining nodes
under both low and high extraction threshold scenarios.
While Scenario B-WH resulted in some change in flow at the end-of-system across months, the
greatest change in flows was in the dry to late dry season. This would affect the persistence of
migratory fish in permanent waterholes and limit the movement of aquatic biota (King et al.,
2015). The timing of the changes in flow would also affect migrations, as major diadromous
migrations commence at the start of the wet season.
Barramundi

Barramundi are a sub-set of the migratory fish. The barramundi is a large fish that occurs
throughout northern Australia in rivers, lagoons, swamps and estuaries. It is arguably the most
important fish species to cultural, recreational and commercial fisheries in the study area.
Barramundi is found extensively throughout the Fitzroy catchment, and has the potential to be
affected by barriers to movement and changes in the flow regime. Spawning occurs in estuaries,
juveniles migrate up rivers and the first few years of a barramundi’s life are spent in freshwater
habitats. In the dry season, barramundi use permanent waterholes as a refuge.
Barramundi were assessed at nodes 8020070, 8020030, 8020060, 8020550 and 8020554 (Figure
3-1 to Figure 3-5). Timing and maximum peak height of flow are important triggers for movement
of fish in the wet season. In the dry season, barramundi use permanent waterholes as a refuge.
Water harvesting scenarios resulted in some changes in flow habitat for barramundi. The low
threshold (B-WH LT) for pumping resulted in greater change than the higher threshold (B-WH HT).
For Scenario B-WH LT, changes at node 8020070 (surrogate end-of-system) were minor for
extraction volumes between 600 GL and 1800 GL, increasing to moderate change up to and
including 3000 GL extraction. For Scenario B-WH HT, changes were minor for extraction volumes
between 600 GL and 3000 GL. Generally, it was observed that minor changes occurred between
600 GL and 3000 GL extraction volumes for the remaining nodes, except for node 8020030 which
had moderate change with 3000 GL extraction under the low extraction threshold.
Water harvesting scenarios at the 8020070 node (end-of-system) resulted in a reduction in dry to
late dry-season flows (September to December) and the duration of wet-season flows. In the dry
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season, adult barramundi in nearshore marine habitats spawn, and the juveniles emigrate to
estuaries and freshwater river reaches where they forage and grow for several years. Barramundi
spawned during the late dry season move upstream to inchannel waterhole habitats as juveniles.
Connectivity via river flows is required to access these habitats. Late dry-season flows are
important to reconnect the estuary to the river channel and allow juvenile barramundi to move to
riverine habitats. For inland juvenile barramundi, the loss of freshwater habitats may represent a
critical bottleneck for barramundi populations in the Fitzroy catchment. Decreases in the extent,
depth and productivity of waterholes would reduce the extent of dry-season habitat and food
abundance.
Sawfish

The Fitzroy catchment is an exceptionally high-value nursery for the threatened sawfish
(Pristis pristis) and has been a focal location for long-term research and monitoring of sawfish
movement and habitat use (Morgan et al., 2016; Whitty et al., 2017). Sawfish were assessed at
nodes 8020070, 8020030, 8020060, 8020550 and 8022030 (Figure 3-1, Figure 3-2, Figure 3-3,
Figure 3-4 and Figure 3-6).
The water-harvest scenario resulted in some changes in habitat for sawfish. The low extraction
threshold (B-WH LT) for pumping resulted in greater change than the high extraction threshold
(HT). Under Scenario B-WH LT, changes at the surrogate end-of-system node (8020070) were
minor for extraction volumes between 150 GL and 1200 GL, increasing to moderate for the
remaining volumes. For Scenario B-WH HT, changes were minor between extraction volumes of
600 GL and 2400 GL, increasing to moderate at 3000 GL. Generally, changes ranged from no
change to minor changes for the remaining nodes under both low and high extraction thresholds
with the exception of nodes 8020030, 8020060 which recorded moderate changes at 2400 GL and
3000 GL extraction respectively under the low extraction threshold.
Changes to flow have the potential to negatively affect sawfish, particularly when confined to
pools during the dry season. This would result in reduced access to foraging habitat in adjoining
shallow water glides and sandbars, and could reduce oxygenation of waterholes, particularly late
in the dry season (Morgan et al., 2016; Whitty et al., 2017). Flow changes also occur in the wet
season, including the late wet and early dry season, when neonates are migrating or attempting to
migrate upstream in the mid and upper catchment areas. This has the potential to decrease the
survivorship of young sawfish, with a reduction in upstream migration through shallow sections of
river and at the Camballin Barrage (especially from March through to May).
Change for marine assets in the Fitzroy catchment
Marine fish

Marine fish were assessed at the surrogate end-of-system node 8020070 (Figure 3-1). This node in
the Fitzroy catchment represents flows to estuarine habitats, which have high primary productivity
and dynamic food webs supporting abundant and diverse fish and crustacean species (Halliday et
al., 2012). Changes to mullet and grunter are detailed in this section. The estuary and freshwater
reaches of the Fitzroy catchment are critical habitats for juvenile and early-adult marine fish. The
annual monsoon season is a critical time period for many fish species, including estuarine-dwelling
species. The late dry to early wet season is a critical period for recruitment and survival, with river
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flows reducing salinity in the estuary, allowing for optimal growth and feeding of adults and
juveniles.
The grunter, mullet and threadfin each had similar sensitivities to flow changes (Figure 3-1). For
the low extraction threshold (B-WH LT) impacts to marine fish for extraction volumes up to and
including 1200 GL ranged between no change and minor change, increasing to moderate for the
remaining water extraction volumes. In the high extraction threshold (B-WH HT) changes were
moderate with extraction volumes of 2400 GL and 3000 GL for grunter and volumes of 3000 GL for
mullet.
Adult grunter spawn in the estuary. They prefer brackish habitats, which are sustained by late
dry-season flows. They reproduce in the late dry and wet season, when juvenile fish become
abundant in the estuary. Grunters are important predators in estuarine habitats, and structure fish
populations in estuaries as a result. Changes in late dry-season flows could potentially affect the
population of grunter in the estuary if changes occurred on an annual basis. At higher extraction
volumes, there are also changes to the duration of wet-season flows. Changes in wet-season flows
would restrict grunter breeding and feeding habitat.
Mullet use both estuarine and freshwater environments. Adult mullet spawn in estuaries and
juvenile mullet migrate into the river during the late dry-season flows. Juvenile mullet then forage
and grow in the catchment for between one and three years. Flows are needed to reconnect the
estuary and river channel for migration to occur (De Silva, 1980; Grant, 1975; Halliday, 2005;
Kailola, 1993). Given the reduction in late dry-season flows, it is possible that the timing of
connection between the estuary and river is delayed, reducing the opportunities for mullet to
migrate when flows are not at a high velocity. This could strand juveniles in the estuary in less
optimal habitats for growth. If the period of disconnection between the rivers is increased, this
could lead to hypersaline conditions and low productivity. Reduced wet-season flows within the
catchment would affect juvenile mullet growth and survival, as well as reduce cues for migration
into and out of the catchment. Reduced dry and wet-season flows would also affect the
persistence of waterholes and decrease habitat for juveniles, and limit connection to floodplain
habitats. Reduced wet-season flows at the estuary would reduce productivity.
Crocodiles

Crocodiles (Crocodylus porosus) were assessed at the surrogate end-of-system node (8020070)
(Figure 3-1). Flows are critical to support crocodile breeding and nesting, which spans the period
of the wet season. Inundated areas provide suitable habitat for crocodiles. If the size or number of
inundated areas decreases, it could limit opportunity for juveniles to access a greater range of
habitats. This could result in a lower food supply, which could limit the growth rate of juvenile
crocodiles.
Flows at end-of-system important to crocodiles were sensitive to change, with changes ranging
from minor to moderate with water harvest (Figure 3-1). Under the low extraction threshold (BWH LT), impacts were minor under the 150 to 1200 GL extraction volumes, increasing to moderate
through to 3000 GL extractions. Under the high extraction threshold (B-WH HT), impacts were
minor up to 2400 GL extraction, and moderate under the 3000 GL extraction volumes.
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Salt flats

Salt flats were assessed at the end-of-system node (8020070, Figure 3-1), where flood flows
expand over the habitats available. Overbank floods extend into the estuary, salt flats and other
coastal habitats, with habitats becoming inundated. These are colonised by a range of fish and
crustacean species. A spike in primary production occurs on the inundated salt flats, which
contributes to the overall dynamic production of estuaries during the monsoon season (Burford et
al., 2016).
Flows important to salt flats are sensitive to change with water harvesting, with changes ranging
from minor to moderate (Figure 3-1). Under the low extraction threshold (B-WH LT), the 150 to
1200 GL extraction volumes resulted in minor changes, increasing to moderate for the remaining
extraction volumes. Under the high extraction threshold (B-WH HT), changes were no change to
minor for all extraction volumes.
A loss in the area or condition of inundated salt flat habitats would affect the animal and plant
communities they sustain. The reduction in overbank inundation would also reduce the pulse of
nutrients generated from inundated salt flats, potentially reducing production in the estuarine and
coastal ecosystem.

3.1.3

RESULTS FOR THE DARWIN CATCHMENTS

Hydrometrics
To analyse the potential for ecological change arising from potential water resource development,
relative changes in streamflow under scenarios were assessed at eight locations in the Darwin
catchments. Data from selected sites coinciding with streamflow nodes are presented here.
The sites for which results are presented in this section are shown in Figure 2-2. In the Finniss
River catchment, results are presented for streamflow node 81500001 node (Figure 3-7). In the
Adelaide catchment, data are presented for nodes 81700001, 81700200, 81700050 and 81700020
(Figure 3-8, Figure 3-9, Figure 3-10 and Figure 3-11). In the Mary catchment, data are presented
for nodes 81800001, 81800351 and 81800354 from the coast (end-of-system) to inland
(Figure 3-12, Figure 3-13 and Figure 3-14).
The following sections review how changes could potentially affect the assets in the
Darwin catchments. Further information is provided in the companion Asset Description technical
report (Pollino et al., 2018).
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Figure 3-7 Assessment of change in flow metrics for assets at assessed location 81500001 in the Finniss catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Finniss catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets. This node represents the end-of-system.
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Figure 3-8 Assessment of change in flow metrics for assets at assessed location 81700001 in the Adelaide catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Adelaide catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets. This node represents the end-of-system.
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Figure 3-9 Assessment of change in flow metrics for assets at assessed location 81700200 in the Adelaide catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Adelaide catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets.
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Figure 3-10 Assessment of change in flow metrics for assets at assessed location 81700050 in the Adelaide
catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Adelaide catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets.
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Figure 3-11 Assessment of change in flow metrics for assets at assessed location 81700020 in the Adelaide
catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Adelaide catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets.
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Figure 3-12 Assessment of change in flow metrics for assets at assessed location 81800001 in the Mary catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Mary catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets. This node represents the end-of-system.
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Figure 3-13 Assessment of change in flow metrics for assets at assessed location 81800351 in the Mary catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Mary catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets.
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Figure 3-14 Assessment of change in flow metrics for assets at assessed location 81800354 in the Mary catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Mary catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets.

Change for freshwater assets in the Darwin catchments
Stable flow spawners

Stable flow spawners were assessed at five nodes in the Darwin catchments. In the Adelaide
catchment these were nodes 81700200 (Figure 3-9), 81700050 (Figure 3-10) and 81700020
(Figure 3-11) and nodes 81800351 (Figure 3-13) and 81800354 (Figure 3-14) in the Mary
catchment.
Water harvest (B-WH) resulted in no or only minor changes to the flow habitat of stable flow
spawners. Under Scenario B–D, the potential Upper Adelaide dam scenario resulted in minor
changes to habitat in the Adelaide catchment. The potential Mary River dam resulted in moderate
changes at node 81800354 and minor changes at node 81800351.
Migratory fish

Migratory fish were assessed at five nodes. Three nodes in the Adelaide catchment (nodes
81700200, 81700050 and 81700020; Figure 3-9, Figure 3-10 and Figure 3-11 respectively) and two
in the Mary catchment (nodes 81800351 and 81800354; Figure 3-13 and Figure 3-14). Water
harvesting with the low extraction threshold (B-WH LT) in the Adelaide catchment resulted in
minor changes for lower extraction volumes, but moderate changes under the higher (550 GL and
above) extraction volumes. Water harvesting changes are minor with the high extraction threshold
(B–WH HT). With the Upper Adelaide dam, changes are minor at node 81700200, and moderate at
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node 81700050. Changes are major at node 81700020 just downstream of the Upper Adelaide
dam. Major changes would have substantial impacts on the habitat for migratory fish.
In the Mary catchment, the changes in the flow regime under the low threshold water harvesting
scenario (B–WH LT) are minor, from 150 GL extraction onwards at node 81800351 and 350 GL
onwards at node 81800354. Under Scenario B–WH HT changes are minor, from 550 GL extraction
onwards at node 81800351 and 750 GL onwards at node 81800354. Under Scenario B–D, the
potential Mary River dam, changes are major at node 81800351 and extreme at node 81800354.
With extreme changes, existing habitat for migratory fish would become unsuitable.
Changes in flows result in reduced late dry-season flows (September to December). Late dryseason flows replenish waterhole habitats used by migratory fish during the dry season. The water
quality in waterholes gradually decreases over the dry season and late flows enable migratory fish
to persist until wet-season flows resume. Reduced late dry-season flows would compromise the
persistence of migratory fish in dry-season habitats. They can also limit the movement of
migratory fish into high primary-productivity estuarine habitats that support productive food webs
and high growth rates, as river connectivity is required to access these habitats (King et al., 2015).
Higher extraction volumes also caused a change in early, wet-season flows, which provide critical
spawning and movement cues to migratory fish. Reduced wet-season flows have the potential to
reduce flood flows, reducing wetting of salt flat habitats and coastal wetlands, which are
important areas of productivity and feeding. Reduced high flows would also restrict the migration
distance and window for migratory fish.
Dam scenarios also reduced monthly flows, and therefore the quality and quantity of available
habitat. This increases competition between and within species and reduces the carrying capacity
of a river system.
Barramundi

Barramundi (L. calcarifer) were assessed at eight nodes in the Darwin catchments. The Finniss
catchment had one node (node 81500001; Figure 3-7), four in the Adelaide catchment (nodes
81700001, 81700200, 81700050 and 81700020; Figure 3-8 to Figure 3-11) and three in the Mary
catchment (nodes 81800001, 81800351 and 81800354; Figure 3-12, Figure 3-13 and Figure 3-14).
Barramundi are a sub-set of the migratory fish, and a species of commercial and recreational
significance. Timing and maximum peak height of flow are important triggers for movement of fish
in the wet season. In the dry season, barramundi use permanent waterholes as a refuge.
In the Adelaide catchment, water harvest with the low extraction threshold (B-WH LT) resulted in
changes in flow from minor at the lowest extraction volumes to possible moderate changes at the
higher extraction volumes (750 GL and above). With higher extraction thresholds changes are
minor (B–WH–LT). With the addition of the Upper Adelaide dam, changes are minor most Adelaide
catchment nodes with the exception of node 81700020 where changes are major.
In the Mary catchment, the changes in the flow regime from water harvesting with a low
extraction threshold are minor, from 150 GL system allocation onwards at node 81800351 and
350 GL onwards at node 81800354. With the addition of the Mary River dam, changes are
moderate at node 81800351 and extreme at node 81800354. With extreme changes, it is likely the
existing flow habitat for barramundi would no longer be suitable.
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Water harvesting scenarios lead to reduced late dry-season flows (September to December), and
this is likely to have an impact on barramundi. During this period, adult barramundi in nearshore
marine habitats spawn and the juveniles emigrate to estuaries and freshwater river reaches,
where they forage and grow for several years. Juvenile barramundi exploit high primary
productivity in estuarine habitats that support productive food webs and high growth rates.
Barramundi spawned during the late dry season move upstream to inchannel perennial pool
habitats as juveniles. Connectivity via river flows is required to access these habitats. Late dryseason flows from early tropical storms reconnect the estuary to the river channel and allow
access to riverine habitats. For inland juvenile barramundi, the loss of freshwater habitats may
represent a critical bottleneck for barramundi populations in the catchment. A reduction in the
extent, depth and productivity of waterholes would decrease the habitat extent in the dry season
and food abundance.
The duration of high flows in the wet season is also reduced, which could decrease the size of
floods: the greater the volume, the greater the change, particularly in the wet-season flows. These
changes extend down to the estuary. Wet-season flows sustain overbank inundation, creating a
myriad of floodplain and salt flat habitats, and access to wetlands and billabongs that greatly
expand juvenile barramundi habitat. Survival and growth are enhanced in these habitats and adult
barramundi abundance also grows in subsequent years. Juvenile populations are sustained by the
pulse of nutrients generated from inundated salt flats. Inundated floodplain habitats also support
prey species, increasing juvenile growth. Moving from the estuary to the river, reduced wetseason flows reduce floodplain inundation, which is detrimental to the growth and survival of
barramundi inland. The abundance of estuarine barramundi is directly correlated with high flows,
with upstream adults returning to the estuary.
Flow changes as a consequence of the addition of dams are likely to have an impact on
barramundi, with changes throughout the year affecting habitat. This is more evident in nodes
close to modelled dams. In addition to changes of habitat, cues and productivity, dams are also a
physical barrier. This would reduce the movement of barramundi through the catchments.
Sawfish

Potential habitat of the freshwater sawfish (P. pristis) is distributed across the Darwin catchments.
The freshwater sawfish has a marine adult phase, while the juvenile phase lives in estuaries and
rivers, and both juveniles and adults intermittently occupy large pools and waterholes of large
rivers. Inchannel barriers along migration routes of the Darwin catchments pose a threat to the
species.
There are few observation records for sawfish in the Darwin catchments, with observations only in
the Adelaide catchment, reflecting a possible gap in data.
Sawfish were assessed at four nodes in the Adelaide catchment (nodes 81700001 (Figure 3-8),
81700200 (Figure 3-9), 81700050 (Figure 3-10) and 81700020 (Figure 3-11)). Water harvesting
resulted in changes in flow that range from minor to moderate under the lowest-volume waterharvesting scenarios. Under the low extraction threshold (B-WH LT), moderate changes are
possible at 550 GL and above for water-harvesting scenarios. Changes are minor under high
extraction thresholds (B-WH HT). At node 81700001 (Figure 3-8) with the addition of both the
Upper Adelaide dam and AROWS changes are minor for barramundi. With the potential Upper
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Adelaide dam, changes are minor at node 81700200. Changes were minor at node 81700050 and
major at node 81700020 with the Upper Adelaide dam. Major changes would have substantial
impacts on the habitat for sawfish.
Changes in flow as a consequence of water harvesting occurred in the late dry season (September
to December). This could result in inchannel waterholes reducing in extent and depth, thereby
reducing habitat diversity and prey abundance within the waterholes. Inchannel waterholes act as
refuge habitats that sustain sawfish during the dry season. Sawfish rely on the perennial nature
and diversity of the instream pool habitats to survive, shelter and forage. Waterholes that have
both deep water pools and shallow bank and glide habitats are preferred, as they support
sheltering and feeding. In the late dry season, the water quality in waterholes decline and is
replenished by late dry-season flows that are also critical for maintaining habitat and production in
estuaries.
The addition of the Upper Adelaide dam reduces flow across all months and at all nodes. At the
end of the Adelaide catchment, estuaries are used by adult sawfish as habitat. Sawfish reproduce
in the estuary in the late dry season and early wet season, and the newborn sawfish require access
to prey. It is also a critical time window for estuarine recruitment and survival for a multitude of
tropical fish and crustacean juveniles. Primary production is boosted during these months, with
salt flats and wetlands in the estuary becoming inundated. Pre-wet-season flows can be critical for
sustaining habitat values of both river-channel pools and estuaries.
Change for marine assets in the Darwin catchments
Marine fish

Marine fish were assessed at end-of-system nodes (81500001 in the Finniss catchment, Figure 3-7;
81700001 in the Adelaide catchment, Figure 3-8; and 81800001 in the Mary catchment,
Figure 3-12). This part of the Finniss, Adelaide and Mary catchments represent estuarine habitats,
which have high primary productivity and dynamic food webs, supporting abundant and diverse
fish and crustacean species (Halliday et al., 2012). The estuaries and freshwater reaches of the
Darwin catchments are critical habitats for juvenile and early-adult marine fish.
Under Scenario B–WH, changes to grunter and mullet ranged from no change to minor, with the
exception of the Finniss River (Figure 3-7). In the Finniss catchment, for the LT, moderate impacts
occurred above 350 GL for the grunter and above 550 GL for the mullet. Impacts were also
moderate for the potential Mt Bennett dam under Scenario B–D. Minor changes to both species
also occurred in the Mary catchment with the potential Mary River dam, increasing to moderate
for the McKinlay dam. In the Adelaide and Mary catchments, changes ranged from no change to
minor under Scenario B–WH, and ranged from no change to minor under Scenario B–D in the
Adelaide catchment.
Under water harvesting scenarios, changes are typically shown in the late dry-season flows. Under
dam scenarios, changes occur throughout the year, with changes in the late dry season being the
greatest.
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Snubfin dolphin

Snubfin dolphin were assessed at the end-of-system nodes (81500001 in the Finniss catchment
(Figure 3-7), 81700001 in the Adelaide catchment (Figure 3-8) and 81800001 in the Mary
catchment (Figure 3-12)).
There is limited information available on snubfin dolphins. It is an estuarine and embaymentdwelling species that occupies nearshore marine habitats almost exclusively. While they are found
in upper estuary freshwaters, they do not venture into riverine habitats. The dependence
of snubfin dolphin on river flows is via the dynamics of the annual monsoon driving a
complex food web. The use of habitats in the Darwin catchments by snubfin dolphin is therefore
dependent on the seasonally dynamic, annual monsoon.
Snubfin dolphins were more sensitive to change under the low extraction threshold versus the
high threshold, with change increasing at greater pump volumes (Figure 3-7). Most changes to the
snubfin are minor; however, in the Finniss catchment, change is moderate from extraction
volumes of 550 GL and above, under the lower extraction threshold only. Changes to snubfin in
the Finniss catchment are moderate with the potential Mount Bennett dam. Changes are minor in
the Adelaide catchment with the addition of the Upper Adelaide dam and AROWS offstream
storage. In the Mary catchment, changes are moderate under the addition of the McKinlay dam.
Changes occur during both dry and wet-season flows under both water-harvesting and new dam
scenarios. The cumulative impacts of habitat loss across seasons and over consecutive years is
likely to reduce habitat availability in the estuary for snubfin dolphin.
Crocodiles

Crocodiles were assessed at the end-of-system nodes (81500001 in the Finniss catchment
(Figure 3-7), 81700001 in the Adelaide catchment (Figure 3-8) and 81800001 in the Mary
catchment (Figure 3-12). Flows are critical to support breeding behaviour and nesting of
crocodiles, which span the wet season. Inundated areas provide suitable habitat for crocodiles. If
the size or number of inundated areas increases, it could provide an opportunity for juveniles to
access broader habitats. Access to a greater food supply could also boost the growth rate of
crocodiles, and enable them to outcompete predators. If inundated areas decrease in size or
number, it may limit the growth rate of juveniles.
In the Finniss catchment, the changes in crocodiles range from minor under the low extraction
threshold water harvest with extraction volumes from 50 to 350 GL to moderate changes being
possible under the 550 GL and above water harvesting scenarios (Figure 3-7). Under the high
extraction threshold water harvesting scenarios, minor changes occur from 350 GL and above.
Changes from water harvesting with a low extraction threshold in the Adelaide catchment (LT
150 GL and above; HT 550 GL and above) and the Mary catchment (LT 150 GL and above; HT
550 GL and above) are minor. Likewise, the dam scenarios result in moderate flow changes in the
Mary catchment, under the addition of the potential Mary River dam, with an incremental
increase associated with the addition of the McKinlay dam. Flow changes occur in wet-season
flows, which has the potential to reduce the survival rate of eggs and the number of nesting sites
available.
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Salt flats

Salt flats were assessed at the end-of-system nodes 81500001 in the Finniss catchment
(Figure 3-7), 81700001 in the Adelaide catchment (Figure 3-8) and 81800001 in the Mary
catchment (Figure 3-12).
In the Adelaide and Mary catchments, salt flats range from no change to minor changes under
water harvest scenarios. Under Scenario B–D, changes are minor for the potential dams in the
Mary catchment. Moderate changes occur to salt flats with the addition of the Mt Bennett dam in
the Finniss catchment. Changes predominantly affected the duration of high flows, which in turn
can affect the inundation extent of salt flats.

3.1.4

RESULTS FOR THE MITCHELL CATCHMENT

Hydrometrics
To assess potential for ecological change under different scenarios, flow was assessed at selected
sites, coinciding with nodes throughout the Mitchell catchment. These nodes are numbered
9190000, 9190090, 9190092, 9193090, 9190111 and 9190030 and from the coast (end-of-system)
to inland (Figure 3-15 to Figure 3-18). Different scenarios are considered in the analysis, with the
level of change considered relative to the Scenario A, representing current development and
climate. In the scenarios, flow changes were predicted as a consequence of water harvesting,
addition of dams and climate change. These changes occur across wet and dry-season flows,
affecting aspects of the timing, duration, variability and volume of flows.
The sites for which results are presented in this section are shown in Figure 2-3. Each figure below
summarises the amount of flow change at each node under the different scenarios. The flow
change assessment is underpinned by the analysis of flow characteristics important for each asset,
where historical observations show that they are found close to the assessment node. The
intensity of the colour shows the predicted amount of change in flow. The greatest changes occur
at nodes downstream of dams.
The following sections review how changes could potentially affect the assets in the Mitchell
catchment. Further information is provided in the companion Asset Description technical report
(Pollino et al., 2018).
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Figure 3-15 Assessment of change in flow metrics for assets at assessed location 9190000 in the Mitchell catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Mitchell catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets. This node represents the end-of-system.
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Figure 3-16 Assessment of change in flow metrics for assets at assessed location 9190090 in the Mitchell catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Mitchell catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets.
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Figure 3-17 Assessment of change in flow metrics for assets at assessed location 9190092 in the Mitchell catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Mitchell catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets.
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Figure 3-18 Assessment of change in flow metrics for assets at assessed location 9193090 in the Mitchell catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Mitchell catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets.
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Figure 3-19 Assessment of change in flow metrics for assets at assessed location 9190111 in the Mitchell catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Mitchell catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets.
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Figure 3-20 Assessment of change in flow metrics for assets at assessed location 9190030 in the Mitchell catchment
The intensity of the colour represents the variability of the scenario evaluated relative to Scenario A. Water harvesting
(WH) scenarios are designated by an ‘LT’ or ‘HT’, where LT and HT represent low (200 ML/day) and high
(1800 ML/day) extraction thresholds for water harvesting, respectively. Cdry, Cmid and Cwet represent three climatechange scenarios. The pump rate was 20 days. The values in the water harvest label correspond to the total extraction
in the Mitchell catchment. Upstream dams are labelled as cumulative (D–C) or individual (D–I). Numbers in cells
represent the level of flow change (between scenarios B and A) in the flow metrics for an asset. The bar graph at the
top shows the total mean change across assets.

Change for freshwater assets in the Mitchell catchment
Stable flow spawners

Stable flow spawners were assessed at nodes 9190090 (Figure 3-16), 9190092 (Figure 3-17),
9193090 (Figure 3-18), 9190111 (Figure 3-19) and 9190030 (Figure 3-20).
Water harvesting resulted in stable flow spawners having minor changes at node 9190090 at
extraction volumes of 2400 GL and above for the low and high extraction thresholds. At node
9193090, for the low extraction threshold, no changes in flow habitat occurred up to and including
2400 GL, and minor at volumes of 3600 GL and above. For the high extraction threshold, changes
ranged from no change to minor. Changes in flow of concern are the number of zero-flow days,
timing of minimum flows and duration of overbank flows. Scenarios with extractions above
volumes of 2400 GL are highly unlikely to occur. There was no change in flow habitat at nodes
9190092, 9190111 and 9190030.
Dam scenarios at nodes 9190090 showed no to minor change associated with the cumulative dam
scenarios for stable flow spawners up to and including all seven upstream cumulative dams. For
node 9190090 with the individual dam assessment, Pinnacles dam resulted in the largest changes
of the individually assessed dams, but still with no changes to flow habitat. Node 9190092 showed
minor changes for the flow habitat of stable flow spawners from the Lynd dam. Node 9190111
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showed only minor changes for stable flow spawners with the potential Pinnacles dam upstream.
At node 9193090 there were major changes for stable flow spawners with the potential Rookwood
dam on the Walsh River. The changes became extreme with the cumulative Chillagoe and
Elizabeth Creek dams, which would cause the habitat for stable flow spawners to no longer be
suitable. The cumulative dam scenario at node 9190030 showed moderate changes for stable flow
spawners with the Pinnacles dam.
Changes downstream of dams would negatively impact the habitat maintenance and persistence
of stable flow spawners, altering the connection and disconnection periods of offchannel and main
channel habitat. A reduced connection period could hinder the ability of stable flow spawners to
migrate to suitable, dry-season refugia. Stable flow spawners would remain in main channel
habitats where competition and predation effects would be greater. In contrast, an increased
connection period (permanency of water in a previously ephemeral reach) could facilitate the
dispersal of species that would normally not occupy offchannel habitats. This could alter fish
assemblage structures and increase competition and predation.
Migratory fish

Migratory fish were assessed at nodes 9190090 (Figure 3-16), 9190092 (Figure 3-17), 9193090
(Figure 3-18), 9190111 (Figure 3-19) and 9190030 (Figure 3-20).
Changes at node 9190090 for the LT were minor up to and including volumes of 1200 GL,
becoming moderate up to 3600 GL and major beyond 4800 GL. Changes were minor, becoming
moderate from and beyond 3600 for the HT. Changes ranged from no change to minor changes at
nodes 9190092, 9190111 and 9190030. Changes at node 9193090 were minor between 600 GL to
2400 GL for the LT and moderate in remaining extraction volumes. Changes ranged from no
change to moderate change for the HT. Changes occurred across the months, with decreases in
flow averages. Scenarios with extraction above 2400 GL are highly unlikely to occur.
Scenario B–D at node 9190090 showed minor changes for habitat of migratory fish with the
addition of the Pinnacles dam, increasing to moderate changes with the cumulative addition of the
potential Rookwood dam on the Walsh River and for the remaining dams. For individual assessed
dams, the potential Rookwood dam resulted in minor change, with the Rookwood, Palmer and
Elizabeth Creek dams resulting in no flow habitat change. At node 9190092, there were moderate
changes with for the potential dam on the Lynd River.
Scenario B–D at node 9190111 showed major changes with the potential Pinnacles dam. Node
9193090 showed major changes with the addition of the Rookwood dam on the Walsh River. At
this node, addition of Elizabeth Creek dam as an individual dam resulted in no flow habitat
changes. Major changes would have substantial impacts on the habitat for migratory fish. The
cumulative dam scenario at node 9190030 showed extreme changes for the potential Pinnacles
dam, which would result in the existing habitat for migratory fish no longer being suitable.
Changes in flow of concern are reduced flow height in the September to December period, with a
loss of dry and late dry-season flows. If dry seasons are of a longer duration, it would affect the
persistence of migratory fish in permanent waterholes. Reduced late dry-season flows may limit
the movement of migratory fish into high primary-productivity estuarine habitats that support
productive food webs and high growth rates, as river connectivity is required to access these
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habitats (King et al., 2015). The duration of high flows in the wet season is also reduced, which
could decrease the size of floods. Reduced duration of high flows would also restrict the migration
distance and window for migratory fish. In addition to changes in habitat, cues and productivity,
dams are also a physical barrier. This would reduce the movement of migratory fish through the
catchment.
Barramundi

In the Mitchell catchment, Barramundi were assessed at nodes 9190000 (Figure 3-15), 9190090
(Figure 3-16), 9190092 (Figure 3-17), 9193090 (Figure 3-18), 9190111 (Figure 3-19) and 9190030
(Figure 3-20). Barramundi are a sub-set of the migratory fish, and a species of commercial and
recreational significance. Timing and maximum peak height of flow are important triggers for
movement of fish in the wet season. In the dry season, barramundi use permanent waterholes as
a refuge. Water harvesting scenarios resulted in some changes in habitat for barramundi.
Water harvesting resulted in some changes to the habitat for barramundi. Changes at the
end-of-system node (9190000) ranged from no changes to minor changes for both the low (B-HW
LT) and high (B-HW HT) extraction threshold scenarios. Changes at node 9190090 were minor, up
to and including 1200 GL, becoming moderate up to 6000 GL for B-WH LT. Changes were
moderate beyond 4800 GL extraction volumes under the HT. Changes ranged from no change to
minor changes at nodes 9190092, 9190111 and 9190030. Changes at node 9193090 were minor
up to 3600 GL and moderate in remaining scenarios for the LT, with changes ranging from no
change to minor for the HT.
Under Scenario B–D, at the end-of-system node (9190000) changes were minor with the addition
of the Pinnacles dam up to the cumulative addition of the fourth dam (the Lynd dam). The
remaining potential dams caused a moderate change. The addition of the Pinnacles dam as an
individual dam caused minor changes.
Under Scenario B–D, at node 9190090 there were minor changes for the habitat of barramundi
with the addition of the potential Pinnacles dam, increasing to moderate with the addition of
Rookwood dam on the Walsh River and the remaining cumulative dams. At node 9190092, there
were moderate changes with the potential dam on the Lynd River.
Under Scenario B–D, at node 9190111 there were major changes with the addition of the
Pinnacles dam. Node 9193090 showed moderate changes with the addition of the Rookwood dam
on the Walsh River, increasing to major changes following the addition of both the Chillagoe and
the Elizabeth Creek dams. Major changes would have substantial impacts on the habitat for
barramundi. The dam scenario at node 9190030 showed extreme changes with the addition of the
Pinnacles dam, which would result in the flow habitat for barramundi no longer being suitable.
Water harvesting scenarios lead to reduced dry to late dry-season flows (September to December)
and the duration of wet-season flows. Dam scenarios (Scenario B–D) increase the duration of
low-flow periods. In the dry season, adult barramundi in nearshore marine habitats spawn and the
juveniles emigrate to estuaries and freshwater river reaches, where they forage and grow for
several years. Barramundi spawned during the late dry season move upstream to inchannel
waterhole habitats as juveniles. Connectivity via river flows is required to access these habitats.
Late dry-season flows are important to reconnect the estuary to the river channel and allow
juvenile barramundi to move to riverine habitats. For inland juvenile barramundi, the loss of
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freshwater habitats may represent a critical bottleneck for barramundi populations in the
catchment. Decreases in the extent, depth and productivity of waterholes would reduce the
extent of dry-season habitat and food abundance. In addition to changes in habitat, cues and
productivity, dams are also a physical barrier. This would reduce the movement of barramundi
through the catchment.
Reproduction, migration and growth of barramundi are strongly associated with the annual
monsoon season. Different life stages of barramundi migrate into different habitats within the
Mitchell catchment. They spawn in nearshore marine waters, often at the mouth of estuaries
during the late dry season and early wet season (spanning September to February). Timing is
strongly associated with the onset of monsoons. Estuaries and riverine habitats are critical for
juvenile and early-adult barramundi. Their populations are very dependent on dynamic estuaries
and freshwater environments transformed and created by monsoon-driven inputs. After several
years, barramundi migrate downstream back to estuaries as adults, again timed with monsoon
floods.
Sawfish

Sawfish (P. pristis) were assessed at nodes 9190000 (Figure 3-15), 9190090 (Figure 3-16), 9190092
(Figure 3-17), 9193090 (Figure 3-18), 9190111 (Figure 3-19) and 9190030 (Figure 3-20). Sawfish are
a sub-set of the migratory fish, and a species of conservation significance. Timing and maximum
peak height of flow are important triggers for movement of fish in the wet season. In the dry
season, sawfish use permanent waterholes as a refuge.
Water harvesting resulted in some changes in habitat for sawfish (B-WH). Changes at the end-ofsystem node (9190000) were minor up to and including 3600 GL, increasing to moderate up to
6000 GL for the low extraction threshold (B-WH LT). Changes ranged from no change to minor
change at the HT. Changes at nodes 9190090 were minor up to and including 600 GL, becoming
moderate up to 4800 GL and becoming major at 6000 GL for the LT. For the HT, there were minor
changes for 2400 and 3600 GL, ranging up to moderate changes for 4800 and 6000 GL. At
9110092, 9190111 and 9190030 changes ranged between no change and minor change for both
the LT and HT. Changes at node 9193090 were minor up to 3600 GL and moderate in remaining
scenarios for the LT and no change and minor for the HT. Scenarios with extraction above 2400 GL
are highly unlikely to occur.
Under Scenario B–D, the potential Pinnacles dam resulted in minor changes at nodes 9190000
(Figure 3-15 end-of-system) and 9190090 (Figure 3-16). These increased to moderate with the
Rookwood dam on the Walsh River. The addition of the Pinnacles dam as an individual dam
caused minor changes, with other dams having no change. Changes at node 9190092 were
moderate for the Lynd River dam.
Under Scenario B–D, at node 9190111, there were major changes from the addition of the
potential Pinnacles dam. At node 9193090, there were major changes from the addition of the
Rookwood dam on the Walsh River, increasing to extreme changes with the addition of both the
Chillagoe and the Elizabeth Creek dams. At node 9190030, there were extreme changes with the
addition of the Pinnacles dam. Major changes would have substantial impacts on the flow habitat
for sawfish. Extreme changes would result in the flow habitat for sawfish no longer being suitable.
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Water harvesting scenarios and dam scenarios lead to reduced dry to late dry-season flows
(September to December). Dam scenarios (Scenario B–D) increase the duration of low-flow
periods. In the dry season, juvenile sawfish use inchannel waterholes in the lower to mid-reaches.
Inchannel waterholes act as refuge habitats that sustain freshwater sawfish during the dry season.
Sawfish rely on the perennial nature and diversity of the instream pool habitats to survive, shelter
and forage. Waterholes that have both deep water pools and shallow bank and glide habitats are
preferred, as they support sheltering and feeding. In the dry season, inchannel waterholes
decrease in extent and depth, reducing habitat diversity and prey abundance within the
waterholes. In the late dry season, the water quality in waterholes declines. They are replenished
by late dry-season flows that are also critical for maintaining habitat and production in estuaries.
These late dry-season flows are at risk of change in the scenarios.
At the end of the Mitchell catchment, estuaries are used by adult sawfish as habitat. Sawfish
reproduce in the estuary in the late dry season and early wet season, and the newborn sawfish
require access to prey. It is also a critical time window for estuarine recruitment and survival for a
multitude of tropical fish and crustacean juveniles. Primary production is boosted during these
months, with salt flats and wetlands in the estuary becoming inundated. Pre-wet-season flows can
be critical for sustaining habitat values of both river-channel pools and estuaries. Sawfish move
more widely within the rivers and coastal systems once the wet season expands habitat extent.
Juveniles migrate upstream to freshwater channel-pool and billabong habitats, where they reside
until early adulthood (~4 to 5 years). Flow changes are possible at the end-of-system, particularly
under the cumulative flow scenarios.
Change for marine assets in the Mitchell catchment
Marine fish

Marine fish including mullet, grunter and threadfin were assessed at the end-of-system node
(9190000, Figure 3-15). This part of the Mitchell catchment represents estuarine habitats, which
have high primary productivity and dynamic food webs supporting abundant and diverse fish and
crustacean species (Halliday et al., 2012). The annual monsoon season is a critical time period for
many fish species, including estuarine-dwelling species. The late dry season to early wet season is
a critical period for recruitment and survival, with catchment flows reducing salinity in the estuary
allowing for optimal growth and feeding of adults and juveniles (Humphries et al., 1999). Below is
an overview of changes to grunter, mullet and threadfin.
For water harvesting, changes were greatest under the low extraction threshold scenarios (B-WH
LT). For extraction of up to and including the 3600 GL, impacts were minor for all marine fish. The
4800 and 6000 GL water harvesting scenarios showed moderate changes to grunter and threadfin.
Under Scenario B–D, the potential Pinnacles dam has a minor impact on marine fish. Impacts to
grunter and threadfin are moderate from the cumulative Pinnacles, Rookwood, Palmer and Lynd
dams and moderate for the mullet considering these previous dams and the potential Elizabeth
Creek dam. Of the individual dams, Pinnacles dam results in minor flow habitat change on end-ofsystem flows.
Adult grunter spawn in the estuary. They prefer brackish habitats, which are sustained by late
dry-season flows. Grunter reproduce in the late dry and wet season, when the estuary habitat
becomes abundant with juvenile fish. Grunters are important predators in estuary habitats, and
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they structure fish populations in estuaries as a result. Changes in the volume of wet-season flows
to the estuary would restrict grunter breeding and feeding habitat. Changes in late dry-season and
wet-season flows could potentially affect the population of grunter in the estuary if changes
occurred on an annual basis.
Mullet use both estuary and freshwater environments. Adult mullet spawn in estuaries and
juvenile mullet migrate to the river during the late dry-season flows; flows are needed to
reconnect the estuary and river channel for migration to occur (De Silva, 1980; Grant, 1975;
Halliday, 2005; Kailola, 1993). Given the reduction in late dry-season flows, it is possible that the
timing of connection is delayed, reducing the opportunities for mullet to migrate when flows are
not at a high velocity. This could strand juveniles in the estuary in less-optimal habitats for growth.
Adult threadfin spawn in the estuary (Halliday, 2005) with juveniles abundant in the estuary in the
late dry season (Halliday et al., 2012). Prey species for fish are also abundant in the late dry period,
with prey coming downstream from the river. With reduced-sized pools in the estuary in the late
dry season, predation of juvenile fish is higher. Reduced food availability and increased predation
could decrease the population size of juvenile fish, including the threadfin. These changes are
based on modelled flows and may not represent real change.
Snubfin dolphin

Snubfin dolphin were assessed at the end-of-system node (9190000, Figure 3-15). The snubfin
dolphin is an estuarine and embayment-dwelling species of conservation significance and, until
recently, was considered a different species from Irrawaddy dolphin (Palmer, 2011). Their
occupation of marine habitats is exclusively nearshore and while they are found in upper estuary
freshwaters, they do not venture into riverine habitats. The dependence of snubfin dolphin on
river flows and habitats in the Mitchell catchment is via the dynamics of the annual monsoon
driving a complex food web. There is very limited information available on snubfin dolphins.
It is likely that changes in flows under scenarios would have an impact on snubfin dolphin.
Changes to snubfin dolphin range from minor up to 3600 GL and moderate up to and including
6000 GL under Scenario B–WH LT. Under Scenario B–WH HT, impacts range from no change to
minor. Under Scenario B–D, impacts to snubfin dolphin from the Pinnacles dam are minor,
increasing as dams are added incrementally. Impacts are moderate considering the cumulative
changes from the addition of the Rookwood, Palmer and the Lynd dams. Of the individual dams
assessed, the Pinnacles dam results in minor change.
In the dry season, waterhole habitats in the estuary are likely to be affected, with the changes
being manifested in the late dry season (see waterholes Section 4.2). Late dry-season flows are
important for maintaining the quality of habitat in waterholes and for the recruitment, growth and
survival of key prey species for snubfin dolphin, which recruit in estuarine and riverine habitats
during September to December annually. The cumulative impacts of new developments over
consecutive years will likely result in habitat loss in the estuary for snubfin dolphin.
Crocodiles
Crocodiles were assessed at the end-of-system node (9190000, Figure 3-15). Flows are critical to
support breeding and nesting of crocodiles, activities that span the wet season. Inundated areas
provide suitable habitat for crocodiles. If the size or number of inundated areas decreases, it could
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limit the opportunity for juveniles to access a greater range of habitats. This could result in a
reduced food supply that could limit the growth rate of juvenile crocodiles.
Changes to crocodiles range from minor to moderate under Scenario B–WH LT, with changes
being moderate from extraction volumes equal or exceed 4800 GL. Impacts range from no change
to minor change under Scenario B–WH HT. Under Scenario B–D, impacts are minor with the
addition of the potential Pinnacles dam, increasing to moderate with the addition of both the
Rookwood and Palmer dams.
Change in flow characteristics in the wet season could potentially reduce the available nesting
sites available to crocodiles in the wet season. Over time, reduced breeding could decrease the
population size of crocodiles in the catchment.
Salt flats

Salt flats were assessed at the end-of-system node (9190000, Figure 3-15). At the end-of-system,
flood flows expand the available habitats. Overbank floods inundate salt flats and other coastal
habitats from the estuary. These are colonised by a range of fish and crustacean species. A spike in
primary productivity occurs on the inundated salt flats, which contributes to the overall dynamic
production in estuaries during the monsoon season (Burford et al., 2016).
Overall, changes in salt flats range from no change to minor impacts under Scenario B–WH.
Changes in flow associated with all the cumulative dam scenarios are minor (Scenario B–D–C).
End-of-system results in minor changes from the Pinnacles dam. Overall, changes in salt flats are
predicted to be minor.

3.1.5

CAVEATS AND LIMITATIONS

When considering the results of the hydrometrics assessment, the following caveats and
limitations should be considered. The assessment:
• does not weigh the importance of each of the selected hydrometrics. Depending upon the
nature of this, the influence of important metrics may be ‘diluted’ by the outcome of other
metrics
• does not consider the absolute value of change, but rather the proportional change in each
metric from a Scenario A. This may at times be particularly important if initial metrics have small
values in Scenario A, whereby the proportional change is then high compared with the absolute
change
• is associated with uncertainty in the relevance or level of importance of each metric for the
asset, and in how changes in the metrics themselves may result in direct changes or risk to the
asset
• does not consider thresholds, tipping points or non-linearity. This is a key advantage of the
second, more detailed tier of analysis
• does not quantify outcomes as change in the asset, but rather the level of change in its flow
habitat. This is another key advantage of the second, more detailed tier of analysis
• is generalised across locations and catchments. Similar changes in flow may not, however, result
in similar impacts or magnitude of impacts across different locations
58 | Ecological assets in northern Australia: asset analysis

• contains ecological assets that broadly have flow requirements covering different parts of the
flow regime, but do not represent all ecological components of the catchments.
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4

Asset analysis: Habitat analysis results

4.1

Habitat analysis: Floodplain wetlands

4.1.1

INTRODUCTION

The wetlands found across northern Australia are highly dynamic systems, with filling and
drawdown cycles driven by river-flooding patterns. Connectivity between rivers and floodplain
wetlands support the flux of materials, energy and biota (Junk et al., 1989; Tockner et al., 2000),
and strongly influence the mosaic of habitats and ecological diversity supported by healthy river–
floodplain ecosystems (Naiman et al., 2008; Ward et al., 1999). While the pulses of connectivity
are important for exchange between river channels and wetlands generally, the timing and the
frequency of connectivity is of particular importance to facilitate fish movement, reproduction and
recruitment.
In many catchments across northern Australia, the floodplain supports a diverse range of wetland
types, ranging from permanent to ephemeral. This results from a complex and varied connectivity
regime between the river and the wetlands. Within this heterogeneity of wetlands types are
habitats of sufficient persistence to support diverse ecological processes and communities. Periods
of short connectivity will benefit processes that occur in short time frames (e.g. release of carbon;
bacterial, zooplankton and algal production), whereas connectivity across longer time frames will
benefit processes that require longer time frames (e.g. fish movement). In many cases, multiple
connection events may be important to maximise ecological benefits within some wetlands. For
example, multiple reconnections may allow time for fish to move into a wetland and then, during
a later reconnection, move back out of the wetland. This variability in connectivity is important for
driving and maintaining ecosystem processes at larger scales.

4.1.2

CONCEPTUAL MODEL

Figure 4-1 illustrates a conceptual model for the ecological effect of changes to wetland-river
connectivity. In general, floodplain wetlands accumulate nutrients, with sediment and dissolved
organic carbon deposited during flood events (Brinson, 1993; Tockner et al., 1999). During periods
of inundation, nutrients and carbon are released from organic matter derived from vegetation
(Figure 4-1A) (Baldwin, 1999; Robertson et al., 1999).
The release of nutrients and carbon promotes an increase of algae (primary production), which
also drives secondary production (e.g. zooplankton) (Figure 4-1B) (Keckeis et al., 2003; Nielsen et
al., 2016; Tockner et al., 1999). In a connected system, as water returns to the river after transiting
the floodplain, a significant amount of carbon, nutrients, algae and secondary production may be
exported and made available for use in food webs in the receiving river (Balcombe et al., 2012;
Junk et al., 1989; Lehman et al., 2008; Tockner et al., 1999). These resources are then available to
support food webs within refuge pools as flows cease within rivers (Figure 4-1D) (Pettit et al.,
2017; Warfe et al., 2011).
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Prolonged inundation of wetlands promotes macrophyte growth (Pettit et al., 2011; Warfe et al.,
2011), which may provide important habitat for floodplain fauna, such as magpie geese
(Figure 4-1C). As river flows recede, the carbon, nutrients and primary and secondary production
are drained from wetlands. This movement of material from the wetland stimulates productivity
within the receiving river by providing abundant resources to fuel food webs (Figure 4-1D). During
this period, fish are stimulated to move back into the river channel.
If wetlands become permanently disconnected, these areas will become increasingly terrestrial.
Consequently, there will be reduction in habitat for biota, such as birds and fish, and importantly,
critical resources required to fuel food webs in the river channel will be lost or reduced. Such
changes are likely to limit the annual supply of resources returning from wetlands to the river that
may be required to sustain a healthy ecosystem (Figure 4-1E) (Nielsen et al., 2016).

Figure 4-1 Conceptual model for the ecological effect of changes to wetland connectivity

4.1.3

WETLAND CONNECTIVITY ANALYSIS METHODS

The wetland-river connectivity analysis evaluated outcomes for a combination of development,
and current and future climate scenarios under both large and small flood events (described in
Section 2.1.3 and in Hughes et al. (2018b)). Connectivity is considered to be the connection of
wetlands to the river, through inundation. The inputs to the analysis are from the Northern
Australia Water Resource Assessment Inundation modelling report (Karim et al., 2018).
Selection of wetlands and connectivity modelling
Wetlands for analysis were selected from those occurring within each of the hydrodynamic model
domains of each study area. Remote-sensing data was used to identify water retention in
depressions in the floodplain where it was retained for periods greater than either 50 or 100 days
(see Sims et al., 2016 for general principles). From these identified locations, wetlands were
selected to include a broadly representative sample that considered location within the floodplain,
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size, inundation persistence and spatial distribution along the catchment. The sample specifically
included those wetlands close to the river channel through to wetlands on the outer floodplain.
The connectivity analysis was based upon inundation modelling from a two-dimensional
hydrodynamic model of each study area (Karim et al., 2018). In each study area, the hydrodynamic
domain included a downstream portion of the catchment, which included the floodplain and
channel. The Darwin study area consisted of two domains due to its spatial extent and
characteristics.
Inundation modelling occurred at sub-daily time steps within each domain. Connectivity between
the river channel and the wetlands was considered to have occurred through flood runners or
overbank flows. Connection for each wetland was deemed to occur when there was a continuous
line of inundation between the wetland and the river channel at a specified depth (see Karim et al.
(2018) for more information). This threshold water depth was chosen to:
• ensure continuous water connection across minor topographic variations in the landscape
• account for the uncertainty in the inundation model
• be sufficient to enable the movement of fauna, such as large-bodied fish.
A time series of wet and dry pixels were identified for each wetland along floodplain pathways.
From the time series, a number of metrics related to connectivity were calculated (Table 4-1).
Connectivity was assessed using model runs of samples of different annual exceedance
probabilities (AEPs) of historical flood events. An AEP is defined as the likelihood of occurrence of
a flood of a given size or larger occurring in any one year. For example, an AEP of 1 in 2 years
represents a flood event that is likely to occur in 50% of years. More information is available in
(Karim et al., 2018).
Table 4-1 Connectivity metrics calculated for each wetland using data obtained from two-dimensional
hydrodynamic modelling
METRIC

DEFINITION

Number of connection events

The number of times a wetland was connected over a given time period

Total number of days connected

The total number of days a wetland was connected to the river (days)

Maximum duration of connection

The maximum number of days a wetland was connected (days)

Minimum duration of connection

The minimum number of days a wetland was connected (days)

Average duration of connection

The average number of days a wetland was connected (days)

Maximum duration of disconnection

The maximum number of days a wetland was not connected (days)

Minimum duration of disconnection

The minimum number of days a wetland was not connected (days)

Average duration of disconnection

The average number of days a wetland was not connected (days)

4.1.4

RESULTS

Mitchell catchment
The Mitchell catchment supports some of the most ecologically diverse aquatic systems in
Australia (Close et al., 2012), with a mixture of ephemeral, semi-permanent and permanent
wetlands (Australian Nature Conservation Agency, 1996). An analysis of the impact of potential
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development scenarios and climate change on the connectivity of 65 wetlands in the floodplain of
the Mitchell catchment to the river was undertaken (Table 4-2, Figure 4-2). During the relative
shallow inundation of an AEP 1 in 2 year flood and under Scenario A (Baseline), 65% of wetlands
on the floodplain of the Mitchell River did not have any connection to the river channel, and only a
few wetlands (6%) had extended periods of connection (greater than 21 days). The remaining
wetlands are intermittently connected for variable periods with an average duration of less than
21 days.
Under Scenario Cwet, more wetlands become connected intermittently compared with
Scenario A, and the number of wetlands with extended periods of connection remains similar.
Under Scenario Cdry, the proportion of wetlands with no connection increases, with a
corresponding decrease in wetlands with intermittent connectivity to the river. Importantly, those
wetlands that previously had extended periods of connection remain increasingly unconnected.
Under Scenario B, which incorporates the Pinnacles dam, 91% of the wetlands on the floodplain
have no connection to the river under current climate conditions, and only 2% of wetlands are
connected for more than 21 days. The impact of the dam is reduced under Scenario Cwet, and the
proportion of wetlands connected are similar to the proportion connected under Scenario A.
Under Scenario Cdry, the proportion of wetlands connected is similar to that seen under
Scenario B.
Table 4-2 Percentage of wetlands connected on the Mitchell River floodplain under a flood with an annual
exceedance probability (AEP) of 1 in 2 years
SCENARIO

WETLANDS WITH
NO CONNECTION

WETLANDS CONNECTED
<21 DAYS

WETLANDS CONNECTED
>21 DAYS

Scenario A

65

29

6

Scenario Cwet

42

51

8

Scenario Cdry

63

37

0

Scenario B

91

8

2

Scenario Dwet

63

31

6

Scenario Ddry

94

5

2

During the moderate inundation of an AEP 1 in 10 flood (Table 4-3, Figure 4-3), and under current
climate conditions (Scenario A), 69% of wetlands have either intermittent connectivity (less than
21 days) or extended periods of connectivity to the river (greater than 21 days). The remaining
wetlands (31%) have no connection to the river. A similar pattern of connectivity occurs under
Scenario Cwet. In contrast, under Scenario Cdry, 60% of wetlands had no connection and only 8%
of wetlands had periods of connectivity longer than 21 days (Table 4-3, Figure 4-3).
The incorporation of the Pinnacle dam (Scenario B–D) has a similar influence on wetland-river
connectivity as Scenario Cdry, with 68% of wetlands no longer being connected and only 8% of
wetlands having connectivity to the river longer than 21 days. Under Scenario Dwet, this pattern
remains the same (Table 4-3). In contrast, a drier climate (Scenario Ddry) increases the number of
wetlands no longer connected (86%), with substantial losses of those wetlands connected
intermittently (Table 4-3, Figure 4-3).
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Table 4-3 Percentage of wetlands connected on the Mitchell River floodplain under a flood with an annual
exceedance probability (AEP) of 1 in 10 years
SCENARIO

WETLANDS WITH NO
CONNECTION

WETLANDS CONNECTED
<21 DAYS

WETLANDS CONNECTED
>21 DAYS

Scenario A

31

46

23

Scenario Cwet

29

45

26

Scenario Cdry

63

29

8

Scenario B

68

25

8

Scenario Dwet

68

25

8

Scenario Ddry

86

6

8

For the AEP 1 in 26 years flood event (Table 4-4, Figure 4-4) under Scenario A, all wetlands are
connected, with most wetlands having intermittent connections less than 21 days Under
Scenario Cwet, this pattern remains the same. In contrast, under Scenario Cdry, the number of
intermittently connected wetlands decreases, with 31% of these wetlands no longer being
connected, and minimal impact on those wetlands with extended periods of connection
(Table 4-4, Figure 4-4).
The incorporation of the Pinnacle dam (Scenario B–D) also reduces the proportion of wetlands
with intermittent connections, with 43% no longer having any connectivity to the river. Under
Scenario Cwet, the influence of the dam is more similar to that of Scenario A, with 28% of
wetlands having no connection. In contrast, under Scenario Ddry (dry climate future with dam
development), the number of wetlands not connected increases to 57%. Importantly, the number
of wetlands with extended periods of connection remains relatively unchanged (Table 4-4,
Figure 4-4).
Table 4-4 Percentage of wetlands connected on the Mitchell River floodplain under a flood with an annual
exceedance probability (AEP) of 1 in 26 years
SCENARIO

WETLANDS WITH NO
CONNECTION

WETLANDS CONNECTED
<21 DAYS

WETLANDS CONNECTED
>21 DAYS

Scenario A

0

92

8

Scenario Cwet

0

92

8

Scenario Cdry

31

63

6

Scenario B

43

49

8

Scenario Dwet

28

65

8

Scenario Ddry

57

37

6

Water resource development will have an impact on the number of wetlands that become
connected to the main river channel under all flow regimes, with the impact of the Pinnacles dam
the greatest for smaller and more frequent flood years (e.g. AEP 1 in 2) and the least for high
flood years (AEP 1 in 26). Under dry climate scenarios, the impact of the Pinnacles dam on
wetland-river connectivity is increased. Reductions in wetland connectivity to the river will lead to
a reduction in wetland and associated habitat, which could have potential impacts on biodiversity.
The incorporation of the Pinnacles dam is likely to lead to a less variable inundation regime for
many wetlands as a consequence of a loss of connectivity to the river, particularly under drier
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climate scenarios. The size of the floodplain would be reduced, so that the only remaining
wetlands would be those closest to the river, with wetlands further from the river increasingly
becoming permanently disconnected and remaining dry (Walker and Thoms, 1993; Ward and
Stanford, 1995). Increasing dryness is likely to lead to a more terrestrial landscape, with a loss of
aquatic biota. Additionally, if the period a wetland remains dry exceeds 10 years, there will be a
substantial loss of resilience, with many biota adapted to periodic wetting and drying by surviving
as dormant propagules becoming lost (Nielsen et al., 2013).
The loss of connectivity between wetlands and rivers is known to have an impact on the
abundance and distribution of fish, plants and invertebrates (Galat et al., 1998). For many fish
species, individual growth and population condition is associated with flooding (King et al., 2009).
This is either by the provision of breeding cues, the accessibility of suitable habitat or through
flow-mediated changes in food availability. Periods of long connection will provide sufficient
opportunity for aquatic biota to disperse, but that opportunity may be more limited when
connection occurs intermittently for short time periods (Warfe et al., 2013).

Figure 4-2 Changes in the duration of wetland connection occurring on the Mitchell River floodplain with an annual
exceedance probability (AEP) of 1 in 2 years
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Figure 4-3 Changes in the duration of wetland connection occurring on the Mitchell River floodplain with an annual
exceedance probability (AEP) of 1 in 10 years
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Figure 4-4 Changes in the duration of wetland connection occurring on the Mitchell River floodplain with an annual
exceedance probability (AEP) of 1 in 26 years

Fitzroy catchment
The Fitzroy catchment a supports a large number of floodplain wetlands of distinct ecological and
environmental values (Kennard, 2011). The floodplain of the Fitzroy catchment consists of a
network of floodplain channels and wetlands, ranging from large, permanent wetlands, through to
more seasonal, ephemeral wetlands (Australian Nature Conservation Agency, 1996; Close et al.,
2012; Storey, 2006). Along the length of the river, many wetlands have been identified as being
greater than 6 ha in size, and numerous other smaller wetlands are present. The Camballin
floodplain complex, which includes the Le Lievre swamp system and a number of seasonal
wetlands, is a wetland complex of national significance that provides an important refuge for
breeding waterbirds and an important resting area for migratory waterbirds (Australian Nature
Conservation Agency, 1996).
An analysis of the impact of changing climate on the connectivity of 148 wetlands in the floodplain
of the Fitzroy catchment o the river network was undertaken (Table 4-5, Figure 4-5). Under
Scenario A (baseline) for floods that occur once every 2 years, 89% of wetlands had no connection
to the river. Of the remaining wetlands, 9% were intermittently connected for periods of less than
21 days and only 2% were connected for extended periods. Under Scenario Cdry, the loss of
wetland-river connectivity was further exacerbated with almost all wetlands having no
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connection. However, under a projected wetter climate, 20% of wetlands become connected,
which is an increase of 11% compared to Scenario A (Table 4-5, Figure 4-5).
Table 4-5 Percentage of wetlands connected on the Fitzroy River floodplain under a flood with an annual
exceedance probability (AEP) of 1 in 2 years
SCENARIO

WETLANDS WITH NO
CONNECTION

WETLANDS CONNECTED
<21 DAYS

WETLANDS CONNECTED
>21 DAYS

Scenario A

89

9

2

Scenario Cwet

78

20

2

Scenario Cdry

97

2

1

Under an AEP 1 in 5 years (Table 4-6, Figure 4-6) and AEP 1 in 16 years (Table 4-7, Figure 4-7), the
majority of wetlands are connected even under Scenario A. This pattern does not vary
substantially under either Scenario Cwet or Scenario Cdry.
Table 4-6 Percentage of wetlands connected on the Fitzroy River floodplain under a flood with an annual
exceedance probability (AEP) of 1 in 5 years
SCENARIO

WETLANDS WITH NO
CONNECTION

WETLANDS CONNECTED
<21 DAYS

WETLANDS CONNECTED
>21 DAYS

Scenario A

3

69

28

Scenario Cwet

3

66

31

Scenario Cdry

3

72

25

Table 4-7 Percentage of wetlands connected on the Fitzroy River floodplain under a flood with an annual
exceedance probability (AEP) of 1 in 16 years
SCENARIO

WETLANDS WITH NO
CONNECTION

WETLANDS CONNECTED
<21 DAYS

WETLANDS CONNECTED
>21 DAYS

Scenario A

5

70

26

Scenario Cwet

0

68

32

Scenario Cdry

5

70

25

The results indicate that changes in flows under either a wetter or drier climate will only increase
or decrease the proportion of wetlands connected under the low flood year events (e.g. AEP 1 in
2). In all likelihood, this is due to the low profile of the landscape, which allows larger floods to be
distributed across the floodplain network (Karim et al., 2011; Karim et al., 2016). Under a drier
climate scenario, there will be a reduction in the wetland and associated habitat variability in years
with smaller floods, which will reduce biodiversity associated with the floodplain.
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Figure 4-5 Changes in the duration of wetland connection occurring on the Fitzroy River floodplain with an annual
exceedance probability (AEP) of 1 in 2 years
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Figure 4-6 Changes in the duration of wetland connection occurring on the Fitzroy River floodplain with an annual
exceedance probability (AEP) of 1 in 5 years
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Figure 4-7 Changes in the duration of wetland connection occurring on the Fitzroy River floodplain with an annual
exceedance probability (AEP) of 1 in 16 years
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Darwin catchments
For the wetlands analysis of the Darwin study area, the Adelaide, Mary, and Wildman catchments
and the Finniss catchment are considered as two separate zones. The inputs to this analysis are
from inundation modelling within these two zones, as per the companion inundation report
(Karim et al., 2018).
The floodplains of the Adelaide, Mary and Wildman catchments form vast, interconnected and
continuous wetland systems (Environment Australia, 2001) that are seasonally inundated (Close et
al., 2012). These freshwater coastal floodplains form a mosaic of diverse wetland habitats,
including tidal flats, swamps, billabongs and mangroves, all of which are highly productive. Floods
extend over a large area, persist for an extended time and support a rich diversity of fauna and
flora. The floodplain complex is a major breeding ground for magpie geese and migratory
waterbirds (Close et al., 2012; Environment Australia, 2001).
The Finniss catchment supports a modified but relatively intact floodplain, with seasonal and nearpermanent wetlands with extensive paperbark swamps. The floodplain supports floating mat
vegetation, while the permanent billabongs in the north-east are a major breeding ground for
saltwater and freshwater crocodiles, and also provide important breeding habitat for magpie
geese and migratory waterbirds (Close et al., 2012; Environment Australia, 2001).
An analysis of the impact of scenarios of future development and climate change on the
connectivity of 100 wetlands in the Adelaide–Mary–Wildman catchments and 17 wetlands in the
Finniss catchment to the river network was undertaken.
Adelaide–Mary–Wildman catchments
In the Adelaide–Mary–Wildman catchments, the wet climate scenario resulted in little to no
change in connectivity of wetlands to the river under either a 1 in 3 year or 1 in 14 year AEP.
Losses of connectivity occurred under Scenario Cdry, with 18% of wetlands losing river
connectivity. Scenario B–D representing the Upper Adelaide dam did not change the connectivity
of wetlands to the river.
In Scenario A, for flood events that occur once every 3 years (AEP 1 in 3), 11% of wetlands remain
unconnected, 33% of wetlands have connections for less than 21 days and 56% had connections
for more than 21 days (Table 4-8, Figure 4-8). Under a drier climate scenario, more wetlands
remain unconnected than under current climate conditions. The incorporation of the Upper
Adelaide dam does not change wetland-river connectivity (Table 4-8, Figure 4-8).
Table 4-8 Percentage of wetlands connected on the Adelaide–Mary–Wildman floodplain with an annual exceedance
probability (AEP) of 1 in 3 years
SCENARIO

WETLANDS WITH NO
CONNECTION

WETLANDS CONNECTED
<21 DAYS

WETLANDS CONNECTED
>21 DAYS

Scenario A

11

33

56

Scenario Cwet

11

33

56

Scenario Cdry

18

29

53

Scenario B

11

33

56

Scenario Dwet

11

33

56

Scenario Ddry

18

29

53
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For flood events that occur once every 14 years (AEP 1 in 14; Table 4-9, Figure 4-9) under
Scenario A, all wetlands are connected, with the majority being connected for more than 21 days.
The potential Upper Adelaide dam results in a small increase in the percentage of wetlands being
inundated for more than 21 days, but these differences are minor. Under Scenario Cdry, 10% of
wetlands have no connectivity to the river. This pattern is consistent when assessed with the dam
scenario (Table 4-9, Figure 4-9).
Table 4-9 Percentage of wetlands connected on the Adelaide–Mary–Wildman floodplain with an annual exceedance
probability (AEP) of 1 in 14 years
SCENARIO

WETLANDS WITH NO
CONNECTION

WETLANDS CONNECTED
<21 DAYS

WETLANDS CONNECTED
>21 DAYS

Scenario A

0

24

76

Scenario Cwet

0

19

81

Scenario Cdry

10

14

76

Scenario B

0

18

82

Scenario Dwet

0

20

80

Scenario Ddry

11

13

76

Figure 4-8 Changes in the duration of wetland connection occurring on the Darwin rivers floodplain for Adelaide–
Mary–Wildman catchments: annual exceedance probability (AEP) of 1 in 3 (right box) and Finniss River floodplain:
AEP 1 in 2 (left box)
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Figure 4-9 Changes in the duration of wetland connection occurring on the Darwin rivers floodplain for Adelaide–
Mary–Wildman catchments: annual exceedance probability (AEP) of 1 in 14 (right box) and Finniss River floodplain:
AEP 1 in 10 (left box)

Finniss catchment

In the Finniss catchment, Scenario Cdry resulted in reduced connectivity between wetlands and
the river, particularly for those connected by high inundation flows (AEP 1 in 10). Scenario B and
Scenario Cdry resulted in reduced wetland-river connectivity. This loss of connectivity is likely to
result in diminished habitat quality and a corresponding reduction in recruitment and survival of
wetlands species, including the magpie goose. There was also a small increase in the proportion of
wetlands inundated for greater durations. The incorporation of the McKinlay dam and a dry
climate (Scenario Ddry) further exaggerated changes in wetland connectivity to the river. Changes
in connectivity of wetlands could lead to a loss of biodiversity (Barrett et al., 2010; Kingsford et al.,
1995) and change the breeding success of magpie geese (Whitehead and Saalfeld, 2000).
In Scenario A, during floods that occur once every 2 years (AEP 1 in 2), 24% of wetlands have no
connection to the river. Of the remaining wetlands, all are intermittently connected for periods of
less than 21 days, and no wetlands are connected for extended periods of more than 21 days
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(Table 4-10, Figure 4-8). Under Scenario Cwet, more wetlands become connected, but the changes
are limited to those not connected for more than 21 days.
Scenario B with the McKinlay dam results in wetlands having a small reduction in connectivity to
the river under both the current climate and a wetter climate scenario. The number of wetlands
that remain disconnected increases under Scenario Ddry with the McKinlay dam under a drier
climate scenario (Table 4-10).
Table 4-10 Percentage of wetlands connected on the Finniss River floodplain with an annual exceedance probability
(AEP) of 1 in 2
SCENARIO

WETLANDS WITH NO
CONNECTION

WETLANDS CONNECTED
<21 DAYS

WETLANDS CONNECTED
>21 DAYS

Scenario A

24

76

0

Scenario Cwet

18

82

0

Scenario Cdry

29

71

0

Scenario B

29

71

0

Scenario Dwet

29

71

0

Scenario Ddry

35

65

0

In Scenario A, for floods that occur once every ten years (AEP 1 in 10), all assessed wetlands are
connected (Table 4-11, Figure 4-9). This is also the case under Scenario Cwet. Under Scenario Cdry,
some of the wetlands that were connected for less than 21 days lose their connection, but the
proportion of wetlands connected for more than 21 days remains the same. Scenario B with the
McKinlay dam increases the proportion of wetlands with no connectivity to the river, but there are
small increases the proportion of wetlands connected for more than 21 days. Under
Scenario Dwet with both McKinlay dam and a wet climate scenario, there is a small reduction in
wetland-river connectivity; however, there are small increases in the number of wetlands
connected for more than 21 days. Under Scenario Ddry with the McKinlay dam in a dry climate
scenario there is a decrease in wetland connectivity, with no wetlands being connected to the
river for more than 21 days (Table 4-11).
Table 4-11 Percentage of wetlands connected on the Finniss River floodplain with an annual exceedance probability
(AEP) of 1 in 10
SCENARIO

WETLANDS WITH NO
CONNECTION

WETLANDS CONNECTED
<21 DAYS

WETLANDS CONNECTED
>21 DAYS

Scenario A

0

71

29

Scenario Cwet

0

71

29

Scenario Cdry

12

59

29

Scenario B

24

41

35

Scenario Dwet

6

59

35

Scenario Ddry

24

76

0

The analysis of the wetland-river connectivity data suggests that changes in climate (either wet or
dry) will not have a significant effect on the connectivity of wetlands in the Adelaide–Mary–
Wildman floodplain under either small (AEP 1 in 3) or large (AEP 1 in 14) flood events. Losses of
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connectivity occur under a dry future climate scenario, with 18% of wetlands losing connectivity to
the river. The Upper Adelaide dam does not change this. However, as with other regions in
northern Australia, the flat topography of the wetland systems allows even small floods to
inundate large areas and persist for an extended time (Close et al., 2012). Even though some
wetlands may be lost, the remaining wetlands should continue to provide breeding habitat for
species such as magpie geese.
In the Finniss floodplain, a drier climate reduces connectivity between the wetlands and the river,
particularly for those wetlands only connected to the river by large flood events (AEP 1 in 10). In
combination, the dam and climate scenario results in a loss of wetlands being connected for
periods of more than 21 days. For many species, such as magpie geese, this loss of connectivity
and flooding of wetlands is likely to result in diminished habitat quality and a corresponding
reduction in recruitment and survival (Warfe et al., 2011). A scenario of a dry climate combined
with the McKinlay dam, further exaggerates declines in water availability, potentially reducing the
success of magpie geese recruitment (Whitehead and Saalfeld, 2000).
An increased duration of wetland connectivity to the river on the Finniss floodplain has the
potential to increase the permanency of inundated wetlands, which could also lead to changes in
biodiversity. In general, wetlands that are permanently connected and inundated have lower plant
diversity than those that undergo periodic wetting and drying (Barrett et al., 2010; Kingsford et al.,
1995). Along with changes in plant biodiversity, there are also likely to be changes in invertebrates
(Boulton and Lloyd, 1991), and fish and bird communities (Kingsford et al., 1995).

4.1.5

DISCUSSION

The floodplains of northern Australia consist of a mosaic of wetland types, ranging from wetlands
that are inundated for months to those that are only inundated for days, depending on connection
type and position on the floodplain. The ecology of wetlands varies and includes differences
associated with connection times (Warfe et al., 2011). Potentially, wetlands with short connection
times will be important in the mobilisation of carbon, nutrients and primary productivity back into
the river channel, whereas wetlands with longer connection times may be important for processes
requiring sufficient time for biota to move between rivers and wetlands.
The mosaic of wetlands in northern Australia promotes productive aquatic ecosystems that
support high biotic biodiversity both within wetlands and in associated river channels. Loss of
connection between rivers and wetlands as a consequence of water resource development and
climate change will alter the ecology of these riverine–wetland systems, leading to a change in
productivity and biodiversity, and a subsequent loss of resilience (Kingsford, 2000). While water
resource development and climate change has the potential to reduce the connectivity of
wetlands to the river, it is likely that the greatest level of change will be associated with a
reduction of connectivity lower on the floodplain, as a consequence of changes to small yearly
flood peaks compared with large flood peaks.
Water resource development and climate change is also likely to reduce wetland variability, with
many wetlands becoming either permanently inundated as a consequence of conversion into
water storages and with increased connectivity to rivers, or conversely, more permanently dry as a
result of dams. Water resource development may reduce the effective size of the floodplain,
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leaving the only remaining ephemeral wetlands being those closer to rivers, with wetlands further
from rivers becoming permanently disconnected and remaining dry (Walker and Thoms, 1993;
Ward and Stanford, 1995). Increasing dryness is likely to lead to a transition to a more terrestrial
landscape, with loss of aquatic biota. If the period a wetland remains dry exceeds critical
thresholds (e.g. 10 years) there is a risk of substantial loss of resilience, including the loss of many
biota that are adapted to wetting and drying cycles by surviving as dormant propagules (Brock,
2011; Leck and Brock, 2000; Nielsen et al., 2013).
Alterations to the natural flow regime are likely to have consequences for both wetland and
riverine biota, as well as many ecosystem processes (Warfe et al., 2011). A major consequence of
both water resource development and climate change will be the reduction in small to medium
floods that reduce the connectivity between riverine and wetland habitats, making the landscape
less complex (Pettit et al., 2017; Warfe et al., 2011). The ecological consequences of lost
connectivity that minimises the capacity of resources and biota to move within these systems are
unknown, but are likely to be detrimental, leading to a change in ecosystem state and loss of
biodiversity (King et al., 2015; Pettit et al., 2017; Warfe et al., 2011).

4.1.6

CAVEATS AND LIMITATIONS

For most wetlands in northern Australia, there is limited to no information on commence-to-flow
metrics typically used to evaluate wetland-river connectivity. This connectivity analysis only
implies that wetlands were likely inundated and does not indicate the duration of inundation
(where water retention is distinct from the period of connection to the river). Given the length of
the model period (see Karim et al., 2018 for details) the number of connection events has been
determined at a very coarse level. Therefore, it is not possible to quantify the magnitude of
biogeochemical or biotic processes that occur within the wetlands, or determine if wetlands are
likely to reconnect prior to drying out. There is an assumption that these processes will occur
within each wetland, and that once a flood recedes, benefits will be conferred back to the main
river channel.
Other anthropogenic water use may also limit connectivity, such as direct pumping for irrigation,
or opportunistic water harvesting for different crops. These have not been assessed.
The value of individual wetlands in contributing to biodiversity, productivity or habitat has not
been quantified. Differences in environmental contributions from individual wetlands is likely to
occur, including the conservation status of the wetlands. Importantly it is recognised that a
diversity of wetland types is important for maintaining processes and biodiversity at catchment
scales. The wetland classifications used in this assessment summarise key metrics as broad
descriptors of wetland function, but do not cover the breadth of habitat functions associated with
wetlands.
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4.2

Habitat analysis: Instream waterholes

4.2.1

ANALYSIS METHODS

The inchannel waterholes analysis uses a statistical relationship between waterhole persistence
and flow during low-flow periods to infer likely changes in waterhole extent associated with
different flow scenarios. As the dry season progresses, the area of the stream network covered by
water typically decreases. Remote-sensing data was used to quantify the area of stream covered
in water at regular intervals throughout the dry season. The statistical model develops a
relationship between the inundated area of the stream and attributes of the seasonal low flows.
This statistical relationship can then be used to quantify changes in waterhole area using modelled
flow scenarios.
Waterhole analysis was undertaken for the Fitzroy and Mitchell regions for a range of scenarios,
including water harvesting (Scenario B–WH), dam development (Scenario B–D) and future climate
change (Cdry, Cmid and Cwet). Dam scenarios were not explored for the Fitzroy catchment.
Darwin was not included in the waterhole analysis, due to differences in waterhole properties;
catchment characteristics, including riparian vegetation cover; and tidal influence affecting
waterhole remote sensing identification and definition.
The assessment was undertaken at node 8020030 in the Fitzroy catchment and at nodes 9190111
and 9190000 in the Mitchell catchment. Assessment locations were based upon obtaining a
sufficient number of suitable remote-sensing images in locations that are of interest for the
ecology study.
Remote sensing of waterhole persistence
Waterhole persistence was assessed using Landsat image data with wet pixel identification using
the Water Observations from Space dataset (see Sims et al., 2016). This dataset covers the period
1988 to 2016 with a pixel resolution of 30 m at intervals of approximately 16 days. Reach
segments were created using features of the stream network, including the location of river
confluences, and nodes in the hydrological modelling.
Landsat pixels were identified as either wet, dry, cloud or null within a 250-m buffer either side of
the stream network within each stream segment. Images that exceeded a cloud cover of 5% or
null pixels of 1% for each stream segment were excluded from further analysis.
Correlating waterhole persistence to streamflow
The period of assessment was limited to the dry season from 1 March to 1 August, although
relationships with flow through to end of December were explored to capture recession in the
area of waterholes while avoiding the ‘first flushes’ that can occur prior to the onset of the typical
wet season. The statistical model was developed using the concurrent period of Landsat data
(Sims et al., 2016) and modelled streamflow (Hughes et al., 2018). This resulted in a period for
model development from March 1988 to August 2015. While the statistical model was developed
on the concurrent period, the statistical relationship was applied to the period of modelled
streamflow from 1891 to 2014. The analysis reported the minimum waterhole area per reach
per year.
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Statistical analysis
Different statistical models analysing the number of wet pixels in each scene and flow at the
downstream gauge were explored. This included variations in the magnitude of cease-to-flow
thresholds, the cease-to-flow duration, and the cumulative flows over different preceding periods
and different regression model structures (Table 4-12). The goal was to identify the best overall
model to predict total waterhole pool extent within each catchment under the different flow
scenarios. Model predictions provided an estimate of annual minimum waterhole extent within
each of the modelled reaches. Even though the model fit was sufficiently good, it should be noted
that there is significant uncertainty with predictions that extrapolate outside of the observed
range. This is particularly important for locations with scenarios that have significantly lower flows
or longer cease-to-flow periods than in Scenario A.
Table 4-12 Range of options explored in model fitting and parameter used in model analysis
PARAMETER

OPTIONS

MODEL

Cloud cover threshold (percentage of images)

0.05, 0.1, 0.3

0.05

Null pixel threshold (percentage of images)

0.01, 0.02, 0.1

0.01

Cease-to-flow threshold (ML/day)

0.1, 0.2, 0.5, 1, 2, 5, 10

1

Cease-to-flow period (days)

1, 3, 5, 12, 30, 60

1

End dry season

1 Aug and 1 Dec

1 Aug

Cumulative flow over different periods (days)

1,3, 5, 7, 30, 60

1 day

Polynomial model

1st, 2nd or 3rd order

1st

Model fitting

Normal or log

Log

4.2.2

RESULTS

Fitzroy catchment
The Fitzroy catchment is highly seasonal, with high wet-season and low dry-season flows. During
the dry season, waterholes provide refuges for aquatic species and sources of water for other flora
and fauna. In the Fitzroy catchment, waterholes are typically quite small (200–600 m in length)
(Close et al., 2012) and can be found throughout most of the catchment (Pollino et al., 2018; Sims
et al., 2016). As the dry season progresses, the total area of waterholes decreases, with the loss of
smaller waterholes (Close et al., 2012; Pollino et al., 2018). Many aquatic species, including fish,
turtles and sawfish, find refuge within the remaining waterholes. While waterholes make up a
relatively small contribution by area, it is from these refuge habitats that recolonisation of the
river habitat occurs during the wet season (Lymburner and Burrows, 2008).
Maintaining the quality of waterhole habitat during periods of low flow in tropical Australian rivers
is crucial for the local persistence of many aquatic species (Department of Environment and
Resource Management, 2010). Although many waterholes in the Fitzroy catchment are
supplemented by groundwater connection (Harrington and Harrington, 2016), further decreases in
low-flow volumes or longer low-flow periods due to water resource development threatens to
reduce their habitat value. This can occur through loss of waterholes within the landscape, as well
as reductions in the habitat quality and condition of remaining waterholes (Department of
Environment and Resource Management, 2010). In highly seasonal catchments such as the Fitzroy,
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increases in dry-season flow and water persistence associated with development, such as the
addition of weirs, can also affect waterholes, as the fauna of the study area are adapted to the
annual cycle of low and high-flow periods (Figure 4-10). Over the dry period, waterholes can be
replenished by flow pulses within a river, groundwater input and local rainfall.

Figure 4-10 Conceptual model showing how changes in flow conditions can affect the seasonal characteristics of
waterholes

Modification of the duration or timing of low-flow or cease-to-flow periods threatens to change
the ecological character of waterholes in the Fitzroy catchment. During cease-to-flow events,
where no surface water enters waterholes, species lose migration and movement pathways, and
water quality can deteriorate. During periods of low flows, waterhole area is reduced, resulting in
the loss of important glide and riffle habitat, or potential loss of entire waterholes. The location of
individual waterholes within the catchment is an important contributing factor to the duration of
the cease-to-flow period, with waterholes in the upper Fitzroy catchment more likely to undergo
prolonged periods of disconnection under current conditions.
While changes to waterholes associated with water harvesting (Scenario B–WH) were found to
reduce flows, there were no changes in the average number of cease-to-flow days across water
harvesting scenarios. However, water harvesting was associated with a small reduction in the total
area of waterholes, due to reduced dry-season inflow to affected river reaches. This would result
in some loss of important glide or riffle habitat on the edge or between waterholes, and in some
locations, disconnection from habitat structures, such as bank overhangs and tree roots. The
impact of water harvesting was reduced for the Scenario B–WH HT (water harvest with high
extraction threshold) (Table 4-13). Limiting water harvesting leading up to and during periods of
low flow and maintaining dry-season pulses and first wet-season flows would provide protection
to waterholes. The water harvesting volume and pump rate had little influence on waterhole area
in the Fitzroy catchment (Table 4-13).
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Table 4-13 Waterhole area by scenario, shown as average minimum dry-season waterhole area
802030 r2 = 0.463; df = 112.
REACH

DRY-SEASON
WATERHOLE AREA

SCENARIO A

SCENARIO B–
WH LT

SCENARIO B–
WH HT

SCENARIO CDRY

SCENARIO CMID

SCENARIO CWET

8020030

Area (ha)

7.77

7.49

7.51

5.73

7.17

9.27

% change

0

–3.64

–3.39

–26.24

–7.68

19.31

Mitchell catchment
In the Mitchell catchment, changes to waterholes by water harvesting (Scenario B–WH) and dams
(Scenario B–D) were considered. Water harvesting was found to reduce flows at downstream
nodes, although there were no changes in the average number of cease-to-flow days across
scenarios. The impact to low flows, and hence waterholes, was minimised by the high extraction
threshold, with minimal impact to low-flow periods.
Although water harvesting caused minimal changes to the duration of the cease-to-flow periods, it
was associated with a small reduction in the total area of waterholes, due to the reduced dryseason flows (Table 4-14). This would result in some loss of important glide or riffle habitat on the
edge or between waterholes, and in some locations, disconnection from habitat structures, such
as bank overhangs and tree roots. This impact was reduced for the Scenario B–WH HT. Limiting
water harvesting leading up to and during periods of low flow and maintaining dry-season pulses
and first wet-season flows would provide protection to waterholes within the Mitchell catchment.
The water harvest volume and pump rate had little influence on waterhole area in the Mitchell
catchment.
Table 4-14 Waterhole area by scenario, shown as average minimum dry-season waterhole area
Node 9190111 is located just downstream of water harvesting and node 9190000 is located near the river mouth.
9190111 r2 = 0.6544; df = 137 and 9190000 r2 = 0.9074; df = 142.
NODE

UNIT

9190111

Area (ha)

1.0

1.0

1.0

0.6

0.8

1.3

% change

0

–1.9%

0.0%

–41.2%

–26.4%

28.2%

Area (ha)

39.9

39.1

39.9

37.1

38.0

41.8

% change

0

–2.0%

0.0%

–7.0%

–4.7%

4.9%

9190000

SCENARIO
A

SCENARIO
B–WH LT

SCENARIO
B–WH HT

SCENARIO
CDRY

SCENARIO
CMID

SCENARIO
CWET

Potential dams (Scenario B–D) in the Mitchell catchment resulted in substantial changes in ceaseto-flow days, with increases in no cease-to-flow days to over an average of 230 days/year
(Table 4-15). Such changes would likely have severe impacts on waterhole ecology, including
affecting migration and movement pathways in affected reaches, as well as impacts on water
quality and other habitat characteristics. In the cumulative dam assessment, changes to cease-toflow periods in the Mitchell catchment were greatest in reaches close to the upstream dams (e.g.
node 9190111) and had comparatively reduced, but noticeable, effects further downstream
towards the river mouth (e.g. node 9190091). The end-of-system reach was unaffected by ceaseto-flow periods from dams (Table 4-15), but was still affected by changes in important low flows
during the seasonal dry period.
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Table 4-15 Annual average number of cease-to-flow days at selected nodes in the Mitchell catchment
Node 9190111 is located just downstream of a dam and node 9190000 is located near the river mouth. D/S =
downstream.
NODE

SCENARIO
A

PINNACLES

ROOKWOOD

9190111

0

232

232

9190000

0

0

0

PALMER

LYND D/S

CHILLAGOE

ELIZABETH
CK

NULLINGA

232

232

232

232

232

0

0

0

0

0

The cumulative dam scenario (Scenario B–D–C) resulted in the greatest effect on waterholes, with
dry-season waterhole area being severely reduced and impacts extending downstream. At the
most downstream reach (9190000), the dry-season waterhole area was reduced by over 65% by
the initial dam and by over 75% when all seven dams were considered (Table 4-16). Such large
losses of habitat area would result in substantial impact to plants and animals that depend upon
waterholes as refuge habitat during the annual dry period.
Table 4-16 Waterhole area at the end-of-system reach by cumulative dams shown as annual average dry-season
minimum waterhole extent
9190000 r2 = 0.9074; df = 142, D/S = downstream.
NODE

UNIT

9190000

4.2.3

SCENARIO
A

PINNACLES

ROOKWOOD

PALMER

LYND D/S

CHILLAGOE

ELIZABETH
CK

NULLINGA

Area (ha)

39.9

12.9

12.0

10.9

10.1

10.1

9.8

9.8

% change

0

–67.7%

–69.9%

–72.6%

–74.6%

–74.6%

–75.5%

–75.5%

CAVEATS AND LIMITATIONS

When considering the results of the waterholes statistical analysis, the following caveats and
limitations should be considered:
•

•

The statistical model is developed based upon relationships between remote-sensing data
and modelled hydrology. While the model is a best fit, other statistical models would
provide different results.
In some cases, the model outputs are an extrapolation beyond observations. Many factors
can influence the area of waterholes during the drawdown period, including the
contribution of groundwater and the bathymetry of the waterhole. Caution should be
taken when using statistical models for extrapolation beyond input data points.

A single model structure was sought for each catchment. In some locations, cease-to-flow was the
best model, while in other locations, minimum flow over the period was the best model. Tradeoffs had to be made, as not all locations reached cease-to-flow.

4.3

Habitat analysis: Riparian vegetation

4.3.1

INTRODUCTION

Riparian vegetation (areas of vegetation adjacent to watercourses) is regarded as highly diverse,
dynamic and complex (Naiman and Decamps, 1997). It influences instream primary production;
nutrient interception, storage and release; bank stability; the provision of coarse woody material
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as habitat and substrate for fish, invertebrates and microalgae; channel morphology and habitat
diversity (Pusey and Arthington, 2003). Riparian vegetation zones provide critical habitat and
resources for birds in terms of feeding, refuge, watering, nesting and rearing (Pusey and Kennard,
2009). They support a high abundance of insects that provide food for a variety of animals (Pusey
and Kennard, 2009), including aquatic animals.
Riparian zones depend on flood processes. They are therefore highly vulnerable to disturbances
(Naiman and Decamps, 1997). The riparian zones of northern Australia have evolved with periods
of high flow, and may change if such flows are not appropriately managed (Pettit, 2016).
One of the major riparian vegetation types in the Mitchell catchment is the ‘Melaleuca species
woodland-open forest on sands in channels and on levees’ (Queensland Government, 2017). This
vegetation is dominated by Melaleuca leucadendra and/or M. argentea fringing forests and
woodlands, and Eucalyptus camaldulensis (regional ecosystem (RE) class 2.3.24). Its biodiversity
status is listed as ‘of concern’ and it is a valuable refuge for some fauna and flora, including the
freshwater sawfish (Pristis pristis) (Queensland Government, 2017). This RE class is subject to
invasion by rubber vine (Cryptostegia grandiflora) and water hyacinth (Eichhornia crassipes), as
well as grazing pressure (Queensland Government, 2017). A full list of species used in the analysis
is provided in the accompanying technical report (Pollino et al, 2018).

4.3.2

METHOD APPLICATION

Similarly to the wetland connectivity analysis, the riparian vegetation inundation analysis was
based upon inundation modelling from a two-dimensional hydrodynamic model of each study
area (Karim et al., 2018). For the Mitchell catchment, small (AEP 1 in 2), medium (AEP 1 in 10), and
large (AEP 1 in 26) flood events were modelled for each of the climate and development scenarios
described in Section 2.1.3. The output was a time series of inundation extents (Karim et al., 2018).
Vegetation RE class 2.3.24 was selected as representative of riparian vegetation within the
Mitchell catchment. The inundation extents were overlayed with this vegetation class to
determine the proportion of the vegetation inundated for each timestep.

4.3.3

RESULTS

Mitchell catchment
Figure 4-11 shows the percentage of area inundated for each of the flood sizes for each of the
scenarios. The larger floods (Figure 4-11c) showed a smaller impact between the scenarios than
did the smaller floods (Figure 4-11a). The development scenario Ddry showed the largest decrease
in inundated vegetation area for all flood magnitudes, while Scenario Cwet showed an increase in
inundated vegetation area for the smaller floods. The development scenarios (scenarios B, Ddry
and Dwet) generally showed a decrease in the inundated area compared with Scenario A (except
for ‘Scenario Cwet’ for the smaller flood) (Figure 4-11).
The alteration of the flow regime caused by development or a future drier climate, which in turn
leads to a reduced area of inundation, will likely increase the success of invasive species, such as
the rubber vine and the water hyacinth. These species are identified threats to this RE class and
would lead to its degradation.
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Figure 4-11 Impacts to riparian vegetation as shown by the percentage of area inundated for (a) annual exceedance
probability (AEP) 1 in 2, (b) AEP 1 in 10 and (c) AEP 1 in 26

Darwin and Fitzroy catchments
In the Darwin and Fitzroy catchments, analysis of the different scenarios did not show measurable
differences in terms of changed connectivity of riparian vegetation zones.

4.3.4

CAVEATS AND LIMITATIONS

While this analysis shows the impact of the development and climate scenarios have on this
riparian vegetation class some caveats and limitations on this analysis are as follows:
• The inundation modelling results were limited to one model run per AEP per scenario, with
models limited to a 40 day model period, due in part, to the computational time needed to run
the model. Additional model runs, which would include a longer modelling period and larger
AEP, would allow us to understand the impact of larger flood events. Further discussion about
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limitations and further development of the inundation modelling can be found in Karim et al.
(2018).
• Alternative water sources, such as rain water and access to groundwater, may also affect the
viability of this vegetation class, and should be considered in future analysis.
Further work should be done to look at the duration of inundation on this vegetation class and the
likely impact on productivity and species composition. Additional RE classes that are found along
riparian corridors should also be considered.
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5

Asset analysis and results: Functional groups
and species

5.1

Functional groups: Stable flow spawners

An important group of fish are the stable flow spawners. This group of fish spawn in association
with stable flows (low flow, baseflow and cease-to-flow) and have the potential to be affected
through flow regulation, due to flow changes affecting their habitat (such as availability, structure,
size and quality). This group includes a large number of species, including the freshwater longtom
(Strongylura krefftii), mouth almighty (Glossamia aprion), bony herring (Nematalosa erebi), barred
grunter (Amniataba percoides), flyspecked (Craterocephalus stercusmuscarum stercusmuscarum)
and freckled hardyhead (C. lentiginosus) and the eastern (Melanotaenia splendida splendida),
chequered (M. splendida inornata) and western (M. australis) rainbowfish.

5.1.1

METHOD AND APPLICATION

This analysis investigates the influence of flow change on the response of the stable flow spawner
functional group. The response of stable flow spawners to flow change is investigated using a
hydrometric assessment (reported in Section 3) and a preference curve approach. Preference
curves are used to evaluate the changes in condition of stable flow spawners in response to
alternative scenarios of change, as summarised in Section 2 and expanded upon here.
Evidence base
Stable flow spawners are typically small in size, sedentary and are prey for a range of larger
species, such as the barramundi. Changes in the dynamics of stable flow spawners are likely to
have an impact on higher trophic levels.
To develop preference curves, a review of the life history and habitat requirements of a range of
stable flow spawning fish species was undertaken. The review focused on the potential effects of
hydrological change on fish assemblages, using studies that have been based in the Northern
Australia Water Resource Assessment (the Assessment) area (Allsop and De Lestang, 2000;
Morgan et al., 2004; Mulrennan and Woodroffe, 1998) as well as other northern Australia regions
(Bishop et al., 1990; Godfrey et al., 2017; Pusey et al., 2004) (Table 5-1).
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Table 5-1 Knowledge underpinning the flow requirements for freshwater stable flow spawners
SPECIES

FLOW REQUIREMENT/
FUNCTION

FLOOD
DURATION

TO SUPPORT

THRESHOLD

REFERENCE AND PLACE OF STUDY

Freshwater longtom
(Strongylura krefftii)

Connectivity between riverine
and offchannel habitats (for
spawning).

Sufficient to
inundate
offchannel
habitats

Ephemeral wetlands and floodplain
lagoons are the hypothesised spawning
locations for longtom (Bishop et al.,
1990). Lower or no flows would
negatively affect the creation of
ephemeral wetlands, which are likely
spawning and juvenile habitats for this
species. Evidence suggests that the
longtom undergo extensive migrations
throughout its life cycle (Pusey et al.,
2004). The restriction of baseflow due
to impoundment would negate
longstream dispersion.

Successive years without inundation
connections between riverine and
ephemeral wetlands are likely to adversely
affect the long-term viability of longtom. No
information is available on age at maturity
of longtom or on its reproductive strategies.
Therefore, thresholds for this species
cannot be determined.

Little information exists on the
reproductive biology of longtom,
except for studies by Bishop et
al. (1990) in the Alligator Rivers
region and unpublished data by
Pusey et al. (2004) in the
Burdekin River.

Bony herring
(Nematalosa erebi)

Highly adaptable species with
no specific flow requirements.
However, juveniles and larvae
largely occupy offchannel
habitats and sufficient flows
are required to inundate and
maintain the persistence of
ephemeral and offchannel
habitats.

Sufficient to
inundate
offchannel
habitats and
create or
provide access
to ephemeral
habitats

Well-adapted species to a variety of
habitats and benefits from drying
conditions (Balcombe et al., 2014).

Extreme flooding in the Burdekin River,
associated with Cyclone Joy in 1991,
depressed abundance levels of bony herring
by almost 80% (Puckridge and Walker,
1990). However, population sizes had
recovered substantially (77%) within
12 months and returned to pre-flood levels
after 18 months (Pusey et al., 2004).

Several studies exist concerning
bony herring. The studies vary in
location and some studies
(Balcombe et al., 2014) caution
against transferring
ecohydrological relationships
between river systems.

Bony herring undertakes
significant movement
throughout its life cycle.
Movement is predominantly
diurnal (Pusey et al., 2004).

The bony herring undertakes significant
movement throughout its life cycle.
Movement is predominantly diurnal
(Pusey et al., 2004). Upstream
movement in fishways will apparently
cease, followed by a return to the base
of the fishway, if the upstream passage
cannot be negotiated before sundown
(Mallen-Cooper, 1996). Therefore, bony
herring must be able to negotiate any
fishway (or natural obstacle) within the
space of a single diurnal period. Barriers
to movement would severely affect this
species.

Females mature sexually at 24 months and
males at 12–24 months.
Life span is approximately 5 years.
Spawning season is variable across the bony
herring’s range and life history is relatively
flexible.
It is likely that bony herring are able to
recover rapidly after unfavourable
conditions (Puckridge and Walker, 1990). If
unfavourable conditions (high flows)
depress abundances, it is likely populations
will be able to recover within 2 years.

Balcombe et al. (2014)
compared two catchments:
Moonie Valley (Murray–Darling
Basin) and Cooper Creek (Lake
Eyre Basin).
Bishop et al. (1990) examined
bony herring in the Alligators
River region.
Puckridge and Walker (1990)
examined bony herring in the
lower Murray River.
Arthington et al. (1992)
examined bony herring in the
Burnett River drainage.
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SPECIES

FLOW REQUIREMENT/
FUNCTION

FLOOD
DURATION

TO SUPPORT

THRESHOLD

REFERENCE AND PLACE OF STUDY

Mouth almighty
(Glossamia aprion)

Requires still flow conditions
or the presence of littoral/
slackwater habitats to
transfer eggs from the female
to the buccal cavity of the
male.

Sufficient to
inundate
offchannel
habitats and
create or
provide access
to ephemeral
habitats.

Requires still flow conditions or the
presence of littoral/slackwater habitats
to transfer eggs from the female to the
buccal cavity of the male (Godfrey et
al., 2017).

Matures sexually at approximately
12 months (Bishop et al., 1990).

Unpublished data from Pusey et
al. (2004) examined mouth
almighty across north-eastern
Australia.

Sufficient to
inundate
offchannel
habitats and
floodplains for
recruits to
exploit the
nutrient-rich
habitat.

It is clear that barred grunter prefer
shallow run habitats. However, they are
also found in a variety of other habitats
with differing flows. Spawning location
is also flexible. Therefore, it is difficult
to determine specific flow
requirements/ functions for this
species.

Mouth almighty move into
lowland lagoons to spawn
and juveniles disperse widely
throughout the riverine
landscape shortly after the
end of the incubation period.
Barred grunter
(Amniataba
percoides)

Found in a range of flow
conditions and habitats.
However, prefers shallow
stream reaches with coarse
substrate and flows greater
than 0.3 m/s (i.e. runs) (Pusey
et al., 2004).
A highly mobile species,
moving from refugia habitats
to lowland floodplain habitats
at the commencement of the
wet season (Bishop et al.,
1995). Return upstream
migrations are made by
juvenile and adults as lowland
habitats contract with the
onset of the dry season.

Flyspecked
(Craterocephalus s.
stercusmuscarum)/
freckleheaded
(Craterocephalus
lentiginosus)
hardyhead
(Craterocephalus
spp.)

Hardyheads undertake
recolonisation movements,
which are likely cued by
elevated flows. Offchannel
habitats function as dryseason refugia and are
important for the spawning
and persistence of this
species.
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Sufficient to
inundate
offchannel
habitats and
create or
provide access
to ephemeral
habitats for
recolonisation.

Life span is approximately 5 years.

Bishop et al. (1990) examined
mouth almighty in the Alligator
Rivers region.

Spawning occurs in the late dry and
early wet seasons in the Alligator Rivers
region (Bishop et al., 1990).

It is clear that barred grunter is also
highly mobile throughout its life cycle,
moving from refugia habitats to lowland
floodplain habitats at the
commencement of the wet season
(Bishop et al., 1995).

Hardyheads benefit from drying
conditions and there is little evidence to
suggest a significant increase in
recruitment after large floods (Pusey et
al., 2004).
Hardyheads rapidly recolonise
previously dry river stretches after wetseason flows resume and longitudinal
connectivity is re-established (Pusey et
al., 2004). Offchannel habitats function

Godfrey et al. (2017) examined
mouth almighty in the wet
tropics.

Matures sexually in <1 year.
No aging studies have been undertaken but
its lifespan is likely 3–4 years.
Spawning variable ranging from the early
dry to mid-wet season.
In the Burdekin River, peak recruitment
occurs during the dry season (Arthington et
al., 1992).
Spawning is likely to be protracted and
several batches of eggs are produced in one
season.

Bishop et al. (1990) and (1995)
examined barred grunter in the
Alligators River region.
Unpublished data from Pusey et
al. (2004) examined barred
grunter across north-eastern
Australia.
Arthington et al. (1992)
examined barred grunter in the
Burnett River drainage.

It is difficult to predict thresholds for this
species due to the lack of biological
information.

Hardyheads are capable of multiple
spawning events and spawn throughout the
early (May) and late (November) dryseason. Spawning is likely to be
concentrated in the mid-dry season
(September–November in wet tropics), but
this varies across years.
Unseasonal flow releases during natural
low-flow periods during September–
October are likely to negatively affect the

Pusey et al. (2002) examined
hardyheads in Johnstone River,
Queensland.
Pusey et al. (2004) examined
hardyheads in unpublished data
from across north-eastern
Australia.

SPECIES

FLOW REQUIREMENT/
FUNCTION

FLOOD
DURATION

TO SUPPORT

THRESHOLD

REFERENCE AND PLACE OF STUDY

Recolonisation
movements
are likely cued
by elevated
flow.

as dry-season refugia and are important
for the spawning and persistence of this
species.

reproductive success of hardyheads
(coincides with peak spawning). Larval
hardyheads are strongly restricted to water
velocities less than 10 cm/s (Pusey et al.,
2002).
Matures sexually at <12 months.
Lifespan is approximately 2 years.
Likely to be able to rapidly recover after
unfavourable conditions.

Eastern
(Melanotaenia
splendida),
chequered (M.
inornata) and
western (M.
australis)
rainbowfish
(Melanotaenia spp.)

Availability of flow refuges
(eddies and blackwaters) are
important in reducing flowrelated mortality of larvae
(Pusey et al., 2002).
Undertake both upstream (to
dry-season refugia habitat)
and lateral (to access
floodplain areas) migrations.

Sufficient to
inundate
offchannel
habitats and
floodplains for
recruits to
exploit the
nutrient-rich
habitat.

Rainbowfish have been found to
undertake upstream migrations to dryseason refugia habitats. With migration
occurring during daylight hours and at
rates of between 4.8 and 5.4 km/day in
the Alligator Rivers region (Bishop et al.,
1995).

Peak spawning periods vary between river
systems.

Larval mortality is very high at the
beginning of the wet-season (Pusey et
al., 2002). Availability of flow refuges
(eddies and blackwaters) are important
in reducing flow-related mortality of
larvae (Pusey et al., 2002).

Larvae remain in low-flow environments
until metamorphosis is completed.

In the wet tropics region the majority of
spawning occurs in the warmer months
leading up to the wet season (Pusey et al.,
2001), but spawning can also occur in the
wet season.

Bishop et al. (1995) examined
rainbowfish in the Alligator
Rivers region.
Pusey et al. (2001) and (2002)
examined rainbowfish in the wet
tropics region.

Matures sexually at <12 months.
Its lifespan is approximately 2 years.
It is likely to be able to rapidly recover after
unfavourable conditions.
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Application of the preference curve analysis
Building on the hydrometric analysis in Section 3, further analysis was completed at selected
assessment nodes. Nodes were selected where there was a high frequency of mapped
occurrences of stable flow spawners. Analysis used a preference curve approach to assess changes
in condition score (Section 2).
The analysis considered change in maximum flows, timing of flows and duration of flow peaks.
While stable flow spawners do not require high flows to initiate spawning, juvenile fish do benefit
from exploiting the nutrient-rich floodplains during the wet season, and they require flows for
habitat maintenance and condition. Stable flow spawners predominately occupy offchannel
habitats during the dry season. Sufficient overbank floods are required to inundate and maintain
the persistence of ephemeral and offchannel habitats. Survivorship and persistence of individuals
occupying offchannel habitats is dependent on the magnitude, duration and timing of high flows.
A reduction in the extent of inundation would increase competition between species because of
the decrease in available resources and space. Overbank floods in the wet season provide
dispersal routes for fish species to migrate and exploit the nutrient-rich inundated floodplains
(Karim et al., 2012). Wet-season floods also inundate important offchannel habitats that function
as refugia habitat in the dry-season (Karim et al., 2012; King et al., 2015; Pusey et al., 2004).
Changes in the condition score of stable flow spawners arise due to changes in habitat area,
quality and persistence. Changes in habitat condition can affect recruitment rates, dispersal and
range, body condition and persistence of stable flow spawners.
The response of stable flow spawners to changes in flows varies between groups (Table 5-1). The
bony herring benefits from drying conditions, but also prefers open-water habitats. Similar to the
bony herring, rainbowfish, hardyheads, and the mouth almighty prefer small, ephemeral habitats,
such as waterholes, ponds and creeks. Large, open-water habitats are likely to be unfavourable to
this group. In contrast, the group of barred grunter and longtom prefer open-water habitats. The
extent of offchannel habitat persistence would be proportional to the suitability of habitat for this
group of stable flow spawners.
The following figures are preference curves for two distinct groups based on habitat use.
Group one consists of the mouth almighty, rainbowfish and hardyheads (Figure 5-1, Figure 5-2 and
Figure 5-3) and group two consists of longtom and barred grunter (Figure 5-4, Figure 5-5 and
Figure 5-6).
The bony herring was not included in this analysis, as this species is highly adaptable to different
flow regimes.
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Figure 5-1 Preference curve for the timing of spawning of the mouth almighty, rainbowfish and hardyhead

Figure 5-2 Preference curve for duration of floodplain inundation of the mouth almighty, rainbowfish and
hardyhead

Figure 5-3 Preference curve for flood magnitude of the mouth almighty, rainbowfish and hardyhead
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Figure 5-4 Preference curve for movement timing of the longtom and barred grunter

Figure 5-5 Preference curve for duration of floodplain inundation of the longtom and barred grunter

Figure 5-6 Preference curve for flood magnitude of the longtom and barred grunter

5.1.2

RESULTS

Mitchell catchment
Stable flow spawners were assessed at nodes 9190090, 9190110 and 9193090 for water
harvesting scenarios (Scenario B–WH) and 9190090, 9190092, 9190111 and 9190030 for dam
scenarios (Scenario B–D).
92 | Ecological assets in northern Australia: asset analysis

This analysis showed a major decline in condition of the stable flow spawners, longtom and barred
grunter as a consequence of water harvesting scenarios (Figure 5-7). Increased volumes of water
extraction produced the greatest change. The timing of extraction is also important, with impacts
on condition scoring greater when river heights are low. The mouth almighty, hardyheads and
rainbowfish show a loss in condition with increasing allocations, although the response is not as
dramatic (Figure 5-8).
Stable flow spawners show some decline under the dam scenarios. This is evident at node
9190030, which is downstream of the Mitchell dam (Figure 5-9 and Figure 5-10). At node 9190111,
there is a further reduction in condition score, representing the impact of two modelled dams.
Fitzroy catchment
Stable flow spawners were assessed at nodes 8020070 and 8020554 for water harvesting
scenarios (Scenario B–WH).
None of the species of stable flow spawner show changes in condition scores (Figure 5-11 and
Figure 5-12). This suggests that recruitment rates, dispersal and range, body condition and
persistence of stable flow spawners are largely unaffected by water extraction in the Fitzroy.
Darwin catchments
Stable flow spawners were assessed at nodes 81700050, 81700200, 81800351 and 81800354 for
water harvesting scenarios (Scenario B–WH). For potential dam scenarios (Scenario B–D), stable
flow spawners were assessed at nodes 81700001, 81700200, 81700050 and 81700020 in the
Adelaide catchment and nodes 81800001, 81800351 and 81800354 in the Mary catchment.
This analysis showed no changes in condition scores under any of the water harvesting scenarios
in the Adelaide and Mary catchments (Figure 5-13 and Figure 5-14).
Minor changes in condition score of all stable flow spawners were found in the Adelaide
catchment (Figure 5-15 and Figure 5-16).
The dam scenarios for the Mary catchment show substantial changes in condition score of all
stable flow spawners (Figure 5-17 and Figure 5-18). The highest impact was found at 81800354,
which is located at the modelled Mary River dam site. This impact on stable flow spawner’s
condition score extends downstream to node 81800351, however the impact is reduced.
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Figure 5-7 Maximum condition scores of longtom and barred grunter considering water harvesting scenarios at
nodes 9190090, 9190110 and 9193090 in the Mitchell catchment
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Figure 5-8 Maximum condition scores of the mouth almighty, rainbowfish and hardyhead considering water
harvesting scenarios at nodes 9190090, 9190110 and 9193090 in the Mitchell catchment
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Figure 5-9 Maximum condition scores of the longtom and barred grunter considering dam scenarios at nodes
9190090, 9190092, 9190111 and 9190030 in the Mitchell catchment
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Figure 5-10 Maximum condition scores of the mouth almighty, rainbowfish and hardyhead considering dam
scenarios at nodes 9190090, 9190092, 9190111 and 9190030 in the Mitchell catchment
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Figure 5-11 Maximum condition scores of the longtom and barred grunter considering water harvesting scenarios at
nodes 8020070 and 8020554 in the Fitzroy catchment
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Figure 5-12 Maximum condition scores of the mouth almighty, rainbowfish and hardyhead considering water
harvesting scenarios at nodes 8020070 and 8020554 in the Fitzroy catchment
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Figure 5-13 Maximum condition scores of the longtom and barred grunter considering water harvesting scenarios at
nodes 81700050 and 81700200 in the Adelaide catchment and 81800351 and 81800354 in the Mary catchment

100 | Ecological assets in northern Australia: asset analysis

Figure 5-14 Maximum condition scores of the mouth almighty, rainbowfish and hardyheads considering water
harvesting scenarios at nodes 81700050 and 81700200 in the Adelaide catchment and 81800351 and 81800354 in
the Mary catchment
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Figure 5-15 Maximum condition scores of the longtom and barred grunter considering dam scenarios in the
Adelaide catchment at nodes 81700001, 81700200, 81700050 and 81700020
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Figure 5-16 Maximum condition scores of the mouth almighty, rainbowfish and hardyhead considering dam
scenarios in the Adelaide catchment at nodes 81700001, 81700200, 81700050 and 81700020
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Figure 5-17 Maximum condition scores of the longtom and barred grunter considering dam scenarios in the Mary
catchment at nodes 81800001, 81800351, and 81800354
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Figure 5-18 Maximum condition scores of the mouth almighty, rainbowfish and hardyhead considering dam
scenarios in the Mary catchment at nodes 81800001, 81800351, and 81800354

5.1.3

SYNTHESIS OF CHANGES

Modelled water harvesting and dams show some alterations in flows at downstream nodes
(Section 3). Such changes would affect habitat maintenance and persistence, affecting the overall
availability of habitat for stable flow spawners.
The changes in flows could alter the connection and disconnection periods of offchannel and main
channel habitat. A reduced connection period (through reduced inundation and flows) could
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hinder the ability of stable flow spawners to migrate to suitable dry-season refugia habitat and
inundated floodplains in the wet season. This would result in fish remaining in main channel
habitats where competition and predation effects would be greater. In contrast, an increased
connection period (through river regulation and introducing permanency of water in a previously
ephemeral reach) could facilitate the dispersal of species that would normally not occupy
offchannel habitats. This could alter fish assemblage structures and increase competition and
predation of stable flow spawners.

5.1.4

LIMITATIONS

The following limitations are acknowledged:
• While information is primarily based on research in northern Australia, there will be some error
in transferring habitat and flow preferences between catchments.
• Preference curves are based on published information; there is still uncertainty in the
preferences of fish species.
• This analysis assumes there are no installations of fishways.
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5.2

Functional groups: Migratory fish

A fish group vulnerable to infrastructure development and changes to flows are freshwater
migratory fishes. Migratory fish include populations or subpopulations that undertake large-scale
movement during their life cycle. While there are many species in this group, a range of species
are distributed throughout freshwater habitats, including inchannel and offchannel environments,
as well as upper and lower catchment areas. Species include the barramundi (Lates calcarifer),
freshwater sawfish (Pristis pristis), bull shark (Carcharhinus leucas), black catfish (Neosilurus ater),
Hyrtl’s tandan (N. hyrtlii), sooty grunter (Hephaestus fugilinosus and H. jenkinsi), freshwater
longtom (S. krefftii) and spangled perch (Leiopotherapon unicolor). Migrations of these species
may be required for reproductive purposes or to exploit available habitat and food resources.
Species were selected to represent a range of migration strategies and connections between
habitats. This included diadromous elasmobranchs, which use main channel habitats as nursery
areas; diadromous barramundi, which use main channel and a range of offchannel waterways; and
potomadromous species, which use freshwater habitats and frequently a combination of habitats
including ephemeral and permanent waters.
Inchannel dams and water harvesting pose different challenges for fish migration. Inchannel dams
pose direct barriers that can be either drowned out or fitted with fish passage structures to
facilitate passage. Dams increase water depth on the upstream side of the dam. Water harvesting
can also lead to fish passage issues, including the lowering of water levels and streambed drying,
and changes to cues for fish migration.

5.2.1

METHOD AND APPLICATION

This analysis investigates the influence of flow change on the response of the migratory fish
functional group. The response of migratory fish to flow change is investigated using a
hydrometric assessment (reported in Section 3) and a preference curve approach. Preference
curves are used to evaluate the changes in condition of migratory fish in response to alternative
scenarios of change, as summarised in Section 2 and expanded upon here.
Evidence base
The migratory fish functional group focuses on fish with a life history that requires migrations,
moving across different habitats. Information was sourced from northern Australia studies and
from the Assessment area. This included telemetry investigations of juvenile freshwater sawfish
movement in the Fitzroy River (Whitty et al., 2017; Whitty et al., 2009) and a preliminary
investigation of bull shark movement (Laolada, 2015). For other fish species, the movement and
life-history-related behaviour has been inferred from what is known from other catchments
(Crook et al., 2017).
The evidence in Table 5-2 is used in preference curves, with a focus on spawning, movements,
migration and connectivity. The flow inputs considered are timing, duration and magnitude of
daily discharge in the main channel.
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Table 5-2 Knowledge underpinning the flow requirements for freshwater migratory fishes in large rivers of northern Australia
SPECIES

FLOW REQUIREMENT

TIMING

FLOOD DURATION

RIVER DRAWDOWN

THRESHOLD

REFERENCE AND PLACE OF
STUDY

Spangled perch
(Leiopotherapon
unicolor)

Highest recruitment often
in flooding. Flow may
stimulate spawning and
increase recruitment, but
high flow not essential for
spawning.

Above 26 oC for spawning;
diurnal movement and
migration substantially
greater than nocturnal
movement and migration.

This species is an
extremely successful
colonist under brief and
more extended flooding
scenarios.

Bishop et al. (1990)
provides evidence of
spangled perch migration
from a billabong through a
creek during water level
receding. Capable of
surviving and flourishes in
no-flow habitat, including
isolated waterholes and
wetlands for extended
periods (years).

This species is likely to
have more adaptable
flooding requirements
than most species.
Spangled perch usually
benefits in terms of
increased abundance and
distribution within
catchments as a function
of flooding.

Llewellyn (1973): Murray–
Darling Basin

Hogan (1994): wet tropics.

Kerezsy et al. (2011):
central Australia.
Bishop et al. (1990):
Alligator River, NT.
Pusey et al. (2004):
general summary.

Sooty grunter
(Hephaestus
spp.)

Wet-season flows
stimulate this species to
congregate into spawning
aggregations, including in
offchannel and main
channel environments.

Wet-season spawning
window: distance to
nearest spawning ground
is likely an important
determinant of successful
adult spawning and adult
return to home range.

Females may require a
longer of duration of
flooding to develop
gonads compared with
males.

There is limited
understanding of juvenile
habitat use and
movement during
drawdown. This is an
important knowledge gap,
given the use of riffles and
runs by this species as a
nursery.

Sooty grunter reach
specific thresholds likely in
association with a)
connectivity for adult
access to and from
spawning habitat and b)
the availability of juvenile
nursery areas in channel.

Black catfish
(Neosilurus ater)

Flooding of ephemeral
creeks is likely central to
the spawning and
recruitment success of
this species.

Wet-season spawning,
including spawning in
recently inundated
ephemeral creeks

Duration of flooding
potentially important for
return migrations to dryseason refugia

River drawdown may
affect return migrations of
this species to dry-season
refuges.

Large-scale flooding likely
beneficial to major booms
of this species. Juveniles
are found in flowing riffles
and runs.

Orr and Milward (1984):
Ross River tributary, north
Queensland.

Flooding of ephemeral
creeks is likely central to
the spawning and
recruitment success of
this species. It uses a wide
range of inchannel and
offchannel habitats.

Wet-season spawning,
including spawning in
recently inundated
ephemeral creeks.

Capable of moving
upstream through flows of
0.5 m/s.

Can remain in shallow
habitats awaiting reflooding.

Large-scale flooding likely
beneficial to major booms
of this species; less
widespread flooding also
likely to aid population
success, including
replenishment of main
channel populations.

Orr and Milward (1984):
Ross River tributary, north
Queensland.

Hyrtl’s tandan
(Neosilurus
hyrtlii)
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Pusey et al. (2004):
provides a summary of
what is known of sooty
grunter in northern
Australia in tropical rivers
broadly and in contrast to
the wet tropics streams.

Pusey et al. (2004):
summary of northern
Australian literature and
direct observations.

Pusey et al. (2004):
summary in northern
Australia and some direct
observations.
Kerezsy et al. (2011):
central Australia.

SPECIES

FLOW REQUIREMENT

TIMING

FLOOD DURATION

RIVER DRAWDOWN

THRESHOLD

REFERENCE AND PLACE OF
STUDY

Freshwater
longtom
(Strongylura
krefftii)

High flow not central to
spawning success of this
species; spawns in dry
season.

This species moves from
main channel and other
permanent water bodies
into more ephemeral
habitats during the wet
season. Includes upstream
migrations in the wet
season (dry-season
spawning).

Sufficient to inundate
offchannel habitat and
allow upstream
migrations.

River drawdown may
provide feeding
opportunities for this
species in terms of
concentrating prey
species.

Successive years without
inundation connections
between riverine and
ephemeral wetlands is
likely to adversely affect
the long-term viability of
longtom.

Bishop et al. (1990) in the
Alligator Rivers region.

Barramundi
(Lates calcarifer)

Connectivity between
river and estuary essential
for spawning contribution
from riverine adults.

Summer spawner; specific
timing is likely river
system specific and
influenced by tide.

The duration of flooding
will influence upstream,
downstream and lateral
movements of larvae,
juveniles and adults of this
species in large river
catchments.

River drawdown affects
migration and likely
survivorship of large
adults in waterholes and
wetlands. Drawdown
probably also influences
short-term vulnerability of
prey for these top
predators.

Thresholds include
number of days of main
channel connectivity to
the sea to facilitate
breeding migrations to
and from estuaries.

Moore and Reynold
(1982), Davis (1985): PNG.

Larval nurseries
contingent on large-scale
flooding in major river
deltas and freshwaters
near to estuaries.
Upstream migration of
juveniles likely depends
on duration and
magnitude of flows.

Bull shark
(Carcharhinus
leucas)

Largetooth
sawfish (Pristis
pristis)

Russell and Garrett
(1985): north Queensland.
Pusey et al. (2004)
provides a general
summary of freshwater
aspects of life history in
particular.
Crook et al. (2017)
provides the most up-todate synopsis of
barramundi movement
and migration.

Juvenile bull sharks use
flooding to migrate to
extremities of the main
channel system, and are
confined to pools during
extended dry periods in a
sub-set of tropical rivers.

Bull sharks migrate
downstream to the sea for
their adulthood life stage
after about 4 years.

Upstream and
downstream migrations of
bull sharks likely
dependent on flooding
and flood duration.

Pool drawdown has
potential to aid bull shark
capture of neonate
sawfishes.

At an absolute minimum,
main channel to bankfull
at least every 4 years for a
period in which large
juveniles can return to sea
and neonates can migrate
upstream is required to
maintain nursery.

Whitty et al. (2009) and
Laolada (2015): Fitzroy
River, WA.

Neonates pupped in
estuaries rely on main
channel inundation and
connectivity to migrate
upstream.

Little known of the
importance of flood
timing within wet seasons
for sawfish.

Flood duration determines
upstream migration points
of neonate sawfish.

Rapid river drawdown has
the potential to lead to
aggregation of sawfish in
specific waterholes in
relation to shallow water
natural barriers and

The thresholds for
neonate sawfish survival
are unknown and may be
river geomorphology
specific. For instance,
sustained no flow in the
Fitzroy may be

Morgan et al. (2016) and
Whitty et al. (2017):
Fitzroy River, WA.

Thorburn et al. (2014):
northern Australia.
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SPECIES

FLOW REQUIREMENT

Surface water levels in
main channel pools
dictate feeding areas.
Neonates and juveniles (to
4–6 years of age) forage
on shallow sandbanks at
night, including glides and
run and shallow edges of
pools).
Neonates also use these
shallow water habitats by
day.
At 4–6 years of age
juveniles migrate
downstream to the ocean
during high discharge.
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TIMING

FLOOD DURATION

RIVER DRAWDOWN

THRESHOLD

artificial barriers in main
river channels.

detrimental to neonates,
whereas in the braided
sections of the Mitchell
River neonates may
actually be favoured by a
reduction in access for
bull sharks.

REFERENCE AND PLACE OF
STUDY

Application of the preference curve analysis
Building on the hydrometric analysis in Section 3, further analysis was done at selected
assessment nodes. Nodes were selected where there were high frequencies of mapped
occurrences of migratory fish. This analysis used a preference curve approach to assess changes in
condition score (Section 2).
The analysis considered change in timing of flows (Figure 5-19, Figure 5-22 Figure 5-25), duration
of flow peaks (Figure 5-20, Figure 5-23 Figure 5-26) and magnitude of flows (Figure 5-21,
Figure 5-24 Figure 5-27), as these are of significance to migratory fishes for several reasons.
High flows serve as a trigger for the forming of spawning aggregations, such as for sooty grunter.
They also provide an opportunity for access to wet-season (ephemeral) habitats. Flows also
reconnect waterholes and inundate sandbars in the main channel, enabling migratory fish,
including large-bodied barramundi, sawfish and bull sharks, to migrate along the river. The flows
also create diverse flow habitats, such as turbulent flow areas and still, shallow backwaters
(Newson and Newson, 2000). This creates nursery areas for different fish species, and
opportunities for predatory species to feed. Overbank floods in the wet season provide dispersal
routes for fish species to migrate and exploit the nutrient-rich inundated floodplains (Karim et al.,
2012). Changes in habitat of migratory fish are described as changes in spawning, recruitment and
migration rates.
The response of migratory fish to changes in flows is likely to vary between species (Table 5-2).
Migratory fish were further split into six groups for the preference curve analysis. These groups
consisted of
1. spangled perch
2. sooty grunter and black catfish
3. sawfish and bull shark
4. Hyrtl’s tandan
5. barramundi
6. longtom.
For preference curves for barramundi and longtom, refer to the sections on stable flow spawners
(Section 5.1) and barramundi (Section 5.3).
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Figure 5-19 Preference curve for movement timing of the spangled perch

Figure 5-20 Preference curve for duration of floodplain inundation of the spangled perch

Figure 5-21 Preference curve for flood magnitude of the spangled perch
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Figure 5-22 Preference curve for movement timing of the sooty grunter and black catfish

Figure 5-23 Preference curve for duration of floodplain inundation of the sooty grunter and black catfish

Figure 5-24 Preference curve for flood magnitude of the sooty grunter and black catfish

Chapter 5 Asset analysis and results: Functional groups and species | 113

Figure 5-25 Preference curve for movement timing of the Hyrtl’s tandan

Figure 5-26 Preference curve for duration of floodplain inundation of the Hyrtl’s tandan

Figure 5-27 Preference curve for flood magnitude of the Hyrtl’s tandan

5.2.2

RESULTS

Mitchell catchment
Migratory fish were assessed at nodes 9190090, 9190110 and 9193090 for water harvesting
scenarios (Scenario B–WH) and 9190090, 9190092, 9190111 and 9190030 for dam scenarios
(Scenario B–D).
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This analysis showed a substantial decline in habitat of migratory fish. Increasing volumes of flow
extraction in the water harvesting scenarios display the greatest change, with the change in
habitat increasing with greater volumes of water extracted (Figure 5-28, Figure 5-29 Figure 5-30).
The modelled Pinnacles dam corresponds with a decline in habitat for the freshwater fish species
Hyrtl’s tandan, black catfish, sooty grunter and spangled perch at nodes 9190030 and 9190111
(Figure 5-31, Figure 5-32 Figure 5-33). The migratory fish most affected downstream of the
Pinnacles dam are the barramundi and Hyrtl’s tandan. Both these species are actively moving on
the decreasing flows of the wet season. Furthermore, spangled perch and Hyrtl’s tandan would be
using early wet-season flows to spawn and recruit prior to the arrival of young barramundi
(predators) during the year, and this would likely be thwarted to some extent by small or
moderate early wet-season rain if a dam was in place in this catchment.
The 9190090 node is important for migratory fish, as it connects to the floodplain and estuarine
habitats. With the cumulative addition of dams, there is potential for extensive changes in habitats
for migratory fish. At the end-of-system node (9190000), there are major shifts relevant to largebodied species, such as sawfish, barramundi and bull sharks.
Fitzroy catchment
Migratory fish were assessed at nodes 8020070 and 8020554 for water harvesting scenarios
(Scenario B–WH).
This analysis showed a decline in condition of migratory fish. These changes were minor to
moderate at the 8020070 node under LT pumping combined with extraction volumes at and above
1200 GL (Figure 5-34, Figure 5-35 and Figure 5-36). Declines at node 8020554 were minimal.
Darwin catchments
Migratory fish were assessed at nodes 81700050, 81700200, 81800351 and 81800354 for water
harvesting scenarios (Scenario B–WH). For potential dam scenarios (Scenario B–D), migratory fish
were assessed at nodes 81700001, 81700200, 81700050 and 81700020 in the Adelaide catchment
and nodes 81800001, 81800351 and 81800354 in the Mary catchment.
This analysis showed minimal change in condition of migratory fish under all water harvesting
scenarios at all nodes (Figure 5-37, Figure 5-38 Figure 5-39), with the exception of barramundi and
sawfish.
Under the dam scenarios, no change or very minor changes in condition were found within the
Adelaide catchment for all nodes, with the exception of node 81700020, which is at a modelled
dam site (Figure 5-40, Figure 5-41 Figure 5-42). Minor to moderate changes were found for
sawfish and barramundi at this node, suggesting the potential dam will have at least a localised
impact.
In the Mary catchment, an extreme change in the condition score for all migratory fish was found
at node 81800354, which is at the modelled Mary River dam site (Figure 5-43, Figure 5-44
Figure 5-45). The extreme change in the condition score indicates that this dam could potentially
have a substantial localised impact. The impact on migratory fish condition remains downstream
to node 81800351, but this change is moderated.
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Figure 5-28 Maximum condition scores of the spangled perch considering water harvesting scenarios at nodes
9190090, 9190110 and 9193090 in the Mitchell catchment
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Figure 5-29 Maximum condition scores of the sooty grunter and black catfish considering water harvesting
scenarios at nodes 9190090, 9190110 and 9193090 in the Mitchell catchment
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Figure 5-30 Maximum condition scores of the Hyrtl’s tandan considering water harvesting scenarios at nodes
9190090, 9190110 and 9193090 in the Mitchell catchment
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Figure 5-31 Maximum condition scores of the spangled perch considering dam scenarios at nodes 9190090,
9190092, 9190111 and 9190030 in the Mitchell catchment
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Figure 5-32 Maximum condition scores of the sooty grunter and black catfish considering dam scenarios at nodes
9190090, 9190092, 9190111 and 9190030 in the Mitchell catchment
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Figure 5-33 Maximum condition scores of the Hyrtl’s tandan considering dam scenarios at nodes 9190090, 9190092,
9190111 and 9190030 in the Mitchell catchment
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Figure 5-34 Maximum condition scores of the spangled perch considering water harvesting scenarios at nodes
8020070 and 8020554 in the Fitzroy catchment
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Figure 5-35 Maximum condition scores of the sooty grunter and black catfish considering water harvesting
scenarios at nodes 8020070 and 8020554 in the Fitzroy catchment
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Figure 5-36 Maximum condition scores of the Hyrtl’s tandan considering water harvesting scenarios at nodes
8020070 and 8020554 in the Fitzroy catchment
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Figure 5-37 Maximum condition scores of the spangled perch considering water harvesting scenarios at nodes
81700050 and 81700200 in the Adelaide catchment and 81800351 and 81800354 in the Mary catchment
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Figure 5-38 Maximum condition scores of the sooty grunter and black catfish considering water harvesting
scenarios at nodes 81700050 and 81700200 in the Adelaide catchment and 81800351 and 81800354 in the Mary
catchment
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Figure 5-39 Maximum condition scores of the Hyrtl’s tandan considering water harvesting scenarios at nodes
81700050 and 81700200 in the Adelaide catchment and 81800351 and 81800354 in the Mary catchment
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Figure 5-40 Maximum condition scores of the spangled perch, considering dam scenarios at nodes 81700001,
81700200, 81700050 and 81700020 in the Adelaide catchment
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Figure 5-41 Maximum condition scores of the sooty grunter and black catfish, considering dam scenarios at nodes
81700001, 81700200, 81700050 and 81700020 in the Adelaide catchment
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Figure 5-42 Maximum condition scores of the Hyrtl’s tandan, considering dam scenarios at nodes 81700001,
81700200, 81700050 and 81700020 in the Adelaide catchment
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Figure 5-43 Maximum condition scores of the spangled perch, considering dam scenarios at nodes 81800001,
81800351 and 81800354 in the Mary catchment
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Figure 5-44 Maximum condition scores of the sooty grunter and black catfish, considering dam scenarios at nodes
81800001, 81800351 and 81800354 in the Mary catchment
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Figure 5-45 Maximum condition scores of the Hyrtl’s tandan, considering dam scenarios at nodes 81800001,
81800351 and 81800354 in the Mary catchment

5.2.3

SYNTHESIS OF CHANGES

Migratory fish are likely to be highly sensitive to the addition of dams. Dams compromise the
movement of fish, preventing access to distant or adjacent habitats (Roscoe and Hinch, 2010). The
modelled dams in the Mitchell and Darwin catchments have localised impacts on migratory fish,
acting as a barrier to movement within the river channel. The impacts will affect fish populations,
particularly as the species affected are top predatory species, which structure fish communities.
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5.2.4

LIMITATIONS

The following limitations are acknowledged:
• The movement of many of these species has not been studied.
• While information is primarily based on research in northern Australia, there will be some error
in transferring habitat and flow preferences between catchments.
• Preference curves are based on published information; there is still uncertainty in the
preferences of fish species.
• This analysis assumes there are no installations of fishways.

5.3

Species: Magpie goose

5.3.1

METHOD AND APPLICATION

Similarly to the wetland connectivity analysis, the magpie goose inundation analysis was based
upon inundation modelling from a two-dimensional hydrodynamic model (Karim et al., 2018). The
method and results for the magpie goose focus on the Darwin catchments, with the analysis
undertaken for the two hydrodynamic zones in this catchment. For zone 1 in the Darwin
catchments, a small (AEP 1 in 3) and large (AEP 1 in 14) flood event were modelled. While in zone
2 an AEP 1 in 2 and an AEP 1 in 10 were modelled. This was done for the climate and development
scenarios described in Section 2.1.3. The output was a time series of inundation extents (Karim et
al., 2018). Magpie goose observation records in the Darwin catchments are used as an indication
of habitat for the species. The inundation extents were overlayed with the occurrence records to
determine the proportion of the likely usable habitat was inundated for each timestep. For the
flood events, different scenarios where modelled. The change in inundation is expressed as a level
of change in potentially suitable habitat for the magpie goose.

5.3.2

SYNTHESIS OF CHANGES

The Darwin catchments contain highly significant populations of the magpie goose (Anseranas
semipalmata). The magpie goose breeding and foraging habitat consists of sub-coastal wetlands
where, during the wet season, magpie geese make nests from emergent vegetation. Years with
high wet-season rainfall and flooding are associated with increases in both nesting success and
dry-season survival of magpie geese. The inputs to this analysis are from inundation modelling
within the Darwin catchments as per the companion report on flood mapping and modelling
(Karim et al., 2018).
Under Scenario A, the Adelaide, Mary and Wildman catchments had 28% of magpie geese
observations inundated during a small flood event (Figure 5-46) and 36% during a large flood
event (Figure 5-48). With the potential Upper Adelaide River dam, the observations of magpie
geese inundated were reduced, 28% and 33% for small and large flood events, respectively
(Table 5-3). Under Scenario Ddry a further decrease was observed, with 14% and 29% of historical
observations inundated during small and large flood events, respectively. These changes suggest
minor impacts to magpie geese populations under Scenario B (Adelaide River dam). Results for the
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Finniss catchment were similar but with the potential for moderate impacts associated with the
potential McKinlay dam development (Table 5-3).

Figure 5-46 Flood extent and percentage of magpie goose observations in the inundated area for a small annual
flood event (AEP 1 in 3) for Scenario A

Figure 5-47 Flood extent and percentage of magpie goose observations in the inundated area for a small annual
flood event (AEP 1 in 3) for Scenario B-D
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Figure 5-48 Flood extent and percentage of magpie goose observations in the inundated area for a large annual
flood event (AEP 1 in 14) for Scenario A

Figure 5-49 Flood extent and percentage of magpie goose observations in the inundated area for a large annual
flood event (AEP 1 in 14) for Scenario B-D
Table 5-3 Maximum percentage of magpie goose observations in the inundated area under the different scenarios
in each of the two inundation zones for the Darwin catchments.
Table shows results for two AEPs in each of two zones. AEP = annual exceedance probability.
SCENARIO

MAXIMUM PERCENTAGE OF MAGPIE GOOSE
OBSERVATIONS INUNDATED FOR ZONE 1
(%)

MAXIMUM PERCENTAGE OF MAGPIE GOOSE
OBSERVATIONS INUNDATED FOR ZONE 2
(%)

AEP 1 in 3

AEP 1 in 14

AEP 1 in 2

AEP 1 in 10

(2001)

(2006)

(2006)

(2014)

Scenario A

28.24

36.44

40.16

59.84

Scenario B-D

27.90

33.40

31.97

56.56

Scenario Cwet

28.72

39.74

41.80

63.11

Scenario Cdry

16.43

29.74

34.43

56.56

Scenario Dwet

17.87

37.46

33.61

57.38

Scenario Ddry

14.49

29.43

27.87

52.46
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5.3.3

LIMITATIONS

While this analysis shows the impact development and climate scenarios have on floodplain
wetlands used by magpie geese some caveats and limitations on this analysis are as follows:
• The inundation modelling results were limited to one model run per AEP per scenario, with
models limited to a 40 day model period, due in part, to the computational time needed to run
the model. Additional model runs, which would include a longer modelling period and larger
AEP, would allow an understanding of the impact of larger flood events. Further discussion
about limitations and further development of the inundation modelling can be found in Karim et
al. (2018).
• Alternative water sources, such as rainwater and access to groundwater, may also affect the
inundation of wetlands.
• Retention of water on the floodplain may persist beyond the modelled period. Water retention
is poorly captured within the duration of the inundation model.
• Magpie goose observations are a composite from different data sources, which include transects
conducted over multiple years. Magpie goose habitat use is likely to shift between and within
years in response to environmental and habitat conditions. Observations are likely to occur
outside of areas considered as key habitat.
• Multiple drivers affect the habitat use of magpie goose. Historic habitat use may not be
consistent with current habitat suitability. Consideration should be made regarding weed
invasion reducing the value of magpie goose habitat.
• Other threatening process are likely to occur in association with development, including shifts in
habitat use and resource availability with farm development. This could potentially include
negative interactions associated with crop protection and changes in access for geese harvest.

5.4

Species: Barramundi

Barramundi (L. calcarifer) are a sub-set of the migratory fish, and a species of commercial and
recreational significance. Timing and maximum peak height of flow are important triggers for
movement of fish in the wet season. The life history of the barramundi has a strong reliance on
river flow to provide access to different habitats at various life stages. Within the first year of life,
barramundi larvae use high summer flows to access floodplain habitats for rearing (Russell and
Garrett, 1985). Subsequently, adult individuals that move into freshwater reaches move
downstream to the estuary to spawn, requiring longitudinal connectivity across the river network,
which is provided by higher flows (Walther et al., 2011).

5.4.1

METHOD AND APPLICATION

This analysis investigates the influence of flow change on the response of barramundi. The
response of barramundi to flow change is investigated using a hydrometric assessment (reported
in Section 3) and a preference curve approach. Preference curves are used to evaluate the changes
in condition of barramundi in response to alternative scenarios of change, as overviewed in
Section 2 and expanded upon here.
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Evidence base
This assessment is informed by long-term data collected from the commercial fishery of the
Mitchell River estuary, managed by Queensland Department of Agriculture and Fisheries (QDAF,
2017). Other knowledge sources are studies of barramundi in northern Australian catchments
(Crook et al., 2017; Halliday et al., 2010). Further evidence underpinning this assessment can be
found in the migratory fish section (Section 5.2 and Table 5-2).
Application of the preference curve analysis
Building on the hydrometric analysis in Section 3, further analysis was completed at selected
assessment nodes. Nodes were selected where there were high mapped occurrences of
barramundi. This analysis used a preference curve approach to assess changes in condition score
(Section 2).
Reproduction, migration and growth of barramundi are strongly associated with the annual
monsoon season. Different life stages of barramundi migrate into different habitats within a
catchment. They spawn in nearshore marine waters, often at the mouth of estuaries during the
late dry season and early wet season (spanning September to February). Timing is strongly
associated with the onset of monsoons. Estuaries and riverine habitats are critical for juvenile and
early-adult barramundi. Their populations are very dependent on dynamic estuaries and
freshwater environments transformed and created by monsoon-driven inputs. After several years,
barramundi migrate downstream back to estuaries as adults, again timed with monsoon floods.
This analysis considered change in timing of flows (Figure 5-50), duration of flow peaks
(Figure 5-51) and magnitude of flows (Figure 5-52), as these are of significance to barramundi for
several reasons. Changes in habitat of barramundi are described as changes in spawning,
recruitment and migration rates.

Figure 5-50 Preference curve for movement timing of the barramundi
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Figure 5-51 Preference curve for the duration of floodplain inundation of the barramundi

Figure 5-52 Preference curve for flood magnitude of the barramundi

5.4.2

RESULTS

Mitchell catchment
Barramundi were assessed at nodes 9190090, 9190110 and 9193090 for water harvesting
scenarios (Scenario B–WH) and 9190090, 9190092, 9190111 and 9190030 for dam scenarios
(Scenario B–D).
This analysis showed moderate to major declines in condition of barramundi under water
harvesting scenarios (Figure 5-53). Increasing volumes of flow extraction in the water harvesting
scenarios display the greatest change, with the change in condition increasing with greater
volumes of water extracted. The decrease in the condition scores of barramundi with increasing
water extraction indicates the potential to affect the populations of barramundi over time.
Under potential dam scenarios, minor to major changes in condition are found at all nodes
(Figure 5-54). The addition of the potential Pinnacles dam in the Mitchell catchment corresponds
with a substantial decline in habitat at nodes 9190111 and 9190030. This suggests the addition of
this potential dam will have a major impact on barramundi habitat and act as a barrier to
movement.
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Fitzroy catchment
Barramundi were assessed at nodes 8020070 and 8020554 for water harvesting scenarios
(Scenario B–WH).
This analysis showed a minor to moderate decline in condition of barramundi under water
harvesting scenarios at all nodes (Figure 5-55). Under Scenario B-WH at each node, the condition
score of barramundi declined with increasing water extraction. This has the potential to impact
the populations of barramundi over time.
Darwin catchments
Barramundi were assessed at nodes 81700050, 81700200, 81800351 and 81800354 for water
harvesting scenarios (Scenario B–WH). For potential dam scenarios (Scenario B–D) barramundi
were assessed at nodes 81700001, 81700200, 81700050 and 81700020 in the Adelaide catchment
and nodes 81800001, 81800351 and 81800354 in the Mary catchment.
This analysis showed minor to moderate decline in condition of barramundi under water
harvesting scenarios at all nodes (Figure 5-56).
The addition of the Upper Adelaide dam in the Adelaide catchment corresponds with a major
decline in habitat at gauge 81700020, which is located on the Upper Adelaide dam site
(Figure 5-57). This suggests that this dam will have at least a localised impact. This dam is likely to
compromise the movement of barramundi, preventing access to distant or adjacent habitats
(Roscoe and Hinch, 2010). The addition of the Mary River dam results in an extreme decline in
condition at gauge 81800354, with the change continuing downstream to gauge 81800351 and to
the end-of-system gauge 81800001 (Figure 5-58). Extreme changes would result in the habitat for
barramundi no longer being suitable.
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Figure 5-53 Maximum condition scores of the barramundi considering water harvesting scenarios at nodes 9190090,
9190110 and 9193090 in the Mitchell catchment
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Figure 5-54 Maximum condition scores of the barramundi considering dam scenarios at nodes 9190090, 9190092,
9190111 and 9190030 in the Mitchell catchment
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Figure 5-55 Maximum condition scores of the barramundi considering water harvesting scenarios at nodes 8020070
and 8020554 in the Fitzroy catchment
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Figure 5-56 Maximum condition scores of the barramundi considering water harvesting scenarios at nodes
81700050 and 81700200 in the Adelaide catchment and 81800351 and 81800354 in the Mary catchment

144 | Ecological assets in northern Australia: asset analysis

Figure 5-57 Maximum condition scores of the barramundi, considering dam scenarios at nodes 81700001,
81700200, 81700050 and 81700020 in the Adelaide catchment
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Figure 5-58 Maximum condition scores of the barramundi, considering dam scenarios at nodes 81800001, 81800351
and 81800354 in the Mary catchment

5.4.3

SYNTHESIS OF CHANGES

Barramundi were the most sensitive fish species to potential modelled dams. Barramundi are
highly reliant on the connectivity of river system to access a variety of habitats throughout their
life cycle. Estuaries and riverine habitats are critical for juvenile and early-adult barramundi. Their
populations are very dependent on dynamic estuaries and freshwater environments transformed
and created by monsoon-driven inputs. Potential dam scenarios act as a barrier to movement of
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barramundi within a catchment. The impacts will affect barramundi populations, particularly as
the species affected are top predatory species, which structure fish communities.

5.4.4

LIMITATIONS

The following limitations are acknowledged:
• The movement of barramundi is well studied in northern Australia, yet there will be some error
in transferring habitat and flow preferences between catchments.
• Preference curves are based on published information; there is still uncertainty in the
preferences of barramundi.
• This analysis assumes there are no installations of fishways.

5.5

Species: Sawfish

The threatened freshwater (or largetooth) sawfish (P. pristis) currently occupies the Mitchell,
Fitzroy and Darwin catchments. It is listed as vulnerable in the Commonwealth’s Environment
Protection and Biodiversity Conservation Act 1999 (EPBC Act) and as critically endangered by the
International Union for Conservation of Nature. Given the EPBC Act listing, any potential action
that is likely to have a significant impact on their populations or habitat may require an
environmental impact assessment.
Historically, the freshwater sawfish occurred on the west coast of Australia, in the NT and in
Queensland, including on the east coast. The prospect of inchannel barriers along migration routes
and in the lowlands of catchments poses a threat to the passage of migratory fishes, including the
freshwater sawfish. The freshwater sawfish has a marine adult phase, while the juvenile phase is
in freshwater or saline environments (Morgan et al., 2016; Peverell, 2005). Pupping occurs in
estuaries and river mouths (Last and Stevens, 2009) and juveniles and adults occupy large pools
and waterholes, mostly in the main channel of larger rivers (Morgan et al., 2004; Peverell, 2005).

5.5.1

METHOD AND APPLICATION

This analysis investigates the influence of hydrological change on the response of sawfish in the
Assessment area. This analysis is transferrable to another elasmobranch, the bull shark (C. leucas).
The direct relationship between surface water hydrology, the recruitment of neonate largetooth
sawfish into the catchment, and the threatened status of this species make it a strong candidate
for exploring the potential impacts of water resource development (Morgan et al., 2016). In the
dry season, the availability of surface water including shallow glides and pool margins in the main
channel underlies the growth and survivorship of largetooth sawfish in waterholes and is key night
and day habitat for neonates (Whitty et al., 2017; Whitty et al., 2009).
Evidence base
This assessment is informed by long-term data collected from the largetooth sawfish nursery in
the Fitzroy catchment. The majority of data are from catch records within the main channel
(Morgan et al., 2016; Whitty et al., 2017). Other knowledge sources are telemetry investigations of
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juvenile freshwater sawfish movement in the Fitzroy River (Whitty et al., 2017; Whitty et al., 2009)
and similar preliminary investigation of bull shark movement (Laolada, 2015). Further evidence
underpinning this assessment can be found in Section 5.2 and Table 5-2.
Application of the preference curve analysis
Building on the hydrometric analysis in Section 3, further analysis was completed at selected
assessment nodes. Nodes were selected where there were high mapped occurrences of sawfish.
This analysis used a preference curve approach to assess changes in condition score (Section 2).
This analysis considered change in the timing of flows (Figure 5-59), duration of flow peaks
(Figure 5-60) and magnitude of flows (Figure 5-61), as these are of significance to sawfish for
several reasons. Changes in habitat of sawfish are described as changes in spawning, recruitment
and migration rates.

Figure 5-59 Preference curve for movement timing of the sawfish and bull shark

Figure 5-60 Preference curve for the duration of floodplain inundation of the sawfish and bull shark
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Figure 5-61 Preference curve for flood magnitude of the sawfish and bull shark

5.5.2

RESULTS

Mitchell catchment
Sawfish were assessed at nodes 9190090, 9190110 and 9193090 for water harvesting scenarios
(Scenario B–WH) and 9190090, 9190092, 9190111 and 9190030 for dam scenarios (Scenario B–D).
The low-volume water harvesting scenarios had minimal impacts on sawfish. In contrast, highextraction water harvesting scenarios would potentially have an impact on sawfish, with minor to
moderate changes being observed at all assessment nodes (Figure 5-62).
Under potential dam scenarios, minimal changes are found at all nodes except 9190111 and
9190030 (Figure 5-63). The addition of the potential Pinnacles dam in the Mitchell catchment
corresponds with a substantial decline in habitat at nodes 9190111 and 9190030. This suggests the
addition of this potential dam will have a major impact on sawfish habitat and act as a barrier to
movement.
Fitzroy catchment
Sawfish were assessed at nodes 8020070 and 8020554 for water harvesting scenarios (Scenario B–
WH).
This analysis showed minor to moderate declines in condition for sawfish at all nodes
(Figure 5-64). Increasing volumes of flow extraction in the water harvesting scenarios have the
greatest change, with the change in condition increasing with greater volumes of water extracted.
The decrease in habitat condition for sawfish was proportional to the annual flow extracted. These
changes have the potential to reduce sawfish populations over time.
Camballin Barrage, in the mid-section of the Fitzroy catchment, has a major role in determining
fish migrations in the catchment, which is mediated by the flow regime. Any reductions in floods in
the wet season would affect passage of sawfish over this barrier.
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Darwin catchments
Sawfish were assessed at nodes 81700050, 81700200, 81800351 and 81800354 for water
harvesting scenarios (Scenario B–WH). For potential dam scenarios (Scenario B–D), sawfish were
assessed at nodes 81700001, 81700200, 81700050 and 81700020 in the Adelaide catchment and
nodes 81800001, 81800351 and 81800354 in the Mary catchment.
This analysis showed minor to moderate changes in condition of sawfish under water harvesting
scenarios at assessment nodes (Figure 5-65).
Under the dam scenarios, no change or very minor changes in condition score were found within
the Adelaide catchment for all nodes (Figure 5-66). In the Mary catchment, a major change in the
condition score of sawfish was found for node 81800354, located on the Mary River dam site
(Figure 5-67). The major change in condition score indicates that the potential Mary River dam will
have a large localised impact. With the addition of dams, juvenile sawfish would be limited in their
ability to migrate upstream to freshwater waterhole and billabong habitats. This would reduce the
movement of sawfish throughout the catchments.
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Figure 5-62 Maximum condition scores of the sawfish, considering water harvesting scenarios at nodes 9190090,
9190110 and 9193090 in the Mitchell catchment
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Figure 5-63 Maximum condition scores of the sawfish, considering dam scenarios at nodes 9190090, 9190092,
9190111 and 9190030 in the Mitchell catchment
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Figure 5-64 Maximum condition scores of the sawfish, considering water harvesting scenarios at nodes 8020070 and
8020554 in the Fitzroy catchment

Chapter 5 Asset analysis and results: Functional groups and species | 153

Figure 5-65 Maximum condition scores of the sawfish, considering water harvesting scenarios at nodes 81700050
and 81700200 in the Adelaide catchment and 81800351 and 81800354 in the Mary catchment
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Figure 5-66 Maximum condition scores of the sawfish, considering dam scenarios at nodes 81700001, 81700200,
81700050 and 81700020 in the Adelaide catchment
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Figure 5-67 Maximum condition scores of the sawfish, considering dam scenarios at nodes 81800001, 81800351 and
81800354 in the Mary catchment

5.5.3

SYNTHESIS OF CHANGES

Similar to barramundi, sawfish were highly sensitive to potential modelled dams. Changes to flow
have the potential to negatively affect sawfish, particularly when confined to pools during the dry
season. This would result in reduced access to foraging habitat in adjoining shallow water glides
and sandbars, and could reduce oxygenation of waterholes, particularly late in the dry season
(Morgan et al., 2016; Whitty et al., 2017). Flow changes in the wet season would affect neonates
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that are migrating or attempting to migrate upstream in the mid and upper catchment areas. This
has the potential to decrease the survivorship of young sawfish, with a reduction in upstream
migration through shallow sections of river. Sawfish are a top predatory species, the impacts on
which are likely to have additional effects on fish community structures.

5.5.4

LIMITATIONS

The following limitations are acknowledged:
• There is limited information on sawfish movement besides some studies in the Fitzroy
catchment.
• While information is primarily based on research in northern Australia, there will be some error
in transferring habitat and flow preferences between catchments.
• Preference curves are based on published information; there is still uncertainty in the
preferences of sawfish.
• This analysis assumes there are no installations of fishways.

5.6

Commercial species: Barramundi (Mitchell catchment only)

Previous research has shown that barramundi catch per unit effort (CPUE) has a strong
relationship to summer flows (Halliday et al., 2012; Staunton-Smith et al., 2004). In addition to
fishery-dependent data, statistically significant relationships to the flow regime have been shown
for ecological data for barramundi (Stewart‐Koster et al., 2011). The goal of this assessment is to
quantify relationships between barramundi fishery catch and hydrological metrics that quantify
different facets of the flow regime in the Mitchell catchment and make predictions under different
climate scenarios.

5.6.1

METHOD AND APPLICATION

Response data
The data used in the analysis are annual CPUE from the Queensland barramundi fishery in the
Mitchell River, from 1989 to 2015, provided by the Queensland Department of Agriculture and
Fisheries. Locations for catch data associated with Mitchell River outflows were chosen in
discussion with Queensland fisheries staff and include 30-minute reporting grids AB13, AB14,
AC13, AC14, AC12 and AB12. The fishing season runs from February to October. The annual catch
is recorded as total kilograms of fish caught over the season, and effort is recorded as the number
of days fished for the season. The CPUE data were log transformed for the analysis.
Hydrological predictors and climate and water harvesting scenarios
A range of hydrological metrics were calculated from daily modelled end-of-system flow data for
the Mitchell River (Section 3). A sub-set of metrics was chosen for use as predictors in statistical
models. The chosen metrics covered a range of key components of the hydrological regime,
including the magnitude, timing and duration of both low and high-flow events (Table 5-4). A
range of candidate hydrological metrics was selected following discussions with experts from the
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Queensland Department of Agriculture and Fisheries to identify key aspects of the flow regime
that were likely relevant to the catch rates of the barramundi fishery.
The best fitting model was then applied to a range of scenarios of climate change and water
resource development that included potential dam additions (Scenario B–D) and water harvesting
(Scenario B–WH) throughout the Mitchell catchment. Subsequently, the potential impact of these
scenarios on the barramundi fishery was evaluated.
Table 5-4 Hydrological metrics used in the statistical model for barramundi catch
ASPECT OF
HYDROLOGICAL REGIME

HYDROLOGICAL METRIC

DESCRIPTION

Magnitude and timing

Total summer flows

Sum of total discharge of flows from December–March, inclusive

Total winter flows

Sum of total discharge of flows from April–August

Mean winter flows

Mean daily flow from April–August

Low-flow duration

Duration of flows across the year below the 25th percentile of flow

High-flow duration

Duration of high flows across the year above the 75th percentile of flow

Rate of rise

The mean rate of rise during high-flow events across the year

Rate of fall

The mean rate of fall of the declining arm of flow events across the year

Duration

Rate of change

Statistical methods
A generalised linear model (with a gamma error distribution and an inverse link function) was used
to relate barramundi CPUE to the candidate hydrological metrics using the R statistical
environment (R Development Core Team, 2014). Cross-correlation was used to identify any
statistically significant relationships between the hydrological response variable and hydrological
metrics with 1+ year lag. All combinations of variables were tested, with the best fitting model
selected via Akaike information criterion (AIC), using the glmulti package (Calcagno and de
Mazancourt, 2010).
A trend term was included in the model to account for any linear increase in fishing power. This
term also served to remove a temporal trend from the residuals that was otherwise present.
Consequently, the model had the form:

where:

yi = β0 + β1 Ti + β2 X1 + ⋯ + βk X k + εi
εi ~Γ(α, σ)

yi is the barramundi CPUE (tonnes/fishing days) for the ith year
β0 is the intercept term of the model
Ti is the trend term accounting for linear increases in fishing power over time
β1 is the regression coefficient associated with the trend term
Xk is the kth hydrological metric
βk is the regression coefficient associated with the kth hydrological metric
εi is the residual for the ith year
α and σ are the parameters of the gamma error distribution (shape and scale).
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After fitting the statistical model to historical conditions, the final model was applied to altered
historical flow records according to different climate scenarios, dam construction and water
harvesting to identify potential impacts of flow alteration.

5.6.2

RESULTS

Mitchell catchment
Model selection and climate change scenarios (Scenario C)
There was a range of different lag times for the different hydrological metrics where the
statistically significant cross correlations were strongest, ranging from no lag to 2 years
(Figure 5-68). Consequently, the candidate metrics tested for the best fitting model included no
lag for total summer flows, rate of rise and fall and the trend term. A lag of 2 years was used for
mean daily and total winter flows. No lag was also used for low-flow and high-flow duration,
neither of which exhibited a strong correlation to lag. With these candidate metrics, the best
fitting model included the trend term and total summer flows (Table 5-5). The model identified a
significant positive relationship between total summer flows and CPUE and had a pseudo r2 of 0.71
(Figure 5-69).

Figure 5-68 Cross-correlation analyses of each of the candidate hydrological metrics
Dashed lines show the 95% significance level.
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Figure 5-69 Observed catch per unit effort (CPUE) plotted against the fitted values under the model
The model had a pseudo r2 of 0.71.

The predicted CPUE under each climate scenario showed considerable interannual variability that
followed the fitted values under the model (Figure 5-70). There was a very slight increase in mean
CPUE over the history of the fishery under the wetter scenarios (<1%) and a small decrease in the
mean CPUE under the dry scenario (Table 5-6). While different years showed considerable
decrease in predicted CPUE, such as the late 1990s, there was generally a large overlap in the 95%
confidence intervals across all scenarios (Figure 5-70).
Table 5-5 Regression coefficients from the best fitting model of barramundi catch per unit effort
COEFFICIENTS

ESTIMATE

(Intercept)

P-VALUE

0.0091

< 2e-16

–0.0027

0.00047

7.68 x 10-06

–1.629 x 10-09

4.245 x 10-10

0.00079

Trend
Total summer flows

STD. ERROR

0.59

Table 5-6 Mean catch per unit effort (CPUE), standard deviation (SD), and standard error (SE) across the time series
under each of the climate scenarios for the Mitchell catchment
CLIMATE

MEAN

SD

SE

CHANGE FROM
OBSERVED CPUE

SCENARIO

Observed CPUE

1.912

0.121

0.023

–

Baseline

1.912

0.102

0.02

0

Dry

1.883

0.09

0.017

–1.49%

Mid

1.913

0.102

0.02

+0.08%

Wet

1.92

0.107

0.021

+0.45%
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Figure 5-70 Predicted catch per unit effort (CPUE) over the full record of the fishery, under three alternative climate
scenarios
Observed CPUE is represented by the solid black line.

Dam scenarios (Scenario B–D)
There were only minor differences in total summer flows among the different scenarios for dam
construction. All scenarios were very highly correlated, exhibiting pairwise correlations above
0.99. Consequently, there was limited predicted impact on the CPUE had those dams been in
operation for the history of the fishery (Table 5-7, Figure 5-71). Given the cumulative nature of the
scenarios (each subsequent scenario including the dams of those preceding it), there is a very
small sequential reduction in CPUE (all less than 1.5%, Table 5-7). Nonetheless, the predicted CPUE
for each dam construction scenario lies within the uncertainty envelopes of all other scenarios
(Figure 5-71).
Table 5-7 Mean catch per unit effort (CPUE), standard deviation (SD), and standard error (SE) across the time series
under each of the cumulative dam scenarios for the Mitchell catchment
Dams are listed in order of cumulative storage volume.
CUMULATIVE DAM SCENARIO

MEAN

SD

SE

CHANGE FROM
OBSERVED CPUE

Observed CPUE

1.914

0.123

0.024

–

Mitchell02

1.903

0.102

0.02

–0.57%

1.9

0.101

0.02

–0.75%

Palmer01

1.897

0.101

0.02

–0.92%

Lynd03

1.894

0.1

0.02

–1.07%

WalshRiver03_step4

1.893

0.1

0.02

–1.1%

ElizabethCreek01

1.892

0.1

0.02

–1.16%

WalshRiver01_step6

1.892

0.1

0.02

–1.16%

WalshRiver04
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Figure 5-71 Predicted catch per unit effort (CPUE) over the full record of the fishery, under the scenarios of
cumulative dam construction.
Observed CPUE is represented by the solid black line.

Water harvesting scenarios (Scenario B–WH)
Similar to the dam construction scenarios, the various water harvesting scenarios also had limited
effect on total summer flows, with the lowest pairwise correlation among scenarios being 0.98
and some above 0.99. These relatively small differences in total summer flows were predicted to
have led to correspondingly small differences in predicted CPUE over the history of the fishery
(Table 5-8, Figure 5-72). Similar to the results for the dam scenarios, the predicted CPUE for each
water harvesting scenarios lies within the uncertainty envelopes of all other scenarios
(Figure 5-72), with mean differences over the history of the fishery all below 2% (Table 5-8).
Table 5-8 Mean catch per unit effort (CPUE), standard deviation (SD), and standard error (SE) across the time series
under each of the water harvesting scenarios for the Mitchell catchment
Note differences in mean CPUE exist beyond the third decimal place for some years.
WATER HARVESTING SCENARIO

MEAN

SD

SE

CHANGE FROM
OBSERVED CPUE

Observed CPUE

1.914

0.123

0.024

0%

A_Alloc300_Thres_2.315_Rate_5_Days

1.909

0.104

0.02

–0.29%

B_Alloc300_Thres_2.315_Rate_30_Day

1.909

0.104

0.02

–0.3%

C_Alloc300_Thres_20.835_Rate_5_Days

1.909

0.103

0.02

–0.3%

D_Alloc300_Thres_20.835_Rate_30_Days

1.909

0.103

0.02

–0.31%

E_Alloc6000_Thres_2.315_Rate_5_Days

1.884

0.097

0.019

–1.61%

F_Alloc6000_Thres_2.315_Rate_30_Days

1.884

0.097

0.019

–1.57%

G_Alloc6000_Thres_20.835_Rate_5_Days

1.884

0.096

0.019

–1.58%

H_Alloc6000_Thres_20.835_Rate_30_Days

1.885

0.097

0.019

–1.54%
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Figure 5-72 Predicted catch per unit effort (CPUE) over the full record of the fishery, under the different scenarios of
water harvesting
Observed CPUE is represented by the solid black line.

The wild capture barramundi fishery of the Mitchell River (and other Gulf of Carpentaria rivers) is
an important commercial fishery in Queensland (Campbell et al., 2017). Analyses showed that
total summer river flow was the most important aspect of river flow for barramundi CPUE (there is
generally higher CPUE in years with higher total summer flows). When applied to historical river
flows altered by scenarios of climate change, potential water harvesting and dam construction,
the risk of climate change and high levels of water harvesting would have posed the greatest
threat to catch rates over the life of the fishery. While the mean predicted change was fairly
modest, there were specific years in which the changes would have been quite substantial,
particularly under climate change, such as the late 1990s (Figure 5-70).
Despite consisting of data only from the Mitchell catchment, these results are consistent with
previous analyses of barramundi fishery catch in this study area (Halliday et al., 2012) and other
parts of Queensland (Robins et al., 2005; Staunton-Smith et al., 2004), which showed a significant
relationship to summer flows. If future hydrological alteration is to occur in the dry season, it may
not have substantial impacts on fishery catch. However, such alteration would likely affect
ecological aspects of barramundi life history that are not captured in fishery-dependent data.
Analyses of ecological data have identified relationships to other flow metrics (Stewart‐Koster et
al., 2011), and additional work, such as movement studies, should shed light on the potential
impacts of dry-season hydrological alteration and the potential flow-on effects to fishery catch.

5.6.3

LIMITATIONS

The goal of this analysis was to predict how catch within the fishery would have been affected if
historical flows had been altered under the given scenarios. As such, extrapolation into future
flows was not undertaken. The inclusion of a trend term ensured the model incorporated an
estimate for change in catch through time that was not due to hydrology. Instead, this term can be
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attributed to trend changes in fishing power, as well as accounting for temporal autocorrelation.
As such, predictions under alternative flow scenarios over the history of the fishery are made,
given a certain level of historical fishing power. Under current levels of fishing power, there may
be a greater differentiation among catch predictions then the historical record revealed. While
that was not the goal of the current analysis, it would be a way to predict outcomes under future
altered flows should extrapolation be desired. However, due consideration of the risks of
extrapolation would need to be considered.
While there was limited predicted impact from altered flows due to dam construction and water
harvest, it is important to recognise that there are likely to be other impacts on the barramundi
fishery from the construction of dams due to the potential impacts on connectivity. As a large
proportion of barramundi populations are known to undertake large-scale movements (see Pollino
et al. (2018)), interrupting these migrations through the construction of dams and other
infrastructure to facilitate water harvesting may lead to a significant impact on the population,
and subsequently the fishery, despite not altering the volume of total summer flows. Further
research, such as that being conducted under the Northern Australia Environmental Resources
Hub under the National Environmental Science Program, which integrates other aspects of
barramundi life history, will be necessary to quantify additional pathways of impact of water
resource development of the Mitchell catchment.

5.7

Commercial species: White banana prawn

This quantitative analysis investigates the influence of hydrology on white banana prawn (WBP)
catch in the Mitchell and Darwin catchments. WBP are an ideal species to investigate the potential
impacts of water resource development and hydrological alteration, given the strong historical
mechanistic relationships observed between rainfall and WBP catch (Staples and Vance, 1986;
Vance et al., 2003; Vance et al., 1985). Riverine hydrology influences various life stages of WBP, as
well as survival, recruitment and subsequent fishery catches.

5.7.1

METHOD AND APPLICATION

Response
Standardised CPUE was calculated from grid level (6 nautical mile) monthly catch and effort log
book data obtained for 1975 to 2015. Catch data were aggregated to annual time steps due to the
strong seasonality of fishing catch and effort when the fishery is operating, which is primarily April
to June (Barwick, 2013). Yearly effort was standardised to account for changes in fishing power
based on research from Zhou et al. (2014), who estimated a 2.6% yearly power increase in the
WBP fishing fleet using data from 1987 to 2011. Hence, a 2.6% power increase was applied to
standardise effort across the entire time series such that fishing efficiency was one in 1987.
Hydrological predictors
Daily modelled end-of-system flow data (described in Section 2) were used to calculate a suite of
hydrological metrics to use as predictors in statistical models. The metrics covered a range of key
components of the hydrological regime, including the magnitude, timing and duration of both low
and high-flow events (Table 5-9).
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Metrics were selected based on the conceptual model (described in Pollino et al. (2018)), along
with previous literature. Metrics were calculated at annual time steps to match the resolution of
the catch data.
Table 5-9 List of hydrological metrics considered in the analysis
Metrics are categorised by the aspect of the hydrological regime and were selected based on previous research and a
conceptual model of the white banana prawn life cycle (described in Pollino et al. (2018)).
ASPECT OF
HYDROLOGICAL
REGIME

HYDROLOGICAL METRIC

DESCRIPTION

Magnitude and
timing

medAnMaxQrelativeToMeanAn
DailyQ

Median of the highest annual daily flow divided by the mean annual
daily flow averaged across all years

meanQ01

Mean flow during January

meanQ02

Mean flow during February

prevmeanQ08

Mean flow in August of previous year

prevmeanQ09

Mean flow in September of previous year

prevmeanQ10

Mean flow in October of previous year

prevmeanQ11

Mean flow in November of previous year

seasonMeanQ1

Mean flow during hydrological season including Jan, Feb, Mar

seasonMeanQ2

Mean flow during hydrological season including Apr, May, Jun

PrevseasonMeanQ3

Mean flow during previous hydrological season including Jul, Aug, Sep

PrevseasonMeanQ4

Mean flow during previous hydrological season including Oct, Nov,
Dec

exceedQ10

Mean of the 10th percentile from the flow duration curve divided by
mean daily flow

exceedQ1

Mean of the 1st percentile from the flow duration curve divided by
mean daily flow

prevlowQDuration99

Low-flow pulse duration (99th percentile) of previous year

prevlowQDuration90

Low-flow pulse duration (90th percentile) of previous year

prevmeanAnMinMov30

Annual minima of 30-day means of daily discharge of previous year

prevmeanAnMinMov7

Annual minima of 7-day means of daily discharge of previous year

meanAnMaxMov7

Annual maxima of 7-day means of daily discharge

meanAnMaxMov30

Annual maxima of 30-day means of daily discharge

highQduration10

High-flow pulse duration (10th percentile)

Duration

Spatial influence of hydrology on white banana prawn catch (Mitchell catchment only)
Understanding the spatial extent over which riverine hydrology can influence fishery catch is key
to understanding the potential impacts of hydrological alteration. If the influence of hydrology is
over or under attributed to a particular river, for example, the predicted impacts of altered
hydrological regimes may over or under estimate how fishery catches respond to novel conditions.
WBP catches from zones 8 and 9 are in close spatial proximity to the coastline. Hence, catch data
in the Mitchell catchment were aggregated at five different spatial scales (Table 5-10) to
investigate the spatial extent to which the Mitchell River end-of-system flows influence WBP
catches. Standardised CPUE was calculated for each spatially aggregated catch dataset, and each
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of the five datasets were individually tested as the hydrological response variable in the statistical
models.
Statistical methods
Generalised linear models were fit to quantify how components of the hydrological regime
influence WBP catch. A Gamma distribution and with log-link was specified to constrain model
predictions above zero. All statistical analyses were conducted using R statistical software (R
Development Core Team, 2014). Models were fit in the following form with the only predictors in
the model being hydrological metrics:
yi = β0 + β1 X1 + ⋯ βk X k + εi
εi ~Γ(α, σ)

where:

yi is the WBP CPUE (tons/fishing days) for the ith year
β0 is the intercept term of the model
βk is the regression coefficient associated with the kth hydrological metric
Xk is the kth hydrological metric
εi is the residual for the ith year
α and σ are the parameters of the gamma error distribution (shape and scale).
Predictors were checked for collinearity using Spearman’s Rank correlation coefficient, and only
variables with a coefficient <0.6 were included together in models. All possible model
combinations were then fit using the R package MuMIn (Barton, 2013). Model selection was based
on Akaike information criterion and predictive power (pseudo r2). Using the model that explained
the most variation in catch, each of the modelled hydrological scenarios were fit to the baseline
model to predict and quantify potential changes in CPUE in the WBP fishery for each of the three
study areas.
Table 5-10 The five spatial zones used to aggregate catch data to test in statistical models
SPATIAL AGGREGATION EXTENT

DESCRIPTION

Mouth_50

All catch within a 50 km radius from the mouth of the Mitchell River main stem

Mouth_100

All catch within a 100 km radius from the mouth of the Mitchell River main stem

Mitch_50

All catch within a 50 km radius from the edge of the Mitchell catchment boundary (includes
Karumba statistical study area)

Mitch_100

All catch within a 50 km radius from the edge of the Mitchell catchment boundary (includes
Karumba statistical study area)

Mitchell

All catch from the Mitchell statistical catch study area
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5.7.2

RESULTS

Mitchell catchment
Hydrological metrics
The best fitting model included the hydrological metrics ‘highQduration10’ and ‘exceedQ1’
(Table 5-11) and explained around 25% of the variability in CPUE, as indicated by a pseudo r2 value
of 0.25. The selected metrics represent aspects of both the duration and magnitude of high-flow
events, though especially the larger flows as indicated by the 10th and 1st percentiles. This
indicates that multiple aspects of the wet-season hydrological regime are important to the WBP
fishery in the Mitchell catchment. This best fitting model was used to predict WBP CPUE under a
range of climate, dam, and water extraction scenarios in the Mitchell catchment.
Table 5-11 Model coefficients for the best fitting model for the Mitchell catchment
COEFFICIENTS

(Intercept)

ESTIMATE

STD. ERROR

–7.138 x

10-01

1.505 x

T VALUE

PR (>|T|)

10-01

–4.742

2.96 x 10-05 ***

ExceedQ1

5.013 x 10-07

2.047 x 10-07

2.449

0.0191 *

highDurationQ10

2.630 x 10-02

1.283 x 10-02

2.049

0.0474 *

Spatial influence of hydrology on white banana prawn catch
Model results indicated that the strongest spatial relationship between WBP CPUE and
hydrological metrics occurred when attributing catches within a 100 km radius of the Mitchell
catchment boundary (Mitch_100 – note that this also included catches from the Karumba
statistical study area) (Table 5-12). Models based on distance from the mouth of the main Mitchell
River outflow had greatly reduced predictive capacity compared with models based on the
Mitchell catchment boundaries. This indicates that there is likely a significant spatial component to
the relationship between WBP catch and hydrology. However, complete spatial analyses are
beyond the scope of this report.
Table 5-12 Model performance for each of the spatial aggregation extents of white banana prawn catch
The best model as indicated by the adjusted r2 value is Mitch_100 (indicated in bold).
SPATIAL AGGREGATION EXTENT

PSEUDO R2

Mouth_50

0.138

Mouth_100

0.175

Mitch_50

0.236

Mitch_100

0.250

Mitchell

0.108

Climate scenarios (Scenario C)
Changes in WBP CPUE were predicted under a range of modelled climate scenarios (described in
Section 2.1.3). The predicted CPUE under each climate scenario demonstrated high annual
variability and significant overlap in the 95% prediction intervals (Figure 5-73). However,
calculating and comparing the mean CPUE across the time series for each hydrological scenario
provided evidence to suggest a positive relationship between increased flow and WBP CPUE. For
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example, mean CPUE decreased around 1.7% under the ‘dry’ scenario (Scenario Cdry) compared
to observed values, while mean CPUE increased between 3.15 and 5.3% under the ‘wet’ (Scenario
Cwet) and ‘mid’ (Scenario Cmid) scenarios respectively (Table 5-13). The variability in model
predictions was not unexpected, as catches within the Northern Prawn Fishery can be highly
stochastic in nature in response to a range of local and regional-scale climate and environmental
variables, such as oceanic currents and extreme weather events. Hydrology was only able to
explain around 25% of the variance in the modelled relationship (Table 5-11), suggesting that
other variables affecting the distribution, growth and survival of WBP were not captured in this
analysis.

Figure 5-73 Predicted white banana prawn catch per unit effort (CPUE) through time for each of the modelled
climate scenarios for the Mitchell catchment
Shaded regions are 95% prediction intervals based on the best performing model.
Table 5-13 Mean catch per unit effort (CPUE), standard deviation (SD), and standard error (SE) across the time series
under each of the climate scenarios for the Mitchell catchment
CLIMATE

MEAN

SD

SE

CHANGE FROM
OBSERVED CPUE

SCENARIO

Observed CPUE

0.830

0.306

0.048

–

Scenario A

0.832

0.183

0.028

+0.24%

Dry (Scenario Cdry)

0.816

0.217

0.034

-1.69%

Mid (Scenario Cmid)

0.874

0.219

0.034

+5.30%

Wet (Scenario Cwet)

0.856

0.178

0.028

+3.13%

Dam scenarios (Scenario B–D)
The predicted change in WBP CPUE was modelled under seven potential cumulative dam scenarios
(described in Section 2.1.3) in the Mitchell catchment. Similar to the climate scenarios, there was
high variability around predicted WBP CPUE in the Mitchell catchment under these scenarios
(Figure 5-74).
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There was a general decline in predicted CPUE with the addition of each cumulative dam
(Table 5-14), as expected, with increased storage potentially reducing end-of-system flows.
However, mean CPUE predictions across the entire time series show that the cumulative effect of
all seven dams only appears to reduce mean predicted CPUE by around 3.5% (Table 5-14). This
finding is consistent with the expected changes to end-of-system flows, given the size of the
potential dams relative to the entire Mitchell catchment. In such a seasonal climate region, the
high magnitude end-of-system flows that are important to WBP (highQduration10 and exceedQ1)
during the wet season are unlikely to be significantly altered.

Figure 5-74 Predicted white banana prawn catch per unit effort (CPUE) through time for each of the modelled
cumulative dam scenarios for the Mitchell catchment
Shaded regions are 95% prediction intervals based on the best performing model.
Table 5-14 Mean catch per unit effort (CPUE), standard deviation (SD), and standard error (SE) across the time series
under each of the cumulative dam scenarios for the Mitchell catchment
Dams are listed in order of cumulative storage volume.
CUMULATIVE DAM SCENARIO

MEAN

SD

SE

CHANGE FROM
OBSERVED CPUE

Observed CPUE

0.822

0.301

0.048

-

Pinnacles dam site

0.823

0.164

0.026

+0.127%

Rookwood dam site

0.815

0.164

0.026

–0.871%

Palmer dam site

0.811

0.170

0.027

–1.326%

Lynd downstream dam site

0.800

0.146

0.023

–2.667%

Chillagoe dam site

0.795

0.144

0.023

–3.324%

Elizabeth Creek dam site

0.792

0.139

0.022

–3.661%

Nullinga dam site

0.793

0.141

0.022

–3.575%
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Water harvesting scenarios (Scenario B–WH)
In addition to climate and storage scenarios, WBP CPUE was modelled under eight potential water
extraction scenarios (described in Section 2.1.3). The eight scenarios represent combinations of
the highest and lowest system allocation, pump rate, and minimum extraction threshold (Scenario
B–WH–LT, Scenario B–WH–HT). Model predictions also demonstrated high interannual variability
under each of the potential scenarios (Figure 5-75), as well as comparable predicted changes in
WBP CPUE to both the climate and dam scenarios (Table 5-15).
Under the lowest water allocation harvest scenarios, the model predicted increases of between
2.4 and 4.2% in WBP catch (Table 5-15, A–D), while the highest water allocation scenarios
predicted decreases in catch of between 2 and 2.3% (Table 5-15, E–H). Allocation appeared to
have the greatest influence on catch, as changes in pump rate and the extraction threshold varied
less in comparable scenarios (Table 5-15).

Figure 5-75 Predicted white banana prawn catch per unit effort (CPUE) through time for each of the modelled water
harvesting scenarios for the Mitchell catchment
Shaded regions are 95% prediction intervals based on the best performing model.
Table 5-15 Mean catch per unit effort (CPUE), standard deviation (SD), and standard error (SE) across the time series
under each of the water harvesting scenarios for the Mitchell catchment
WATER HARVESTING SCENARIO

MEAN

SD

SE

CHANGE FROM
OBSERVED CPUE

Observed CPUE

0.822

0.301

0.048

-

A_Alloc300_Thres_2.315_Rate_30_Days

0.843

0.211

0.033

+2.454%

B_Alloc300_Thres_2.315_Rate_5_Day

0.858

0.228

0.036

+4.188%

C_Alloc300_Thres_20.835_Rate_30_Days

0.843

0.210

0.033

+2.494%

D_Alloc300_Thres_20.835_Rate_5_Days

0.846

0.211

0.033

+2.888%

E_Alloc6000_Thres_2.315_Rate_30_Days

0.805

0.235

0.037

-2.157%

F_Alloc6000_Thres_2.315_Rate_5_Days

0.803

0.240

0.038

-2.330%

G_Alloc6000_Thres_20.835_Rate_30_Days

0.806

0.234

0.037

-2.012%

H_Alloc6000_Thres_20.835_Rate_5_Days

0.805

0.243

0.038

-2.120%
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In the Mitchell catchment, models showed that WBP CPUE was positively related to the duration
and magnitude of high-flow events, such that higher and longer flows during the wet season led to
increased prawn catch. These results reinforce previous literature that has found strong positive
relationships between prawn abundance and flow (Staples and Vance, 1986; Vance et al., 1985).
Mechanistically, the duration of high-flow events appeared to be related to the inundation of salt
flats (Burford et al., 2016), where carbon and nitrogen production from photosynthesising algae
provide ample resources to the nearshore zone for recently immigrated juvenile and sub-adult
prawns.
Overall, it appears that WBP catches in the Mitchell catchment are likely to be minimally affected
by water resource development. However, hydrology was only able to explain around 25% of the
variance in the modelled relationship in the Mitchell catchment. Mean predicted changes in CPUE
under each of the climate, dam and water extraction scenarios were relatively small. The greatest
mean reductions in catch were seen under the dry climate scenario, dam scenarios, and highallocation water harvesting scenarios. Conversely, both the mid and wet climate scenarios
predicted increases in CPUE of 5.3 and 3.13%, respectively, while low-extraction water harvest
also appeared to predict a slight increase in CPUE.
Darwin catchments
Hydrological metrics
The best fitting model for the Darwin catchments included the hydrological metrics ‘exceedQ10’
and ‘prevmeanAnMinMov7’ (Table 5-16) and explained around 53% of the variability in CPUE, as
indicated by a pseudo r2 value of 0.529. These metrics represent aspects of both the duration and
magnitude of both low and high-flow events. The results indicate that changes to WBP catches in
the Darwin catchments are likely if flow alteration changes aspects of the hydrological regime in
both the wet and dry season, as both of these appear to be important to the WBP fishery. This
best fitting model was used to predict WBP CPUE under a range of climate, dam, and water
extraction scenarios in the Darwin catchments.
Table 5-16 Model coefficients for the best fitting model for the Darwin catchments
COEFFICIENTS

ESTIMATE

STD. ERROR

T VALUE

PR(>|T|)

(Intercept)

–1.820

ExceedQ10

5.517 x 10-06

1.076 x 10-06

5.128

7.43 x 10-06 ***

prevmeanAnMinMov7

7.001 x 10-03

2.475 x 10-03

2.828

0.0072144 **

1.509 x

10-01

–12.060

4.57 x 10-15 ***

Climate scenarios (Scenario C)
The Darwin catchments model (Figure 5-76) demonstrated much clearer responses to the
hydrological scenarios compared to the Mitchell catchment (Figure 5-73). While there was still
substantial variability in the model predictions, CPUE appears to be a respond strongly to each
climate scenario. The mean CPUE response across the time series for each climate scenario
provided much stronger evidence of a positive mechanistic relationship between increased flow
and WBP CPUE compared with the Mitchell catchment model. For example, the model predicted
that CPUE would decrease over 28% under the dry scenario (Scenario Cdry) compared with
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observed values, while CPUE increased over 14% under the wet scenario (Scenario Cwet)
(Table 5-17). Hydrology explained around 53% of the variance in the modelled relationship.

Figure 5-76 Predicted white banana prawn catch per unit effort (CPUE) through time for each of the modelled
climate scenarios for the Darwin catchments
Shaded regions are 95% prediction intervals based on the best performing model.
Table 5-17 Mean catch per unit effort (CPUE), standard deviation (SD), and standard error (SE) across the time series
under each of the climate scenarios for the Darwin catchments
CLIMATE

MEAN

SD

SE

SCENARIO

CHANGE FROM
OBSERVED CPUE

Observed CPUE

0.367

0.161

0.024

–

Scenario A

0.367

0.105

0.016

0.00%

Dry (Scenario Cdry)

0.264

0.050

0.008

–28.06%

Mid (Scenario Cmid)

0.365

0.107

0.016

–0.005%

Wet (Scenario Cwet)

0.419

0.137

0.021

+14.17%

Dam scenarios (Scenario B–D)
The predicted change in WBP CPUE was modelled under five potential cumulative dam scenarios
in the Darwin catchments. As with the climate scenarios, the model predictions demonstrated
clear responses to dam scenarios in the Darwin catchments (Figure 5-77). There were clear
declines in predicted WBP CPUE with the addition of each successive dam. The predicted changes
range from declines of 6.5 to 9.3% for the first three dam scenarios, while the addition of the
fourth and fifth dam resulted in a dramatic reduction in predictions of 26.9 and 29.8%,
respectively (Table 5-18).
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Figure 5-77 Predicted white banana prawn catch per unit effort (CPUE) through time for each of the modelled
cumulative dam scenarios for the Darwin catchments
Shaded regions are 95% prediction intervals based on the best performing model.
Table 5-18 Mean catch per unit effort (CPUE), standard deviation (SD), and standard error (SE) across the time series
under each of the cumulative dam scenarios for the Darwin catchments
CUMULATIVE DAM SCENARIO

MEAN

SD

SE

CHANGE FROM
OBSERVED CPUE

Observed CPUE

0.367

0.159

0.024

–

Mount Bennett dam site

0.343

0.086

0.013

–6.527%

Upper Adelaide dam site

0.334

0.082

0.012

–8.943%

Adelaide River offstream water storage

0.333

0.081

0.012

–9.305%

Mary River dam site

0.268

0.060

0.009

–26.938%

McKinley River dam site

0.257

0.055

0.008

–29.836%

Water harvesting scenarios (Scenario B–WH)
WBP CPUE was modelled under eight potential water harvesting scenarios in addition to climate
and storage scenarios. The eight scenarios represent combinations of the highest and lowest
system allocation, pump rate, and minimum extraction threshold (Scenario B–WH–LT, Scenario B–
WH–HT). Model predictions demonstrated comparable predicted changes in WBP CPUE under
both the climate and storage scenarios (Figure 5-78, Table 5-19).
Under the lowest water harvesting scenarios, the model predictions changes very little from
observed CPUE, with results ranging from increases in CPUE of 0.36% to decreases of 0.12%
(Table 5-19, A–D). The highest water harvesting scenarios predicted decreases in catch of between
13.9% and 14.6% (Table 5-19, E-H). Similar to the Mitchell catchment, allocation appeared to have
the greatest influence on catch, as changes in pump rate and the duration of pumping varied less
in comparable scenarios (Table 5-19).
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Figure 5-78 Predicted white banana prawn catch per unit effort (CPUE) through time for each of the modelled water
harvesting scenarios for the Darwin catchments
Shaded regions are 95% prediction intervals based on the best performing model.
Table 5-19 Mean catch per unit effort (CPUE), standard deviation (SD), and standard error (SE) across the time series
under each of the water harvesting scenarios for the Darwin catchments
WATER HARVESTING SCENARIO

MEAN

SD

SD

CHANGE FROM
OBSERVED CPUE

Observed CPUE

0.367

0.159

0.024

A_alloc_50_Thres_2.315_Rate_30Days

0.368

0.122

0.018

0.360%

B_alloc_50_Thres_2.315_Rate_5Days

0.368

0.123

0.018

0.338%

C_alloc_50_Thres_20.835_Rate_30Days

0.367

0.122

0.018

–0.123%

D_alloc_50_Thres_20.835_Rate_5Days

0.367

0.123

0.018

–0.108%

E_alloc_950_Thres_2.315_Rate_30Days

0.320

0.104

0.016

–14.559%

F_alloc_950_Thres_2.315_Rate_5Days

0.322

0.104

0.016

–14.151%

G_alloc_950_Thres_20.835_Rate_30Days

0.320

0.101

0.015

–14.647%

H_alloc_950_Thres_20.835_Rate_5Days

0.322

0.100

0.015

–13.991%

Results from the Darwin catchments found that prawn CPUE was positively related to both
hydrological metrics in both the wet and dry season: the magnitude of high-flow events and the
magnitude of previous season low flows. Previous work has indicated the importance of both low
and high-flow conditions to the WBP fishery (Duggan, 2012). The mechanisms underlying these
relationships are likely similar to the Mitchell catchment, whereby the magnitude of high-flow
events appeared to be related to the inundation of salt flats (Burford et al., 2016), where carbon
and nitrogen production from photosynthesising algae provide ample resources to the nearshore
zone for recently immigrated juvenile and sub-adult prawns. The positive relationship between
previous season low flows in the Darwin catchments is likely related to the enhancement of the
estuarine ecotone via a reduction in salinity levels. Hypersaline conditions can occur during the dry
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season with reduced baseflows, and can physiologically inhibit WBP growth (Staples and Heales,
1991), leading to reduced survival and subsequent fishery catches.
Prawn catches in the Darwin catchments appear to be significantly affected by water resource
development, as hydrology was able to explain around 50% of the variance in the modelled
relationship. Predicted reductions in CPUE up to a maximum of around 30% were seen under the
dry climate scenario and the most intensive dam scenario, while reductions of up to 15% were
seen in the water harvesting scenarios.

5.7.3

LIMITATIONS

The spatial influence of Mitchell River flows on CPUE was consistent with previous WBP
movement research. Previous tagging found recaptures at distances of up to 85 km away during
the fishing season (Lucas et al., 1979). However, the aggregations used in the current study may
not accurately represent the extent of the Mitchell River’s influence on catches within this zone,
and the influence of hydrology on prawn CPUE may be over or under attributed based on these
results. While investigating fine-scale spatial relationships was beyond the scope of this
assessment, future work may provide more precise information.
The identification of different hydrological metrics, and strengths of relationships between the
Darwin and Mitchell catchments, suggest that these results are regionally specific. This was not
unexpected, as previous studies on prawns in the Gulf of Carpentaria have found different
responses within the Gulf (Vance et al., 1985). This assessment has not focused on the
Fitzroy catchment, and due to the regionally specific responses, these results should not be
generalised to data-poor study areas, including the Fitzroy.
The high variance not explained by hydrology in the modelled relationship in the Mitchell
catchment suggests that other variables that affect the distribution, growth and survival of WBPs,
such as temperature, salinity, and food and habitat availability, were not captured in this
assessment and should be considered in future assessments. The variability in the model
predictions was not unexpected, as catches within the Northern Prawn Fishery can be highly
stochastic in nature in response to a range of local and regional-scale climate and environmental
variables, such as oceanic currents and extreme weather events. In addition, data in this analyses
was aggregated both spatially and temporally to match the resolution of hydrology data. Future
works investigating the fine-scale spatial and temporal relationships between prawn CPUE and
hydrology may prove to be useful, but were beyond the scope of this assessment.
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6

Synthesis

This section summarises the outcomes from the asset analysis. This is followed by an overview of
other threats to assets from potential water resource developments and agricultural
intensification, and a discussion of the potential impacts to systems.

6.1

Overview of project outcomes

Northern Australia is characterised by distinct wet and dry seasons, with significant year-to-year
variability in annual rainfall. Many rivers only flow during the wet season, and freshwater and
marine ecosystems have adapted to this seasonal variability. Changes in flow as a consequence of
new water resource developments have the potential to affect these ecosystems, depending upon
the location, scale and nature of regulation.
The asset analyses showed that different ecological assets had variable sensitivity to flow change.
The vulnerability of an asset to flow changes depended on its location in the catchment, the type
and size of the development considered, the volumes of water extracted and the timing of water
extraction.
Across all catchments, the following general findings were made:
• Surface water dams have the greatest impact immediately downstream of the storage. Changes
to flows are reduced at reaches towards the end-of-system, away from the dam.
• Dams affect the passage of migratory fish. This can change the structure of fish communities, as
many migratory fish are near the top of the trophic structure in riverine fish communities.
• Changes in dams can also affect the connectivity of waterholes in the dry season and wetlands in
the wet season, reducing available refugia and productivity.
• Changes in flow due to water harvesting tend to accumulate through the catchment, generating
the largest changes towards the end-of-system. Changes in flows are sensitive to greater
volumes of take and to pumping at low extraction thresholds.
• Modelled flow changes typically occur in the late dry season. This delays refreshing of
waterholes, affects the cues migratory fish rely on to trigger movement and spawning, and
reduces connectivity to important habitats, including coastal wetlands and salt flats.
Non-flow changes are important considerations for future developments. While not explored in
detail in this report, key points of consideration are as follows.
• Development has the potential to introduce additional nutrients, which can boost primary
production.
• This boost could increase the occurrence and spread of weeds, which are already established in
the Darwin catchments. Development can increase the establishment of weeds.
• Increases in primary productivity could also change the ecological state of the system, affecting
recreational and commercial fish species and coastal areas, including coral reefs.
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• Increased development and mosaics of development have the potential to fragment the
landscape. This could include the loss of corridors, which are critical for the movement of
terrestrial species.
• The changes resulting from development could also alter fire regimes, with drier areas
increasing the potential for fires to extend into areas not typically burnt.

6.1.1

DARWIN CATCHMENTS

The Darwin catchments encompass a variety of landscapes and ecosystems and large populations
of some of northern Australia’s most iconic wildlife species, such as saltwater crocodiles, magpie
geese and barramundi. The richness of biodiversity is attributed to the integrity, extent and
heterogeneity of its wetland habitats. The summary of findings for the Darwin catchments is given
below.
Finniss catchment
The potential Mt Bennett dam causes moderate impacts across all assets at the end of the
catchment. With increased volumes of extraction, water harvesting causes minor to moderate
changes.
Adelaide catchment
The potential Upper Adelaide dam has the greatest impact within the catchment. For some assets
downstream of the dam, there is a greater than 60% change in flows. This would have a major
impact on species and their flow habitats. Species likely to be affected include migratory fish, such
as inland barramundi and freshwater sawfish. Moderate impacts are possible for magpie geese,
riparian vegetation, waterholes and wetlands. The scale of changes decrease with proximity from
the dam, with minimal impacts to estuarine and coastal species. Water harvesting has the
potential to cause localised changes, resulting in perennial rivers becoming increasingly
ephemeral. These flow changes have moderate impacts on riparian vegetation and migratory fish,
including barramundi and sawfish.
Mary catchment
Changes in flow downstream of the potential Mary River dam result in localised catastrophic
impacts, with habitat and species loss. These impacts are modelled for migratory fish, including
barramundi and Hyrtl’s tandan, as well as wetlands and waterholes. Changes in flow decrease with
proximity from the dam, with changes in flow ranging from minor to moderate for estuarine and
coastal species. Water harvesting resulted in minor impacts to ecological assets.
Wildman catchment
While the monsoon forests within the Darwin catchments are susceptible to changes in water
regimes, especially soil water and groundwater, the watertable where the monsoon forests are
currently located is less than 10 m from the surface all year. This groundwater system is unlikely to
be significantly affected by water resource and agricultural development.
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6.1.2

MITCHELL CATCHMENT

The Mitchell catchment is largely intact in terms of the continuity of its plant and animal
communities and the ecological processes that underpin them. The highly seasonal flows underpin
river–floodplain productivity and provide critical habitats for species, including freshwater sawfish,
a barramundi fishery and the extensive Northern Prawn Fishery, one of Australia’s most valuable
fisheries. The catchments support significant wetland habitats where it discharges into the Gulf of
Carpentaria. The potential Pinnacles dam shows dramatic flow changes, with localised
catastrophic impacts on migratory fish, including sawfish and barramundi, and on waterhole
habitats. Downstream, these changes are moderated. The potential Rookwood dam shows major
impacts on assets. Cumulative impacts are major for the addition of the Chillagoe dam and
Elizabeth Creek dam on the Walsh River. The potential Lynd dam shows minor to moderate
changes. Dams are likely to affect the passage of migratory fish, although less so for sawfish where
dams are above their mapped ranges. However, flow changes downstream of dams affect the
habitat of sawfish. There are potential impacts on riparian zones due to potential dams. At the
end-of-system, changes as a consequence of dams range from no change to moderate changes.
Changes due to water harvesting increase with extraction volumes and lower extraction
thresholds, ranging from no change to moderate changes. Changes lead to more extended dry
periods through loss of small flow events. Cumulative changes at the gauge upstream of the endof-system extend from no change to major changes, for both dams and water harvesting. At the
bottom end of the catchment, there are changes in wetland connectivity.

6.1.3

FITZROY CATCHMENT

The Fitzroy catchment has three areas with wetlands of national significance: Geikie Gorge,
Camballin Floodplain and Gladstone Lake. Other notable habitats in the catchment are the Fitzroy
River estuary and nearby King Sound. The catchment supports 35 native fish species, of which 18
are endemic. Many of these fish are migratory, undertaking large-scale movements during their
life cycle. Of particular significance is the freshwater sawfish. It has been argued that the Fitzroy
catchment has the most successful known remaining remnant population of juvenile freshwater
sawfish in the world. There are no recorded aquatic invasive species in the catchment.
The greatest flow changes are at the end-of-system, with impacts on assets ranging from
moderate to major for the lower extraction threshold under water harvest scenarios. Changes
occurred across assets, including to waterholes, marine fish, migratory fish (e.g. barramundi and
sawfish) and crocodiles. Dry seasons have the potential to be extended, causing a loss of
connectivity to wetlands. These flow changes are likely to have an impact on nursery habitats, and
caused local-scale changes in connectivity to wetlands and waterholes. Changes within the
catchment due to water harvesting range from no change to minor changes, with only a few
instances of moderate changes.
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6.2

Other threats to aquatic assets

Changes to the flow regime pose a significant threat to both freshwater and marine environments.
In addition to changes in flow, a number of other processes can threaten these environments,
including changes to water quality, saltwater intrusion, and the introduction of invasive species.
Below, we discuss key threats and their potential impacts to freshwater and marine environments,
noting that these non-flow disturbances could also interact with each other, having additive and
synergistic outcomes beyond their interaction with flow (Doherty et al., 2015).

6.2.1

CATCHMENT-DERIVED CHANGES IN WATER QUALITY

Changes in water quality can result from increases in sediment loads and pollutants, including
pesticides and nutrients, which occur as a result of changes to land use (Brodie and Mitchell,
2005).
Australian streams typically have low nutrient levels, and northern Australian river systems are
likely to be sensitive to even small changes in nutrient loads (Douglas et al., 2005). Runoff from
agricultural developments, including from fertilisers and manure, can increase the nutrient load of
nearby waterways (Matson et al., 1997). When combined with increased light and elevated water
temperatures, higher nutrient loads are likely to lead to eutrophication and a significant increase
in primary production (Brodie and Mitchell, 2005; Douglas et al., 2005). In combination, this may
lead to a loss of submerged macrophytes. The effects of increased nutrient load would be most
apparent in the dry season, due to low flows and turbidity, resulting in higher concentrations of
nutrients and eutrophication (Douglas et al., 2005). Consequences of eutrophication include the
development of noxious algal blooms, odours and anoxic conditions, which can be lethal to
waterbirds and aquatic biota (Davis and Froend, 1999).
Wetlands in northern Australia can be affected by synergistic processes. For example, increased
nutrient inputs in areas surrounding intensive agriculture favour the establishment and growth of
exotic emergent grasses, such as para grass, and floating plants, such as water hyacinth. This can
drive phase changes in vegetation composition (Brodie and Mitchell, 2005). While northern
mangrove systems are predicted to be resilient to all but the most severe changes in nutrient
loads, much is unknown about how changes in nutrients might affect many other systems (Brodie
and Mitchell, 2005).
Temperature regimes in rivers have an important role in the health of aquatic ecosystems. Higher
water temperatures can occur as a consequence of thermal pollution, deforestation, flow
modification and climate change (Caissie, 2006). Temperature in aquatic systems influences a wide
range of biota, from invertebrates to fish, many of which have specific temperature preferences
that determine their distribution within the aquatic landscape. Water temperature also affects
survival and growth rates of biota, and habitat quality and rates of primary and secondary
production (Caissie, 2006).
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6.2.2

SALTWATER INTRUSION INTO FLOODPLAINS

Connectivity of freshwater and saline estuarine and coastal waters creates important habitats for
biota that are supported by boosts in primary productivity that coincide with high flows. Increased
saltwater intrusion would affect primary productivity in estuarine and freshwater environments,
with follow-on impacts on aquatic plants and animals. Brackish, floodplain and freshwater habitats
could also directly affect plants and animals.
Saltwater intrusion can occur via several mechanisms. The first is the extraction of freshwater
flows, which can result in increased salinisation of what would be typically brackish zones in
estuaries. The second and third mechanisms arise as a consequence of rising sea levels under a
changing climate. Due to their low elevation and geographical confinement, the tropical
floodplains of northern Australia are particularly susceptible to rising sea levels (Bartolo et al.,
2008) and saltwater intrusion (Catford et al., 2013). The third, related, mechanism is increased
saline groundwater intrusion.
Changes in freshwater flows in estuaries and coastal zones affect the spawning habitat and the
migration of fish (Nichols et al., 1986). Saltwater intrusion also kills and slows the growth of many
salt-intolerant plant species (Catford et al., 2013; Traill et al., 2010). Modelling studies (e.g.
Carretero et al., 2013) and some experimental work (e.g. Morgan et al., 2013) show that increased
saline groundwater intrusion should be expected with sea-level rise, with evidence reviewed by
Ketabchi et al. (2016). Observational evidence has demonstrated increased stressing of forest
vegetation associated with saline groundwater intrusion (Barbarella et al., 2015). Observed shifts
in mangrove distribution in the Gulf of Carpentaria have been attributed to sea-level rise and
climate change (Asbridge et al., 2016). In the Mary River wetlands, a transition from a saltintolerant, semi-aquatic vegetation community to a saline swamp and a salt-tolerant vegetation
community has already been observed (Mulrennan and Woodroffe, 1998). Invasive species,
including weeds and buffalo, can also drive changes in exchange between fresh and saline water
bodies by choking wetlands and causing erosion, respectively.

6.2.3

INTRODUCTION AND ESTABLISHMENT OF INVASIVE AQUATIC WEEDS AND
ANIMALS

Invasive species reshape the function and composition of ecosystems, and have social and
economic consequences (Doherty et al., 2015). Water resource development could confound
existing established invasive species, facilitating their spread and establishment across landscapes
(Bunn and Arthington, 2002). Development in catchments could also increase the likelihood of
exotic species introductions (Olden et al., 2008). Currently, the Fitzroy catchment has no aquatic
introduced species, but this could change with development.
Disturbance associated with land use change and physical infrastructure can promote the
establishment of exotic species by disrupting environmental conditions (Olden et al., 2008). In
combination with climate change, development is likely to facilitate both the proliferation and
persistence of exotic pasture grasses, such as para grass (Brachiaria mutica). The spread of firetolerant para grass increases dry-season fuel loads and alters fire regimes (Douglas and O’Connor,
2004). An altered fire regime facilitates the spread of para grass by contributing to a positive
feedback loop of fire and grass invasion (Douglas and O’Connor, 2004). The spread of para grass
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also actively displaces native plant species and degrades instream habitat by trapping sediment
and channelising flows (Pusey and Arthington, 2003), reducing channel capacity and creating
anoxic waters. This can harm fish (Humphrey et al., 2016), and potentially the magpie goose.
Invasive aquatic weeds, such as salvinia (Salvinia molesta), giant sensitive tree (Mimosa pigra) and
olive hymenachne (Hymenachne amplexicaulis), are already present in the aquatic environments
of northern Australia. These have several negative impacts on habitat and water quality, such as
reducing water flows, blocking waterways and altering and competing with native plants species
for available habitat. Increased connectivity also allows water-borne seeds of invasive weeds to be
dispersed more widely. Invasive fauna have also already had a negative impact on wetlands and
floodplains; for example, feral pigs and buffaloes graze on aquatic vegetation and accelerate local
erosion (Humphrey et al., 2016). Changes to the flow regime, including waterhole and wetland
connectivity, are likely to increase the impact of these invasive species.
Tilapia also occur in parts of the Gulf of Carpentaria, changing community competition and
predation (Humphrey et al., 2016). Tilapia were recently found within the Mitchell catchment,
specifically within the Walsh River. They are a highly invasive fish species that quickly establish and
dominate aquatic habitats, due to their highly efficient reproductive strategy, simple food
requirements and ability to live in a variety of conditions. The combined effects of water resource
development and climate change, such as increased nutrient inputs, proliferation of invasive
weeds such as para grass, and increased water temperatures, could further increase the spread of
tilapia.

6.2.4

COMMUNITY CHANGES THROUGH LOSS OF SPECIES

Community-mediated threats are a consequence of changes in composition of communities,
changing trophic structures, habitat use and food webs (Doherty et al., 2015). Community changes
occur when a habitat is no longer suitable for a species, or a loss of connectivity between isolated
populations results in local extinctions. The loss of top predators, such as sawfish or barramundi,
would change the community composition of rivers. Change in the community composition could
also increase the vulnerability of native species to invasive predators (Chapin Iii et al., 2000).

6.2.5

INTERACTION OF THREATENING PROCESSES

The disturbances listed in the section are only some of those posing a significant threat to both
freshwater and marine environments. The threats can also interact, both with each other, and
with an altered flow regime, having additive and synergistic outcomes (Doherty et al., 2015). An
example of how threats interact is a change in land use to increase grazing, which results in an
increase in invasive species; as a consequence, this can alter the fire regime as described in
Section 6.2.3. When disturbances interact, they not only increase the likelihood of each one
occurring, but can also increase the intensity and spatial distribution of both fires and invasive
species (Foster et al., 2016). These multiple disturbances, along with their interactions, are
important aspects of biodiversity conservation (Foster et al., 2016).
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6.3

System-scale change

Several important processes drive the ecology of northern Australia. These processes act
differently from those in southern Australian systems, and result in some unique tropical and subtropical ecosystems across the top of the continent. All the rivers included in this report are
influenced by the dominant system drivers of rainfall patterns, temperature, fire and
anthropogenic (human-influenced) disturbances, including development.

6.3.1

RAINFALL PATTERNS

The availability of water in the landscape is probably the greatest driver of aquatic and terrestrial
ecosystems in northern Australia. These wetting and drying cycles are driven by the regional
monsoonal climate, with the majority of rainfall and runoff occurring during the summer period
from November to April (accounting for 95% of annual totals) (CSIRO, 2009). Therefore, water
availability can be divided into the wet season, when water is abundant, and the dry season, when
water is scarce. The spatial and temporal variation of this rainfall in these systems means that on
average, rainfall is higher and more reliable than in other regions of Australia. River flows during
the wet season drive many of the processes outlined, from fish biology and wetland productivity
to fire and grass production. It is likely that the largest rainfall periods resulting in the biggest
floods, which may not occur every year, are critical to many species in these tropical ecosystems.
The dry-season, or winter months, are equally as important as the wet season, especially for
terrestrial systems. During the dry season, the abundant water from the wet season continues to
be lost from the system through streamflow and high evapotranspiration rates. This is effectively
an annual drought, where many rivers and creeks cease to flow, many ephemeral wetlands dry
out and soil water moisture, critical for trees, shrubs and grasses, becomes limited, creating ideal
conditions for intense fires.

6.3.2

TEMPERATURE AND FIRE

Northern Australia is hot, with both high annual mean and high extreme temperatures. While
there has been some research into the thermal tolerances of some aquatic species (Caissie, 2006),
there is limited understanding on how changing thermal regimes in the tropics will influence biota
in this area. This is especially important in the face of increasing temperatures as a consequence of
climate change, which increases the occurrence and severity of extreme heatwave conditions
(CSIRO, 2007).
Fires in northern Australia are frequent and extensive (Russell-Smith et al., 1997). Increasing
periods of drought will increase the potential for fires and will have a significant effect on plant
communities. The intensity of fires increases with the duration of the dry period, and significantly
effects the structure of plant communities (Williams et al., 1999), potentially favouring the
occurrence of introduced invasive plant species (D’Antonio, 2000; Hogenbirk and Wein, 1991). The
frequency and intensity of fires has a significant impact on the ecology of tropical regions,
influencing carbon stocks and greenhouse gases, nutrient fluxes, water quality and terrestrial
habitat and vegetation, especially in riparian zones (Williams et al., 1999).
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6.3.3

LOCAL AND REGIONAL DEVELOPMENT

The effect of development on natural systems can be either local or regional. Localised impact
may only affect small areas, but may be critical, resulting in significant change to that area.
Examples of localised change caused by water resource development include the timing of
cease-to-flow of springs or seeps, which influences the biota reliant on that water. Localised
impacts also include declines in water quality as a result of feral animals and stream bank
disturbance leading to erosion, increased sediment loads and poor water quality.
These changes in flows may reduce landscape connectivity, which in turn influences the ability of
animals to move within the landscape, often reducing the amount and quality of available habitats
required to maintain viable populations. At the other extreme is the potential for increased
connectivity through roads, which could result in the spread of weeds and cause changes in fuel
loads and fire. These latter examples represent the slower regional change that may take place as
a result of development. Other examples include reduced season flows for whole rivers, damage
to riparian habitats and removal of instream structures. All of these factors can directly influence
populations over larger areas, or in the case of predator populations, indirectly.
The case studies in the Assessment have only considered the ecological impacts of an individual
development. If multiple developments were undertaken, the additive impact and changes to
ecological process of these combined developments would require further consideration.
Additionally, changing climates are already influencing key ecosystem drivers, such as fire regime
and water availability, cyclone occurrence and strength, increased temperatures and evaporation,
and the spread of feral animals and pest plant species. Therefore, no future prediction is likely to
be accurate without assessing potential impacts under changed climate conditions.
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