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1 Introduction
1.1

Background

The Queensland Government, through the Department of Natural Resources, Mines and Energy,
is reviewing the Water Plan (Moonie) 2003 (herein referred to as the plan). The water planning
process is prescribed in the Water Act 2000.
A water plan is a framework for the sustainable management of water. It defines water availability,
priorities of water use, management strategies, performance indicators, and monitoring and
reporting requirements that apply over the life of the plan.
A key objective of the planning process is to find an acceptable balance between existing water
users, the environment, and potential future water users by providing for ecologically sustainable
water extraction. The plan’s strategies for managing and allocating water are designed to maintain
ecosystem health by providing the necessary water requirements to sustain the dependent
ecosystems, including both surface water and groundwater dependent ecosystems.

1.2

Purpose of the ecological risk assessment

This report assesses the ecological risk of water resource development associated with the plan. A
comprehensive review of information and knowledge relating to the critical flow requirements of
ecological assets, expressed in terms of facets of the flow or groundwater regime, forms the basis
of the assessment. The analysis uses an ecological risk assessment modelling approach based on
daily time series flow outputs from the eWater Source Model for different water resource scenarios.
This document describes the critical flow requirements, assessment and measurement end points,
and thresholds of concern identified for each of the prioritised ecological assets in the plan area,
along with the methods and supporting information used to derive these.

1.3 Murray-Darling Basin Plan requirements
The Basin Plan is an adaptive management framework that has been drafted by the MurrayDarling Basin Authority (MDBA) to provide a coordinated approach to managing water resources
across the four member states and territory in the Murray-Darling Basin (MDB).
The Basin Plan sets out the requirements for the Basin States to prepare a water resource plan for
each of its plan areas. The water resource plan sets out the rules and arrangements relating to
issues such as annual limits on water take, environmental water, managing water during extreme
events and strategies to achieve water quality standards and manage risks. A risk assessment is
the first step in the development of a water resource plan.
Chapter 10, Part 9 of the Basin Plan (Approaches to addressing risk to water resources) outlines
how Basin States must undertake risk assessments as well as the MDBA’s associated
accreditation requirements. Risk assessments must:


Be prepared having regard to current and future risks to the condition and continued availability
of the water resources of the water plan area;



Risks to the capacity to meet environmental watering requirements;



Risks arising from potential interception activities; and
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Risks arising from elevated levels of salinity or other types of water quality degradation.

Further, section 10.41 requires that the risk assessment:


Lists and assesses each identified risk;



Defines the risk level of each risk (low, medium or high); and



Describes any quantified uncertainties in the level of risk attributed to each risk.

When identifying risks, Queensland is obligated under section 10.41(3) of the Basin Plan to have
regard to the risks to the condition, or continued availability, of Basin water resources listed in
section 4.02 of the Basin Plan. These are:


Insufficient water available for the environment;



Water being of a quality that is unsuitable for use; and



Poor health of water dependent ecosystems.

This report considers all relevant environmental risks prescribed by the Basin Plan and used a
methodology consistent with its requirements, including defining the level of risk and documenting
uncertainties (section 10.41).
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2 Methods
2.1

General approach

The assessment uses an ecohydrologic modelling approach, based on the principles of ecological
risk assessment (ERA) to assess the risk to ecosystem components, processes, and services from
the plan (McGregor et al. 2017). In summary, the assessment focusses on ecological assets that:


represent the ecological values of the plan area;



are dependent on aspects of the flow or groundwater regime; and



are vulnerable to the types of flow or groundwater alteration and water management reflected
in the plan.

The assessment uses a desktop modelling approach, drawing on existing information and
knowledge on the ecological values of the plan area, as well as relevant flow-ecology information
in the broader scientific domain.

2.2

Representation of flow dependent ecosystem components,
processes and services using ecological assets

Predicting potential ecological responses to altered flow regimes is complicated by interactions
between the flow and ecosystem components/processes at multiple scales. This is further
confounded by effects of non-flow related stressors present in the system (i.e. land use, toxicants,
etc.). Consequently, general measures of ecological responses to managed flow regimes are
rarely observed (Kennard et al. 2009; Poff & Zimmerman 2010). To deal with this uncertainty, a
practical approach for managing flow regimes for ecological outcomes requires identifying and
partitioning the critical flow dependencies of ecosystem components and processes, and
consideration of their specific water requirements over time.
These components, processes, and services are effectively indicators of the effects of flow
modification and therefore, broadly representative of the ecosystem response. Known as
ecological assets, they are a subset of the water-dependent ecosystem components and
processes within the plan area. They are also highly valued components of the ecosystem for
which aspects of the flow regime (i.e. duration, timing, variability, predictability, magnitude, rate of
rise and fall) are critical to support their long term viability. Ecological assets may be a species, a
group of species, a biological function, an ecosystem, or a place of natural value. They occur in the
area of interest, have an aspect(s) of life history or process requirement critically linked to the flow
regime, and are sensitive to the nature of flow regime alteration relevant to the area of interest. As
indicators, ecological assets are chosen to represent all flow components relevant to water
management (Bunn & Arthington 2002).
Each plan area contains a unique set of ecological assets and related ecological outcomes.
Consequently, ecological assets selected for each plan area will differ across the state.
Additionally, the flow requirements of a specific ecological asset may also vary between plan areas
due to the different eco-hydrologic settings that characterise each basin. The risk to ecological
assets from water resource development represented by the plan is the focus of the environmental
assessment process.
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2.3
2.3.1

Risk-based ecohydrological approach
Ecological asset identification and determining flow requirements

Ecological assets were selected following a comprehensive review of available data and
information in the peer reviewed scientific literature, grey literature sources, government
databases, and through consultation with relevant technical experts (DNRM 2017). Ecological
assets were categorised as either surface water or groundwater dependent. They have been
chosen based on:


their vulnerability to water resource development and links to both the ecological outcomes and
objectives in the current plan and ROP; and



the Murray-Darling Basin Plan criteria and principles.

As the environmental assessment uses an ecohydrologic modelling approach to assess the risk to
ecological assets from water resource development, only those assets with sufficiently detailed
knowledge on their flow-ecology requirements (expressed in terms of facets of the flow regime, i.e.
magnitude, timing, frequency and duration, rate of change and variability) and supporting habitat
data (in terms of waterhole bathymetry, stream cross sectional areas, etc.) are candidates for
detailed quantitative risk analysis. A detailed review of the scientific literature and consultation with
relevant technical experts was conducted for each of the candidate ecological assets. This
information was distilled into discrete aspects of the flow regime with respect to location, timing,
magnitude, duration, frequency, habitat features and associated water quality attributes where
relevant. This expression of flow regime facets that support critical life history or process events,
forms the basis for determining how the managed flow regime alters the provision of these
opportunities over time, and hence represents a risk to the assets’ long term viability (DNRM
2017).
Terrestrial floodplain vegetation has previously been identified as an ecological asset within water
plan areas in the region; however, investigations by the Queensland Government (Marshall et al.
2011) have suggested that understanding of the flow requirements of Coolabah (Eucalyptus
coolabah) in the region were insufficient to set a reasonable watering threshold and showed that, in
some cases, floodplain terrestrial vegetation asset species persisted through periods without
flooding much longer than their published tolerance thresholds. This led to a recommendation for
further knowledge gathering on vegetation water use in the area. An initial review (Holloway et al.
2013) identified the potential role of groundwater in maintaining the current populations of these
species, and subsequently led to on-going investigations in the Lower Balonne area.
The resulting study uses multiple lines of evidence, from both site based field investigations,
including isotopic comparison of different water sources and direct measurement of tree water use,
as well as remote sensing at the larger scale to establish correlations between trends in vegetation
condition and rainfall and flooding history. Results from this study have so far indicated that asset
tree species are utilising groundwater in certain locations, and that a relatively wide distribution of
terrestrial vegetation patches across the floodplain are likely to be dependent on shallow aquifers
(Senior et al. 2016). In other locations on the Lower Balonne floodplain the variation in condition of
existing coolabah trees has been shown to be better correlated with climate variables such as
rainfall and evaporation, than with flooding. This suggests that survival of existing populations may
be independent of flooding, and has modified our understanding of the assumed dependencies of
these vegetation communities on overbank flow events. As a result, while flooding may sometimes
provide a source of water to these floodplain vegetation species, a “critical link” to the flow regime
cannot be established and they are therefore not a suitable indicator for ecological risk modelling.
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2.3.2

Linkage with the Murray-Darling Basin Plan key environmental assets

The ecological assets selected for the environmental assessment of the plan differ from the key
environmental assets selected for the Basin Plan. Environmental assets are defined in the Basin
Plan as:
"The physical parts of the Murray-Darling River system which provide habitat for the plants,
animals, fish, invertebrates and microbes and combine to make the ecosystems of the
Basin. They comprise rivers, wetlands, floodplains, lakes and estuaries" (MDBA 2011).
The two types of assets are complementary but at different scales, with the basin plan
environmental assets essentially analogous to the physical environments that support water
resource plan ecological assets. The ecological assets selected for the water plan area utilise and
require access to physical parts of the Murray-Darling River system at appropriate times and
places to maintain viability or function. Assessment of the water plan using these assets will focus
on the processes by which flow regimes enable assets to utilise the river system.
Five assets were considered to have sufficient information to establish ecohydrologic rules and use
in the assessment (Table 1). Collectively they represent the plan ecological outcomes, and as a
suite, address the environmental asset and ecosystem function criteria set out in the Basin Plan.
Table 1 Ecological asset indicators used in the environmental assessment, their link to hydrology
and the outcomes of the plan

Ecological asset indicator

Indicator measurement
endpoint

Hydrological class

WRP ecological
outcomes, and
general outcomes
with an ecological
focus

Refuge waterholes

Frequency of waterhole
failures

No and low flow

9(d), 9(e) i, ii, iii, 9(f),
9(h)

Stable flow spawning fish

Spawning and recruitment
success of each species

Low flows

9(d), 9(e) ii, iii, 9(h)

Fluvial geomorphology and river
forming processes

Frequency and duration of
bankfull flow events

High flows

9(d), 9(e) i, iv, 9(f),
9(h)

Floodplain wetlands

Frequency and duration of
wetland inundation events

High and overbank
flows

9(d), 9(e) iii, 9(h)

Eastern snake-necked turtle

Frequency of high stress
events

No and overbank flows

9(d), 9(e) ii, iii, 9(h)
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2.3.3

Defining critical flow requirements (ecohydrologic rules)

The exposure analysis phase of the ERA uses information on the flow requirements of the
prioritised ecological assets to develop a time series of opportunities for each water resource
development scenario as it relates to a specific ecological response defined as the measurement
endpoint. The requirements of ecological assets in terms of aspects of the flow regime (e.g.
magnitude, duration, timing, rate of change) are defined and expressed as ecohydrologic rules. For
each ecological asset, best current scientific understanding is used to describe the nature of the
flow dependency by defining the flow related conditions needed to trigger an ecological response.
This understanding is used to formulate ecohydrologic rules which define an opportunity for the
ecological response in terms of facets of the flow regime. For example:
spawning trigger flow = X magnitude for Y period between T1–T2 time of the year
These ecohydrologic rules are then applied to a daily flow time series representing a water
resource development scenario to generate a time series of opportunities for the ecological
response. This likelihood, or exposure, data represents the probability of an ecological
asset/indicator experiencing the critical conditions required, when and where they are needed over
the assessment period.
2.3.4

Defining assessment endpoints

Assessment endpoints are used to explicitly define the environmental values of concern and
provide the focus for analysis and characterisation in ERAs (USEPA 1998). They can include
species and life stages, multiple levels of organisation, and numerous structural and functional
attributes. Assessment endpoints are those characteristics/attributes of the valued ecological entity
which are believed to be at risk (i.e. vulnerable). In this context the assessment endpoints are the
flow-dependent ecological components, processes, and services of the plan area. The assessment
endpoint has two components: (i) the entity: which is the valued aspect of the ecosystem
(ecological asset such as a fish, plant, turtle, waterhole, etc.); and (ii) the attribute of the entity-such
as abundance, fecundity, recruitment, extirpation, persistence, etc. Assessment endpoints are
generally estimated using measurement endpoints.
Measurement endpoints (also known as measures of effect) are expressions of observed, or
measured, responses to the stressor; a measurable characteristic that is related to the assessment
endpoint. Examples include measures of fecundity, recruitment and survival. Measurement
endpoints are derived via laboratory or field based observational studies that are used to estimate
the effects on an assessment endpoint or exposure to a stressor. Measurement endpoints are
typically the focus of the risk assessment and link the assessment endpoints to the risk
assessment. When an assessment endpoint can be directly measured, the measurement and
assessment endpoints are the same. In most cases, however, the assessment endpoint cannot be
directly measured, so a measurement endpoint (or a suite of measurement endpoints) is selected
that can be related, either qualitatively or quantitatively, to the assessment endpoint (USEPA
2003). For most of the species-based ecological assets considered in this assessment, the
measurement endpoints relate to spawning and recruitment opportunities linked to aspects of the
flow regime. Measurement endpoints for ecological process- and service-related ecological assets
vary; however, typically they relate to the provision of critical habitat, or the conditions which
support ecosystem structure and/or function.
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2.3.5

Defining thresholds of concern (ToCs)

The effects analysis phase of the ERA uses information on the consequence of altering the
provision of the critically-linked response to the long term viability of the ecological asset. Defining
what constitutes sufficient opportunities for an ecological response in order to maintain the viability
of an ecological asset remains a global knowledge gap in the scientific literature for a great many
flow dependent species and processes. The application of coarse hydrological metrics, such as
percentage of pre-development flow regime, oversimplifies the temporal hydrological sequence
experienced by the ecology. These statistics ignore the obvious relevance of timing and spell
durations, and do not adequately represent the complex interactions between the hydrology and
ecology (Poff et al. 2012; Davies et al. 2014). In this ERA flow context, consequence or effects
data is the characterisation of an adverse ecological effect or response. Consequence is the
impact on the valued attributes of an ecological asset/indicator of not providing the conditions it
requires.
Ideally, the definition of ‘sufficient opportunities’ is informed by response functions derived from
controlled observational or manipulation-based studies of flow-ecology interactions. In the absence
of widely applicable general response functions, best available science can be used to derive step
functions or thresholds, which represent critical change or failure points along a response gradient.
In this assessment, Thresholds of Concern (ToC) (after Rogers & Biggs 1999) are defined to
represent the frequency of opportunities required to protect asset viability. ToCs represent failure
points for the ecological asset and as such can be considered minimum water requirements.
Therefore, the probability of achieving a desired ecological outcome is directly related to meeting a
ToC over time. Where possible, ToCs are based on the biology or process knowledge of the asset.
In most cases, ToCs represent the known time species-based ecological assets will survive without
experiencing a flow-based opportunity (for responses related to maintenance and persistence
dependencies) or the reproductive life time of the asset (for responses related to regeneration and
recruitment dependencies). For those ecological assets without a clear life history basis for setting
a ToC, thresholds can be related to the frequency of opportunity provision modelled to occur under
the pre-development flow regime. Because even natural flow regimes are not without risk to
ecological assets, the risk from management scenarios will be considered relative to the risk from
the pre-development flow regime.
The process outlined above requires both a sound conceptual understanding of the flow dependent
ecological assets and detailed biological and/or process knowledge relating to their critical flow
dependencies. The synthesis of this knowledge is presented in this report for each ecological
asset, or group of assets (guild) and forms the basis for the ecological model development and
setting of ToCs, which will subsequently be used for the quantification of risk to those assets from
water resource development scenarios.
2.3.6

Defining likelihood–ecological and hydrological modelling

Information on the critical flow requirements of ecological assets, as represented by their
ecohydrologic rules, are used to develop time series of flow-related opportunities from modelled
daily river flow simulations. In the ERA context, time series of opportunities represent likelihood or
exposure data that is an estimate of the probability of an ecological asset experiencing the critical
conditions required at a given location over the assessment period.
Simulated daily flow time series (as ML/day) were modelled for both scenarios at four assessment
nodes representing stream flow gauging stations in the plan area (Figure 1), using the eWater
Source model (http://ewater.org.au/products/ewater-source). Source is a hydrological system
simulation model which operates on a daily time step. A 126 year simulation period was modelled
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for the period 1889–2015 inclusive. Asset opportunities were modelled using a variety of
approaches outlined in the relevant report sections.
2.3.7

Assessing risk to surface water ecological assets from water resource
development scenarios

The risk to ecological assets within the plan area were assessed at all locations where hydrological
simulations were available within its known distribution. Two surface water development scenarios
were assessed:
1. pre-development: assumes no water resource development across the plan area, but with
existing infrastructure in place.
2. full entitlement: full use of existing entitlements with current ROP operating rules and existing
infrastructure–this scenario does not reflect current utilisation of water entitlements.
Risk, as it relates to the measurement endpoint, is a product of the time series of flow-related
opportunities (likelihood) and the frequency of ToC exceedance (consequence). Risk was
assessed at a range of spatial scales relevant to the asset (assessment node, floodplain
assessment reach, and assessment area). As such, the approach utilises the spatio-temporal
sequence of risk generated by the hydrological scenario across multiple locations. Where possible,
it incorporates aspects of population structure and dispersal characteristics of assets to define
patterns of risk across the catchment (Hughes et al. 2012). This ensures that risk is evaluated at
the spatial and temporal scale over which assets function (Arthington 2015).
Assessment nodes
Assessment nodes are hydrological model nodes which correspond to the location of stream
gauge sites for which stream cross sectional, and flow ratings information was available (Figure 1,
Table 2).
Table 2 Location of stream gauges used in the assessment
Stream gauge

Latitude

Longitude

Moonie River at Nindigully (417201B)

28°25'49.4"S

148°48'58.5"E

Moonie River at Fenton (417204A)

28°56'10.2"S

148°44'13.2"E

Moonie River at Flinton (417205A)

27°53'39.8"S

149°31'31.3"E

Floodplain assessment reaches
The relatively sparse distribution of gauging stations, coupled with the extensive areas of floodplain
in the assessment area and the complex hydrology of floodplains, means that it is unlikely that
available gauge data is representative of the entire floodplain. The catchments were mapped by
including the location of environmental assessment nodes and the areas identified as floodplains
by the Queensland Floodplain Assessment Overlay mapping (QRA 2010). Queensland
government hydrologists used their local expert knowledge and an assessment of the location of
tributaries and constrictions in the stream network to identify the relevant areas of floodplain
associated with each environmental assessment node. Where the floodplains of multiple parallel
channels merge, aerial and satellite images were used to identify intersecting ridges or other
indications of predominant flow direction, and delineate areas of flood origin accordingly. These are
termed floodplain assessment reaches (FARs). The upstream, downstream and lateral limits of
each FAR were digitised and adopted for the purposes of the assessment (Figure 1). All floodplain
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asset assessments were confined to these reaches as they are parts of the floodplain that are
represented by hydrology at the environmental assessment nodes.

Figure 1 Moonie plan area showing the location of environmental assessment nodes and floodplain
assessment reaches

2.3.8

Assessing risk to groundwater dependent ecological assets from water resource
development scenarios

There are no ecological outcomes in the current plan that specifically relate to Groundwater
Dependant Ecosystems (GDEs), however the plan does aim to protect the productive base of
groundwater (general outcome 9(k)). Groundwater development in the Moonie catchment is
currently low. The largest groundwater SDL unit has a current Baseline Diversion Limit of 0.1 GL;
this is significantly lower than the Sustainable Diversion Limit set at 32.5 GL (MDBA 2012). This
limit refers to the sediment above the Great Artesian Basin and is therefore considered in the
Water Plan (Great Artesian Basin) 2006. There is a small overlap of the St George Alluvium SDL
into the Moonie catchment, with a current take Baseline Diversion Limit of 0.01 GL compared to
the Sustainable Diversion Limit of 0.69 GL. Current mapping indicates many potential GDEs in the
Moonie catchment (DSITI 2017), however as current groundwater extraction occurs outside of
management units contained within the plan, and there is the relative small scale of the extraction
pressure, GDEs were not considered in this risk assessment.
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2.4

Assessment assumptions and uncertainties

The assessment was conducted as a desktop study using existing information and scientific
knowledge of the flow and groundwater dependent ecological assets of the Moonie catchment and
their likely responses to water resource development. Given these terms of reference, the
assessment was underpinned by a core set of assumptions and uncertainties:
1. the suite of ecological assets being assessed broadly represent the ecological values of the
plan area, and the components, processes and services that are potentially vulnerable to water
resource development;
2. risk to ecological assets was assessed in terms of water resource development pressures, and
not from non-water resource development threats such as land use, contaminants, instream
modification, etc. Therefore risk is expressed in relative terms between development scenarios,
and should not be interpreted in absolute terms;
3. interactions between ecological assets and their responses to water resource development
scenarios are not explicitly considered;
4. environmental assessment nodes are representative of the stream network which is influenced
by water resource development;
5. modelled flow scenarios accurately represent the hydrological regime produced by
management options as framed in the plan or resource operations plan;
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3 Results
3.1
3.1.1

Surface water dependent ecological assets
Waterholes as refugia

Background
Australia’s dryland rivers exist in an environment which is characterised by long periods without
significant inflows of water, during which time they dry into a series of waterholes. These
waterholes provide an important source of water for agriculture, towns, industry and other human
consumptive uses, as well as serving an important ecological function by providing refuge habitat
for aquatic organisms during dry times.
There are three key attributes of a waterhole that contribute to its ability to function as a drought
refuge:


persistence time: the length of time that waterholes are able to hold water without inflows;



connectivity: the spatial distribution of waterholes is important; they must be numerous enough
and distributed such that, when they are connected during flow, resident biota are able to move
throughout the system and recolonise the river (Sheldon et al. 2010); and



refuge quality: attributes such as water quality, habitat availability and availability and quality of
food deteriorate as waterholes become shallower (Waltham et al. 2013; Wallace et al. 2016).

The persistence time of a waterhole is determined by the amount of water present when the
waterhole is full and the rate at which water is lost. If water loss (to evaporation, seepage or
extraction) is greater than water gain (from sources such as flow, rain or groundwater influx), the
waterhole will reduce in size. If the physical parameters of a waterhole are known along with the
background loss rate, a model can be developed to predict the amount of water in a waterhole
under a variety of scenarios (DSITI 2015).
Connectivity of waterholes is driven by their distributions throughout space and time. This pattern
of connectivity can be analysed using remote sensing techniques to identify persistent water in the
environment following periods without flow (DSITI 2015; DSITIA 2014).
Refuge quality is arguably the most important attribute of a waterhole, but it is also one of the most
difficult to assess; establishing a depth threshold beyond which refuge functionality decreases has
proven difficult due to the lack of empirical data (DERM 2010). In spite of this, recent studies have
found that waterholes that retain at least half a metre of water provide suitable refuge from high
water temperature, which is a key threat to resident fishes (Wallace et al. 2016). The risks to
waterholes in the region have been previously assessed using this threshold (DERM 2010; DSITI
2015; DSITIA 2014).
Ecological significance
To maintain populations of aquatic organisms, a network of waterholes is required to persist
through extended dry periods (DERM 2010; DSITI 2015).
Distribution
Persistent waterholes occur across the plan area and were identified using two methods:
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individual waterhole scale: a selection of representative waterholes were mapped to create a
depth profile and water loss was measured through a drying phase to create a quantitative
water loss model for the site; and



plan area scale: remote sensing time series analysis was used along with hydrological
information to determine where persistent surface water is located after various no flow spells
across a large section of river channel.

Ecological values it supports
Refuge waterholes represent the value of maintaining persistent habitat for biota of the plan area
and supports several plan outcomes: 9(d), 9(e) i, ii, iii, 9(f), 9(h).
Assessment endpoint
The spatial distribution and pattern of connectivity of persistent waterholes, including those with
and without pumping licences.
Measurement endpoint
Frequency and maximum duration of individual waterhole failures and multiple simultaneous
failures at the assessment area scale.
Ecohydrologic rules
Individual waterhole scale–modelled waterhole persistence for eight waterholes
Persistence of individual waterholes varies according to the rates of water loss from dominant
mechanisms including evapotranspiration, seepage and consumptive water use. Irrespective of
these rates, the longer a no-flow period continues, the more depth is lost via these mechanisms.
Water loss models for specific waterholes that incorporate rates of loss via these processes and
the volume and depth of water available allow specific predictions to be made concerning
persistence and quality under no-flow spells generated by different management scenarios.
Schlumberger Mini Diver depth loggers recording water depth at 30 minute intervals, were installed
in waterholes which measured the rate at which water was lost (DNRM 2013; DNRM 2017), and
bathymetric surveys of each site were conducted (DNRM 2014; DNRM 2017). This information
was supplemented with gauged river flow data from the nearest relevant stream gauge and both
rainfall and evaporation data extrapolated using SILO data drill from nearby weather stations
(DSITIA 2014).
These data were used to develop and calibrate waterhole water loss models using the waterhole
persistence model plug-in of eWater EcoModeller software (eWater 2012). Models were ‘run to
empty’ to calculate the maximum persistence time of each waterhole in the absence of inputs from
flow or rainfall (Table 3). Calibrated models were then applied to daily flow time series representing
the two flow management scenarios under investigation to generate time-series of daily depth for
each waterhole. Further details about the model development and calibration are available in the
Waterhole refuge mapping and persistence analysis in the Lower Balonne and Barwon–Darling
Rivers report (DSITI 2015). Details of the eight modelled waterholes are provided in Table 3 and
their location shown in Figure 2. Isolation spells correspond to periods when flow ceases and
waterholes are disconnected from each other. No flow spells were identified when the simulated
flow was ≤ 2 ML/day (Craig Johansen pers. com.).
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Table 3 Location and characteristics of modelled waterholes

Associated
stream gauge

Maximum
depth (m)

Maximum
volume (m3)

Maximum
surface area
(m2)

Maximum
persistence
(days)

Waterhole

Location

Appletree

-28.3233
148.8465

417205A

3.9

151,807

92,486

571

Broadwater

-28.6268
148.8508

417201B

3.3

83,594

62,872

514

Bullamon
Plains

-28.57173
148.83864

417201B

2.5

182,446

265,853

526

Fenton

-28.93313
148.73513

417204A

3.1

47,380

41,865

621

Kurrajong

-28.2588
148.87288

417201B

2.1

8997

10,757

282

NindiPub

-28.35731
148.81726

417201B

3.6

74,492

63,098

621

Nindigully

-28.42763
148.81654

417201B

2.0

12,863

16,145

333

Nullera

-28.64565
148.58809

417201B

4.2

111,419

67,945

668

Plan area scale–remote sensing derived estimates of persistent refuge waterhole habitat
Persistent refuge waterholes were identified by time-series remote sensing analysis of
geometrically and radiometrically corrected Landsat imagery for the years 1988 to 2015 (Ozius
Spatial 2017). This 27 year Landsat series encompassed hydrological variability in terms of wet
and dry periods, similar to that present in the longer 126 year hydrological model simulation, giving
confidence that this evaluation was relevant to the plan area.
Landsat images were selected for each individual gauge, with relevance to the range of no-flow
duration spells the gauge recorded. Water (as represented by wet pixels) was classified for each
Landsat image by thresholding the water index product developed by DSITI (Danaher & Collett
2006). Water classified images were collated to create a Landsat time series representative to
each gauge’s no-flow spells and durations.
River regions outside of FARs were determined based on the connectivity of major and minor river
channels (as defined by the Australian Hydrological Geofabric v2.0) to downstream gauge points.
Pixels classified as water that were confined within the river regions were used in the analysis to
determine the extent for both maximum and persistent waterhole classifications.
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Figure 2 Location of modelled waterholes
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Spatial dispersal of waterhole habitat was assessed by optimised hot spot analysis using the GetisOrd GI* function in ArcMap (ArcGIS 10.4.1 for Desktop) Waterhole habitat locations were
represented as centroids to account for the variability in their shape. The resulting analysis
identifies clustering or dispersal of waterhole habitat based on their proximity to one another.
Results are expressed as either spatial group membership (hot spots) or dispersed waterhole
habitat (cold spots) as confidence intervals from 90–99 per cent
Threshold of concern
Individual waterhole scale
A threshold of concern of 0.5 metres total waterhole depth was used for individual waterholes to
identify periods of limited habitat availability and poor habitat quality, termed here waterhole
failures. While refuge waterholes often experience changes in water depth, and waterhole biota are
adapted to cope with these conditions, periods of very shallow water depths represent high risk. At
low water levels, there are a range of increased threats to aquatic biota, including extreme water
temperature fluctuations, concentration of toxicants, increased predation, food source limitation
and disease transmission (Waltham et al. 2013). Waterholes that remain deeper than
approximately 0.5 metres throughout the dry season, particularly those with higher turbidity,
provide suitable refuge conditions for fish and avoid the risk of exposure to increased water
temperatures (Wallace et al. 2016).
Assessment area scale
The waterholes of concern for this assessment were the sites that were persistent, and therefore
function as drought refuges, under pre-development conditions; any changes to the persistence of
these waterholes increases the risk to resident biota in times of stress. Of particular importance are
the simultaneous failures, that is, the number of waterhole failures that occur at the same time. The
severity of these simultaneous failures is dependent on their number, rather than duration,
because once a waterhole fails it requires connection again in order to permit recolonization,
therefore a system-wide failure is a particularly high risk event. The remote sensing information
provides certainty around the representativeness of waterhole models and the relative amounts of
water in the region under dry conditions.
Spatial relevance
Persistent refuge waterholes occur across the plan area (Figure 3).
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Figure 3 Location of remote-sensed persistent water and dispersal index. Distribution of waterholes
is based on dispersal index. The darker the colour, the higher confidence that waterholes are
spatially clustered.
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Results
The Moonie River is highly ephemeral, with the proportion of no-flow days in the pre-development
simulation across the three assessment nodes ranging between 66 and 73 per cent. These spells
were almost unchanged between the pre-development and full entitlement scenarios at the three
assessment nodes (Table 4). The average no flow spell duration increased at all three nodes
between five and twelve days, however the maximum spell length remained unchanged.
Table 4 No flow statistics over the simulation period
Environmental assessment node
Moonie River at
Nindigully (417201B)

Moonie River at
Fenton (417204A)

Moonie River at
Flinton (417205A)

Pre-development
number of days

27,186

32,445

31,797

35

99

16

maximum no flow spell length (days)

474

723

315

average spell length between (days)

24

42

7

674

304

248

30,020

34,027

34,036

45

108

23

maximum no flow spell length (days)

648

844

315

average spell length between (days)

24

38

8

646 (0)

304 (0)

248 (0)

average no flow spell length (days)

maximum spell length between (days)
Full entitlement*
number of days
average no flow spell length (days)

maximum spell length between (days)

* numbers in brackets indicated per cent change in maximum spell duration from pre-development

The spatial analysis identified 270 waterhole habitat patches covering a total area of 7.6 km2
across the Moonie catchment (Figure 3). Spatially they were aggregated in three main groups
including; upsteam of Flinton, downstream of the confluence of the Moonie River and Teelba and
Bidgel Creeks, and the Nindigully FAR. Of this waterhole habitat, an area of 1.3 km2 remained
persistent throughout the period 1988–2015.
The risk to refuge waterholes was low across the plan area (Table 5). There were no instances of
ToC failure at any of the eight modelled waterholes for either scenario, and consequently no
occurrences of simultaneous failures.
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Table 5 Refuge waterhole model and remote sensing statistics

Refuge waterhole statistics
Individual modelled persistent waterholes results
Number of waterhole models

8

Number of individual waterhole failures

0

Maximum and count of simultaneous waterhole failures

0, 0

Remote sensing persistent refuge waterhole habitat results

18

Number of persistent waterholes

270

Maximum no flow spell (days)

330

Maximum area of persistent waterholes (km2)

7.6

Area of persistent waterhole habitat (km2)

1.3
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3.1.2

Stable flow spawning fish

Background
Characteristics of the flow regime support the reproduction and recruitment of a group of smallbodied fish referred herein as ‘stable flow spawning species’. Aspects of flow for these species
provide cues for reproductive development, migration, spawning and recruitment, as well as the
direct provision of appropriate spawning conditions and access to nesting habitat. Collectively,
these species have similar habitat requirements that critically link them to the flow regime, i.e. they
require medium to low flows that allow access to suitable habitat, and water level stability during
egg and larval development. Additionally, post larval development flows enable juvenile fish to
migrate to nursery habitats that are used for feeding and shelter from predation, such as
floodplains and upland pools.
Three fish species representing stable flow spawning fish in the plan area were assessed, based
on patterns of spawning and recruitment opportunities:


Agassiz's Glassfish (Ambassis agassizii)



Murray River rainbowfish (Melanoteania fluviatilis)



Carp gudgeons (Hypseleotris spp.)

Spawning and recruitment opportunities are assumed to have been provided for those species if
daily flows are low (< median daily flow), they coincide with suitable water temperatures (above the
minimum known, species specific, spawning temperature), they occurred within the species
specific spawning season, and water levels remained stable for the duration of egg and larval
development (Table 6).
Opportunities for successful recruitment of stable flow spawning fish species are likely to be at
greatest risk from rapid changes in water level, due to flow management. Water levels that are too
high or too low may result in a loss of spawning and nesting habitat, and water levels that fall too
rapidly may result in the exposure and desiccation of eggs, as well as greater rates of predation on
eggs and larvae due to exposure (Pusey et al. 2004). In managed river networks, rapid water level
changes may result from either water extraction or flow supplementation. At the population scale,
any reduction in annual number of recruitment opportunities may influence the long term resilience,
and subsequent viability of the species.
Ecological significance
The stable flow spawning fish species modelled in this assessment represent a significant
component of the freshwater fish biodiversity of the south west WRP assessment area. None of
the stable flow spawning fish species identified in this assessment is listed under Queensland
State or Commonwealth legislation. However the purple-spotted gudgeon is classified as
threatened in Victoria, endangered in New South Wales, and critically endangered in South
Australia.
Ecological values it supports
The persistence of stable flow spawning fish is linked to several plan outcomes: 9(d), 9(e) ii, iii,
9(h).
Assessment endpoint
The maintenance of reproductive opportunities to support the population viability of the three
species in the Moonie catchment.
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Measurement endpoint
Spawning and recruitment success of each species over the model simulation period.
Ecohydrologic rule
Ecohydrologic rules were established for each species based on information in the scientific
literature as summarised in Table 6.
Table 6 Ecohydrologic rules for stable flow spawning fish

Species

Water
temp
(oC)

Water stability (± cm/day)
Spawning season

Water
depth

eggs

larvae

Ambassis agassizii

22

October–December

< median

5 cm / 7 days

5 cm / 20 days

Melanotaenia fluviatilis

20

December–February

< median

5 cm / 9 days

5 cm / 1 day

Hyseleotris spp.

22

August–December

< median

5 cm / 3 days

5 cm / 6 days

Threshold of concern
A ToC was defined which represents the consequence of altering spawning and recruitment
opportunities, and as a result, population persistence. A relationship between the annual provision
of spawning and recruitment opportunity and population persistence was calculated based on
population attributes derived from the literature. Population attributes were estimated as probability
distributions using information on best estimates and upper and lower bounds of confidence.
For Ambassis agassizii the ToC was based on the number of annual recruitment opportunities
required to maintain equilibrium in the local population size (i.e. recruitment required to replace
annual population mortality). Based on the reproductive longevity of the species it is assumed that
consecutive years longer than this, with fewer opportunities than the ToC, will represent a
significant threat to the persistence of a local population (i.e. potential local population failure),
termed the node failure threshold (Table 7).
There was insufficient life history information to develop species specific ToCs for Melanoteania
fluviatilis and Hypseleotris spp. following the method used for Ambassis. However, based upon the
longevity of Melanoteania (1–3 years) and Hypseleotris spp. (2–3 years), it was considered
indicative to apply ToCs that have previously been developed for species with similar life spans
and reproductive strategies.
Table 7 Threshold of concern and node failure thresholds for the stable flow spawning fish
Species

Threshold of concern (years)

High risk threshold (years)

Ambassis agassizii

1

3

Melanotaenia fluviatilis

2

2

Hyseleotris spp.

1

3

Modelled daily water temperature
Daily water temperature time series were generated using a three step process: (i) relationships
between water temperature and air temperature from proximate weather stations were developed
for those sites where water temperature records existed; (ii) these relationships were applied to the
full time series of the patched point temperature datasets available through the SILO / Bureau of
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Meteorology web page, yielding a long term water temperature record matching the length of the
Source daily flow scenarios; (iii) these long term daily temperature time series were matched to
adjacent environmental assessment nodes, which did not have any associated water temperature
records. Each temperature series was applied to adjacent sites with comparable topography,
location, river length and direction. The relationships between air and water temperature were
established at monthly scale, as well as multi-day scale. The correlations were strongest between
4-day periods of air temperature records leading up to daily water temperature observations.
Seasonal lag characteristics were addressed by forming three relationships for each model for 3–5
month periods. The models fitted the water temperature observations well, but some long term drift
was observed due to long term climatic variability. Daily temperature time series were used in
modelling the response of a number of ecological assets for which spawning and recruitment are
associated with a specific temperature regime. The temperature time series constrained the flow
analysis to the time of year which corresponded to the temperature requirements for the species
response.
Modelled daily water depth
Modelled daily flows were converted to daily water depth using the River Analysis Package (RAP)
(Marsh et al. 2003) and the gauging station ratings tables that correspond to each of the
assessment nodes. The resulting time series files provided daily water depth that correlated to the
daily modelled flow time series for each scenario from the Source hydrological simulation model.
Modelling risk
Risk to populations of stable flow spawning fish species were modelled at three assessment nodes
in the Moonie catchment area using EcoModeller software (eWater 2012). Each of the three
species being assessed was present at each of the three assessment nodes.
Results
The risk to stable flow spawning fish across the plan area was low with no increase in the number
of high risk years under the full entitlement scenario for the three species modelled.
Ambassis agassizii
Recruitment opportunities were modelled at three assessment nodes. All three assessment nodes
experienced an increase in the average annual number of spawning opportunities under the full
entitlement scenario compared to pre-development (Table 8). At Moonie River at Nindigully, 2.5
per cent of years in the simulation period were in the high risk category under the predevelopment, whereas under the full entitlement scenario there were 0.8 per cent of years in the
high risk category. During the additional two high risk years under the pre-development scenario
there were 194 days (i.e. an annual average of 97 days) where depth was above the low flow
threshold and 212 days (i.e. an annual average of 106 days) where stability was outside the model
thresholds compared with the corresponding years under the full entitlement scenario.
At Moonie River at Fenton, there were no years in the simulation period in the high risk category
under pre-development or full entitlement. At Moonie River at Flinton, 17.6 per cent of years in the
simulation period were in the high risk category under pre-development, whereas under the full
entitlement scenario there were no years in the high risk category (Figure 4). During the 21 high
risk years under the pre-development scenario exceedance of the depth threshold increased by an
additional 676 days (i.e. an annual average of 32 days) when compared to the corresponding
years under the full-entitlement scenario and exceedance of the stability thresholds increased by
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1063 days (i.e. an annual average of 51 days) when compared to the corresponding years under
the Base scenario.
Melanotaenia fluviatilis
Recruitment opportunities were modelled at three assessment nodes. All three assessment nodes
experienced an increase in the average annual number of spawning opportunities under the full
entitlement scenario compared to pre-development (Table 8). There were no years in the
simulation period in the high risk category at any of the three assessment nodes under either the
pre-development or full entitlement scenarios (Figure 5).
Hypseleotris spp.
Recruitment opportunities were modelled at three assessment nodes. All three assessment nodes
experienced an increase in the average annual number of spawning opportunities under the full
entitlement scenario compared to pre-development (Table 8). There were no years in the
simulation period in the high risk category at any of the three assessment nodes under predevelopment and only one of the three assessment nodes, Moonie River at Nindigully,
experienced 0.9 per cent of high risk years under the full entitlement scenario (Figure 6). During
this single high risk year, there was an additional 33 days where depth was above the stable flow
threshold compared with the same year under the pre-development scenario. There were however,
nine fewer days where the stability thresholds were exceeded under the full entitlement scenario
when compared to the pre-development scenario.
Table 8 Average annual recruitment opportunities and number of high risk years for stable flow
spawning fish under pre-development (PD) and full entitlement (FE) flows
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Ambassis agassizii

Melanotaenia fluviatilis

Hypseleotris spp.

Assessment areas

PD

FE

PD

FE

PD

FE

Moonie River at Nindigully (417201B)

27, 2.5

35, 0.8

80, 0.0

89, 0.0

75, 0.0

83, 0.9

Moonie River at Fenton (417204A)

53, 0.0

57, 0.0

117, 0.0

125, 0.0

107, 0.0

115, 0.0

Moonie River at Flinton (417205A)

8, 17.6

21, 0.0

69, 0.0

90, 0.0

61, 0.0

87, 0.0
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Figure 4 Risk profiles for Ambassis agassizii as the percentage of years in the simulation period in
each risk category (pre-development=black, full entitlement=red).
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Figure 5 Risk profiles for Melanotaenia fluviatilis as the percentage of years in the simulation period
in each risk category (pre-development=black, full entitlement=red).

24

Review of Water Plan (Moonie) 2003. Ecological Risk Assessment Report

Figure 6 Risk profiles for Hypseleotris spp. as the percentage of years in the simulation period in
each risk category (pre-development=black, full entitlement=red).
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3.1.3

Fluvial geomorphology and river forming processes

Background
River forming processes are defined as flows with enough shear stress to scour and transport
substrate sediment to maintain in-channel waterholes (DSITIA 2013; Knighton & Nanson 2000).
Deep waterholes provide habitat for fish including golden perch (Macquaria ambigua), freshwater
catfish (Tandanus tandanus), and Murray cod (Maccullochella peeli) (Balcombe et al. 2006;
Lintermans 2007). Flows of this magnitude also transport nutrients, sediments and organic matter
to floodplain wetlands and waterholes, facilitating ecosystem productivity (Thoms 2003). Since predevelopment, sedimentation in parts of the Queensland Murray-Darling Basin has risen tenfold
from clearing vegetation, grazing and introduced animals upstream, resulting in increased channel
width and streambed degradation (Davies et al. 2012; Thoms et al. 2002).
Developing hydrological indicators of river forming processes
Bankfull discharge is typically the discharge at which the product of average cross-sectional flow
velocity and water surface slope is at a maximum (Newbury & Gaboury 1994; Pitlick & Van Steeter
1998). The application of this threshold to represent the flow necessary to mobilise bed material
was tested using local information. The effective flow was assumed to be the flow velocity above
which bed material is scoured and transported. Bed material load estimates based on field data
were available for four gauging stations from Doppler cross sections at each gauging station in the
lower Balonne were analysed using WinRiver II and RiverSurveyor Live (Figure 7). Additionally,
bed material loads as predicted by the Ackers & White (1973) and Van Rijn (1984) sediment
transport models were also employed to indicate the behaviour of bed material with increasing flow
rates and to support the field data based estimates. These two models are shown to be the best
suitable for Queensland rivers by Joo (2007).

Figure 7 Streambed velocities at four sites in the Lower Balonne (red line indicates bankfull height at
the gauge)
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The shape of the bed material load - flow relationship generally indicates two phases of bed
material transport, which are separated by a rapid change in the slope of the curve (Figure 8). The
first phase is characterised by steep slope as a result of rapid increase in the bed material load
with increasing flow. During this initial phase, the stream power reaches a threshold where bed
material starts to move and as the flow further increases the bed material gains momentum and
the amount of sediment moving is rapidly increasing. However during this phase, bed material
transport is not yet fully developed. During the second phase, the increase in bed material load
slows, indicating developed bed material transport. At this point the stream power is strong enough
to maintain bed sediment particle movement. At some sites this relationship may level off and
converges to some limit, indicating the potential to approach bed material transport capacity and/or
bed material supply limit (Figure 8a).
The flow magnitude that separates the two phases indicates the effective flow magnitude needed
to well engage sediment movement, and generally coincides with the bankfull discharge (Figure
8b). Therefore the bankfull discharge is an adequate approximation for minimum flow velocity to
scour bed material from the channel and refresh aquatic habitats.
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Figure 8 Example analysis for Balonne River at Barrackdale (422203A). (a) bed material load–
discharge relationship, (b) cross section analysis (bed material transport may be fully developed
when flow discharges are above 500–700 m3/sec, which corresponds to near bankfull).
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Ecological significance
The ecological significance of refuge habitat provided by persistent waterholes is discussed in
section 3.1.1. Fluvial geomorphology and river forming processes contribute to the maintenance of
waterhole depth over time and have a direct influence on the persistence of waterholes as well as
their suitability as refuge for biota. These processes also transport organic and inorganic
sediments and nutrients to downstream reaches.
Distribution
Fluvial geomorphology and river forming processes occur throughout the plan area.
Ecological values it supports
Fluvial geomorphology and river forming processes, and the habitat they create and maintain,
relate to several plan outcomes: 9(d), 9(e) i, iv, 9(f), 9(h).
Assessment endpoint
Maintenance of fluvial geomorphology and river forming processes within the Moonie catchment
(including the frequency and duration of high flow events).
Measurement endpoint
Frequency of bankfull flow events over the simulation period. For the purposes of the assessment,
bankfull is defined as flows at the top of the river bank and were derived for each environmental
assessment node based on stream cross sectional information.
Ecohydrologic rule
Fluvial geomorphology and river forming processes are represented by the frequency of bankfull
events. Spells between these flows were calculated for the pre-development and full entitlement
scenarios to derive the number and frequency distribution of spells.
Threshold of concern
A ToC could not be derived for the measurement endpoint as the relationship between the
frequency of bankfull flows and their role in influencing river forming processes has not been
adequately characterised. The potential for water resource development to affect the frequency of
bankfull flows was assessed as the proportional change between the pre-development and full
entitlement scenarios. Valley process zone mapping has been undertaken across the plan area
(Alluvium 2010). Changes in the frequency and duration of bankfull flows was interpreted in terms
of changes within these zones.
Spatial relevance
Fluvial geomorphology and river forming processes are important throughout the plan area.
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Results
The risk to fluvial geomorphology and river forming processes across the plan area was low as
modelled at three environmental assessment nodes in the Moonie catchment (Table 9). Most of
the plan area is within the sediment deposition valley functional process zones category (Alluvium
2010). Sediment, nutrients and organic matter is deposited in this zone and stored on benches, in
anabranches and on the associated floodplain; there is generally a net loss of sediment movement
downstream from this zone (Alluvium 2010). Contribution of authochonous organic material from
periphyton production is much higher in these areas than further upstream.
Across the plan area, bankfull flow days have been reduced by between 10.3 and 22.1 per cent
from pre-development, with the largest changes at Moonie River at Fenton. This loss of high
energy stream flows may lead to infilling of waterhole habitat and interstitial spaces with fine
particles, representing loss of habitat for aquatic biota.
There is some published information on the quantity, source, and movement of soft sediment in
Moonie River waterholes (DSITI 2016), however the effect of changed spell lengths between
scouring events still remains a key knowledge gap. Contemporary land use practices have led to
an increased supply of sediments in the system, therefore the consequence of changed stream
power may be higher than it would have historically been.
Table 9 Bankfull flow statistics over the simulation period under pre-development and full entitlement
scenarios
Environmental assessment node
Moonie River at
Nindigully (417201B)
Bankfull volume (ML/day)

Moonie River at
Fenton (417204A)

Moonie River at
Flinton (417205A)

1028

4553

13,305

2630

1080

195

9

7

4

64

28

14

156

284

821

1236

1576

5081

2302 (-12.5)

841 (-22.1)

175 (-10.3)

9

7

4

64

23

14

173

349

902

1538

2136

5081

Pre-development
number of days
average event length (days)
maximum event length (days)
average spell length between (days)
maximum spell length between (days)
Full entitlement
number of days
average event length (days)
maximum event length (days)
average spell length between (days)
maximum spell length between (days)

* numbers in brackets indicate per cent change from pre-development.
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3.1.4

Eastern snake-necked turtle (Chelodina longicollis)

Background
The eastern snake-necked turtle is a moderate-sized fresh water turtle species; individuals grow to
over 250 mm in length and weigh over 1.5 kg. It occurs in both permanent and ephemeral water
bodies including rivers, backwaters, oxbows, anabranches, ponds, rain pools and swamps
(Chessman 1988; Kennett & Georges 1990), and in both clear and highly turbid water (Chessman
1983, 1988). It has also been recorded in farm dams and drainage channels with dense
macrophyte growth (Cann 1998).
It is a vagile species with great propensity for overland migration and is capable of travelling
overland up to 2.5 km when off-stream wetlands start filling (Kennett & Georges 1990). It has
several adaptations to minimise water-loss during terrestrial movements in areas with
unpredictable flow regimes including the capacity to: (i) store and reabsorb water from the cloacal
bladder, (ii) adjust uric acid excretions, (iii) limit cutaneous water loss, and (iv) conserve water by
burying in soil and debris (Roe et al. 2008).
When ephemeral off-stream water bodies dry, or food resources in those water bodies become
limited, the eastern snake-necked turtle is capable of terrestrial aestivation (Chessman 1983).
Aestivation is a state of torpor similar to hibernation in which metabolic activity is physiologically
minimised to conserve energy (fat) and water reserves (Cann 1998; Roe et al. 2009). Maximum
aestivation time is likely to vary between individuals depending upon initial body condition, but is
generally thought to be approximately seven months (Roe et al. 2009). After seven months of
aestivation, if conditions in off-stream wetlands remain unfavourable, individuals must migrate
overland seeking water in permanent wetlands or waterholes in the main river channels (Kennett &
Georges 1995; Roe et al. 2009). This is a time of high stress and high mortality for a turtle
population (Arthur Georges pers. comm.).
The eastern snake-necked turtle is an obligate but opportunistic carnivore, eating virtually any prey
it can catch. It can feed only in the water, hence its diet consists mostly of aquatic species.
However they will also take terrestrial prey that has fallen into the water (Chessman 1983). Its
broad diet includes zooplankton, benthic macro-invertebrates, frog eggs (Georges et al. 1986;
Kennett & Georges 1990) and carrion (Chessman 1983; Georges et al. 1986).
When such habitats are available, it prefers to exploit the high productivity of ephemeral water
bodies such as floodplain billabongs and wetlands. Another advantage of feeding in ephemeral
water bodies is that those habitats generally lack large predatory fish, which are significant
competitors of the turtles for invertebrate prey (Chessman 1988; Kennett & Georges 1990). When
ephemeral wetlands dry and turtles must return to permanent water bodies, long-necked turtles
compete with each other in high densities and with fish and other aquatic species for limited food
resources. Consequently, they lose substantial body condition during this time (Kennett & Georges
1990).
Poor body condition resulting from food limitation is known to reduce turtle reproduction rates. For
example, populations in the Jervis Bay area (NSW) were subjected to food limitations during
drought conditions between 1979 and 1983 (Kennett & Georges 1990). Due to the loss of condition
(i.e. loss of body fat reserves) experienced by these individuals during this time, following the end
of drought conditions the populations failed to reproduce for 10 years (Arthur Georges pers.
comm.).
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Ecological significance
The eastern snake-necked turtle is an iconic species and represents the freshwater biodiversity of
rivers, streams, and floodplains of the Moonie catchment. They have intrinsic values that are, in
part, due to their unique place within both the aquatic and terrestrial faunal communities of the
region. It has developed a life-history strategy that is suited to the highly variable climatic and
hydrological conditions of the Queensland Murray-Darling Basin region. The species is not listed
as threatened by the International Union for the Conservation of Nature (IUCN) Red List.
Distribution
The distribution of the eastern snake-necked turtle includes the Murray-Darling basin, coastal
rivers and larger offshore islands from Eyre Peninsula west of Adelaide in South Australia to the
Burdekin drainage of north Queensland, and the headwaters of the Cooper Creek drainage.
Populations in northwest Tasmania are presumed to be introduced (Georges & Thomson 2010). It
is present throughout the Moonie catchment.
Ecological values it supports
The eastern snake-necked turtle is an iconic species native to the plan area (Cann 1998; DSITIA
2013; DSITIA unpublished data). It is not currently listed under any state or commonwealth
government legislation. Its persistence is linked to several plan outcomes: 9(d), 9(e) ii, iii, 9(h).
Assessment endpoint
Viability of eastern snake-necked turtle populations within the plan area.
Measurement endpoint
Frequency of high stress events for eastern snake-necked turtle populations. High stress events
are associated with the persistence of off-stream water bodies, and the persistence of permanent
waterholes (i.e. the duration of no-flow spells interacting with wetland and waterhole persistence
characteristics).
Ecohydrologic rules
In the absence of suitable inundated ephemeral off-stream water bodies, eastern snake-necked
turtles aestivate on floodplains for up to seven months after which time, if off-stream conditions
remain unfavourable, individuals must return to the refuge of permanent in-channel waterholes.
Individuals are known to lose body condition when restricted to these waterholes. Subsequently
this period represents high stress and therefore high risk events to the populations (Figure 9). The
level of risk increases with an increase in the time between the availability of off-stream habitat.
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low stress periods = feeding activity following the inundation of floodplain wetlands + 7 month
aestivation period.



high stress periods = time following low stress periods, prior to a subsequent floodplain wetland
inundation when turtles are restricted to in-channel waterholes.
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Figure 9 Conceptual relationships between flow magnitude, habitat availability, and risk to the
eastern snake-necked turtle over time. The red horizontal bars indicate the modelled periods of risk.
Those periods include refuge in permanent waterholes and well as migration to and from those
waterholes.

Threshold of concern
A ToC was defined which represents the maximum length of high stress events the eastern snakenecked turtle population can tolerate. A population in the Jervis Bay area (New South Wales) took
ten years to recover body condition sufficient for them to reproduce following a four year drought
(A. Georges, pers. comm.). Based on this information a ToC of 4 years was used for the
assessment. Spells between floodplain wetland inundation events at an environmental assessment
node ≥ 4 years represents a threat to the long term persistence of the local population. For each
assessment node, the flow threshold representing the floodplain wetland inundation event for the
ToC was determined based on the wetland inundation evaluations outlined in section 3.1.5.
Uncertainty
The transferability of species responses from Jervis Bay to the Queensland Murray-Darling Basin
contributes to the uncertainty in the application of these risk thresholds. However, given the focus
of the assessment is principally on the relative risk between scenarios, rather than the absolute risk
of either scenario, error associated with parameter uncertainty is less influential in terms of
interpreting patterns of risk. This remains a priority knowledge gap to address in the medium term.
Modelling risk
Risk was assessed for the eastern snake-necked turtle from the results of modelled stress periods
using EcoModeller software (eWater 2012). That model requires values for three input variables,
they are; a wetland inundation threshold, a wetland drying period, and a maximum aestivation
period. Individuals are thought to become stressed when they are restricted to main channel
waterbodies, rather than their preferred habitats, which are floodplain waterbodies.
Risk was modelled at three assessment nodes in the plan area representing those areas which
correspond to the distribution of the turtle (Cann 1998). Wetland inundation thresholds and
persistence values were generated for each FAR (Appendix 3). The maximum aestivation period
was standardised at seven months for all assessment nodes.
Spatial relevance
The eastern snake-necked turtle occurs throughout the plan area. Assessments were undertaken
at the FAR-scale using floodplain wetland inundation thresholds and persistence values derived at
that scale (Appendix 3).

33

Department of Environment and Science

Results
The overall risk to the eastern snake-necked turtle under the full entitlement scenario was low
across the plan areas as modelled at three assessment nodes in the Moonie assessment area
(Table 10). All three assessment nodes experienced only a small increase in the average duration
of stress periods under the full entitlement scenario compared to the pre-development scenario.
The longest duration of high stress remained the same between the pre-development and the full
entitlement scenario at two of the three assessment nodes, whereas at Moonie River at Fenton
there was an increase in the longest duration of high stress from one year under the predevelopment scenario to 1.8 years under full entitlement.
Table 10 Stress periods for the eastern snake-necked turtle under pre-development and full
entitlement scenarios
Number and average duration of
stress periods (days)

Longest duration of high stress
periods (years > 4 year ToC)

Environmental assessment node

Predevelopment

Full
entitlement1

Predevelopment

Full
entitlement2

Moonie River at Nindigully (417201B)

31; 1091

30; 1144

11.1

11.1

Moonie River at Fenton (417204A)

56; 381

47; 537

1.0

1.8

Moonie River at Flinton (417205A)

35; 367

35; 435

0.0

0.0

Risk increased under the full entitlement scenario compared to pre-development at two of the three
assessment nodes, Moonie River at Nindigully and Moonie River at Fenton, and remained
unchanged between the full entitlement and pre-development scenarios at the remaining
assessment node. At Moonie River at Nindigully there were 26 per cent of years in the high risk
category under pre-development and 27 per cent of years in the high risk category under the full
entitlement scenario (Figure 10). At Moonie River at Fenton there were one per cent of years in the
high risk category under pre-development and three per cent of years in the high risk category
under the full entitlement scenario (Figure 10).
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Figure 10 Risk profiles for the eastern long-necked turtle as the percentage of years in the simulation
period in each risk category (pre-development=black, full entitlement=red)

Periods where stress occurred simultaneously across multiple assessment nodes in the Moonie
did occur under both scenarios (Figure 11). Across the two nodes, there were three simultaneous
failures in the simulation period under the full entitlement scenario, one of which was modelled
under pre-development. The three simultaneous failures ranged in length from 5.0 years (1825
days) to 5.8 years (2118 days) and the total duration of simultaneous failures was 16.0 years (5829
days).
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Figure 11 Stress periods for the eastern long-necked turtle over the simulation period (grey=no
stress, orange=stress period, red=high stress period)
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3.1.5

Floodplain wetlands

Background
Floodplain wetlands arise when inundation produces soils dominated by anaerobic processes and
biota adapted to tolerate flooding (Keddy 2000). Inundation may be permanent or intermittent;
water may be flowing or static, fresh or saline. For the purposes of this assessment, man-made,
artificial or highly modified inundated areas, areas permanently forming part of a stream channel,
or floodplains where waterlogged soils and flood tolerant biota are absent were not considered.
Typically, floodplain wetlands in the plan area are dominantly lacustrine (lakes) or palustrine
(swamps). In dryland river landscapes, floodplain wetlands play an important role in the exchange
of carbon and nutrients, provide ecosystem services such as water quality buffering, act as refuges
during dry spells and provide habitat to a diverse community of plants and animals (Thoms 2003;
DSEWPC 2012).
Floodplain wetlands are characterised by a cycle of inundation and drying that entails oscillation
between aquatic and terrestrial conditions (Brinson et al. 1981). Thus, they are generally
ephemeral and critically dependent upon lateral and longitudinal links with riverine and floodplain
ecosystems to maintain their ecological functions (Mitsch & Gosselink 1993). Lateral connectivity is
primarily achieved through flood events (high flows, overbank flows and flow pulses), although
many wetlands will also receive inflows via channels at less than bankfull discharges and/or from
groundwater. In addition to filling wetlands, this lateral connection provides an opportunity for
nutrients, organic matter, sediments and biota to move between the river channel and the
floodplain. This process provides a boost to productivity in both systems (Junk et al. 1989),
providing excellent breeding and foraging habitat for birds, fish and turtles.
Ecological significance
The ecological and hydrological functions of floodplain wetlands contribute to their social,
economic and environmental value. Ecological functions include unique food webs, high
biodiversity and productivity, breeding and nursery habitat for birds and fish, refuge habitat and
biogeochemical cycles (Kerr 2016). Hydrologically, wetlands assist in flood mitigation, groundwater
recharge, erosion control, sediment trapping, sediment stabilisation and maintaining water quality
(Thoms 2003). These functions are critically dependent upon the characteristic frequency, duration
and seasonality of inflows to each wetland. The temporal and spatial variability in these flows is
also important to maintain the complex wetland mosaic within the broader floodplain (Jenkins et al.
2005).
There are no wetlands in the plan area listed as World Heritage Areas (UNESCO 2017), Ramsar
Internationally Important Wetlands (Environment Australia 2001) or DIWA Nationally Important
Wetlands (DEH 2007). However there are eight state forest reserves and the CR 'George' Telford
Nature Refuge (State of Queensland 2017). The Thallon Waterholes, and Thallon Swamp, 10 km
south of Thallon, are wetlands of ecological significance. Thallon waterholes consists of two
relatively permanent lakes of 12 and 21 hectares (DNR 1999) and support abundant and diverse
waterbird populations (Kingsford et al. 1997). Black swans (Cynus atratus), grey teal (Anas
gibberifrons) and little black cormorant (Phalacrocorox sulcirostris) have been observed breeding
at this site (DNR 1999) and banded lapwing (Vanellus tricolor) and wandering whistling-duck
(Dendrocygna arcuata) have occurred in high abundance (Bino et al. 2015). There is little
additional information available concerning Thallon Swamp.
Wetland indicator species in the Moonie plan area include reptiles such as red-bellied black snake
(Pseudechis porphyriacus), broad-shelled river turtle (Chelodina expansa), Murray turtle (Emydura
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macquarii macquarii) and eastern snake-necked turtle (Chelodina longicollis). All of these species
are listed as “least concern” under the Queensland Nature Conservation Act 1992 (State of
Queensland 2017). The grey snake (Hemiaspis damelii), a frog-eating snake also found in this
area, is listed as “endangered” under the Queensland Nature Conservation Act 1992 (State of
Queensland 2017). Threatened water-dependent biota within the plan area also includes the
Murray cod (Maccullochella peelii) and silver perch (Bidyanus bidyanus), listed as vulnerable and
critically endangered, respectively, under the Environment Protection and Biodiversity
Conservation Act 1999. The vulnerable (NSW Threatened Species Conservation Act 1995)
freckled duck (Stictonetta naevosa) also uses wetlands in this catchment (MDBA 2017). As a less
regulated system, the Moonie River has been noted as an important site for fish recruitment
(Balcombe et al. 2010) and survival through drought periods (Sternberg et al. 2012) in golden
perch (Macquaria ambigua) populations.
Wetland habitat types within the Moonie plan area include coastal and sub-coastal floodplain lakes,
tree swamps and grass-sedge wetlands (State of Queensland 2017). The swamps are dominated
by eucalyptus and melaleuca species. The Moonie catchment also supports the endangered
“southern brigalow belt” (MDBA 2017) and a variety of endangered and vulnerable species
associated with this bioregion (Brigalow Belt South (BBS) IBRA bioregion, WetlandInfo).
The length of time between inundation events and the persistence of water in a wetland are
governed by a number of factors including position in the landscape, water source, climate and
substrate (Jaensch & Young 2010). The frequency of wetland inundation can effectively be
modelled where its commence-to-fill threshold is known. This is the stream discharge where it
begins to receive inflows (Frazier & Page 2009). The persistence of a wetland is the time taken for
a full wetland to dry completely without further inflows. Both of these values can potentially be
estimated using techniques that utilise remote sensing, geographic information systems and
statistical analysis (Kerr 2016). Changes in these parameters can potentially be used to evaluate
threats to floodplain wetlands from changes to water management.
Aspects of river and floodplain development for water management, such as water diversions,
dams, weirs and levees, can prevent water from inundating the floodplain (Kingsford 2015) to fuel
productivity (Ericson et al. 2006). Moreover, flow paths are altered, distributing the water
differently. This changes the frequency, duration and timing of inundation for specific wetlands and
reduces lateral connectivity and habitat complexity. The ToC for floodplain wetlands can therefore
be described as the level of change in the frequency, duration and seasonality of inundation that
leads to a failure to maintain the diversity and abundance of species dependent on the ecological
functions of the wetland (DSITIA 2013).
Distribution
The Moonie River floodplain contains more than 100 floodplain wetlands larger than one hectare in
size (CSIRO 2008), with all wetlands in the catchment covering a total of 9611 hectares (State of
Queensland 2017). Most of these are found in the southern lowland section of the catchment,
downstream of Nindigully (CSIRO 2008). Throughout the catchment there are 158 palustrine
wetlands and 87 riverine wetlands (State of Queensland 2017). The Moonie catchment contains
significant shallow and deep groundwater resources, including the St George alluvium and the
sedimentary aquifers of the Great Artesian Basin (MDBA 2017). Shallow aquifers may contribute
inflows to some wetlands.
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Ecological values it supports
In the plan area, floodplain wetlands support several ecological values including waterbird breeding
opportunities and provision of preferred habitat for the eastern snake-necked turtle. Floodplain
wetlands relate to several plan outcomes: 9(d), 9(e) ii, iii, 9(h).
Assessment endpoint
Maintenance of a wetting regime to support floodplain wetlands.
Measurement endpoint
Frequency and duration of spells between wetland inundation thresholds as defined in this method
Ecohydrologic rule
Flow thresholds representing filling of floodplain wetlands were derived from evaluation of a timeseries of satellite imagery using the following three step process as detailed in Appendix 3:
1. selection of floodplain wetlands
2. time series analysis of satellite image scenes
3. interpretation of wetting patterns in relation to gauged river flow data.
This process yielded either a single or multiple floodplain wetland inundation thresholds per FAR
(Table 11, Figures 15–18). Wetlands which had infrequent interaction with water from floodplain
inundation (i.e. > 10 year ARI), were considered not to be strongly dependent on river flow to
sustain their associated environmental values, and therefore not a sensitive indicator. These
wetlands and associated inundation thresholds were subsequently excluded from the analyses.
Spatial dispersal of wetlands was assessed by optimised hot spot analysis using the Getis-Ord GI*
function in ArcMap (ArcGIS 10.4.1 for Desktop). Wetland locations were represented as centroids
to account for the variability in their shape across the landscape. The resulting analysis identifies
clustering or dispersal of wetlands based on their proximity to one another. Results are expressed
as either spatial group membership (hot spots) or dispersed wetlands (cold spots) as confidence
intervals from 90–99 per cent.
Table 11 Floodplain wetlands inundation flow thresholds

Environmental assessment node

Area of floodplain
wetland (km2) in FAR

Flow threshold(s) (ML/day)

Moonie River at Nindigully (417201B)

45.2

14,200; 18,000; 29,500

Moonie River at Fenton (417204A)

20.8

12,000; 22,000

Moonie River at Flinton (417205A)

23.3

3600; 7500

Threshold of concern
There is insufficient information to set ToC relating to floodplain wetlands however an assessment
of hazard was made by comparing hydrological deviation from the benchmark of the predevelopment hydrological scenario.
Spatial relevance
Floodplain wetlands occur throughout the plan area (Appendix 3).
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Results
Floodplain wetlands were assessed across three FARs at seven flow thresholds (Figure 12, Table
12). Floodplain wetlands in this area are highly ephemeral with persistence days between 96 and
208 days (Table 18). Moonie River at Fenton shows the largest reduction in both the number and
duration of floodplain wetland inundation days under full entitlement within this assessment area.
The average return frequency for the 12,000 ML/day flood threshold have been increased by six
months, and the maximum return frequency by five and a half years. The spatial analysis showed
one main cluster of floodplain wetlands in this assessment area associated with the Moonie River
at Nindigully FAR. Wetland inundation flow days at this site have been reduced by six per cent
under full entitlement, with the largest change in the average return frequency relating to the
29,500 ML/day flood threshold, which has increased by two years.

Figure 12 Spells between wetland inundation events (horizontal line within the box indicates the
median, boundaries of the box indicate the 25–75th percentile range, and the whiskers indicate the
10–90th percentile range, solid dots=outliers, PD=green, FE=orange)
Table 12 Summary of floodplain wetland inundation events and duration over the simulation period
(PD=pre-development, FE=full entitlement)

Environmental assessment node

PD wetland
connection
events

PD
connection
duration
(days)

FE wetland
connection
events 1

FE wetland
connection
duration (days)1

Moonie River at Nindigully (417201B)

90

454

79 (-12)

427 (-6)

Moonie River at Fenton (417204A)

83

541

68 (-18)

444 (-18)

Moonie River at Flinton (417205A)

243

1638

210 (-13)

1488 (-9)

1 number in brackets indicate per cent change from pre-development
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Appendix 1–Ecological outcomes, and general
outcomes with an ecological focus in the Water Plan
(Moonie) 2003
Outcome

Description

9(d)

to make water from the basin available to be stored and used while retaining water for
the riverine and associated environment

9(e)

to achieve ecological outcomes consistent with maintaining a healthy riverine
environment, floodplains and wetlands, including, for example, maintaining—

(i)

pool habitats, and native plants and animals associated with the habitats, in
watercourses

(ii)

natural riverine habitats that sustain native plants and animals

(iii)

the natural abundance and species richness of native plants and animals associated with
habitats within watercourses, riparian zones, floodplains and wetlands

(iv)

active river-forming processes, including sediment transport

9(f)

to maintain water quality at levels acceptable for water use and to support natural
ecological processes

9(h)

to promote improved understanding of the matters affecting the health of riverine and
associated systems in the basin

9(i)

consistency with the Basin Plan 2012 (Cwlth)

9(j)

consistency with water sharing agreements and commitments between the State and
New South Wales

9(k)

to protect the productive base of groundwater
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Appendix 2–Developing floodplain wetlands filling and
persistence thresholds
Remote sensing data on inundation of wetland patches was compiled and analysed for 58
wetlands across the Queensland portion of the Moonie catchment to develop ecological modelling
metrics for two ecological assets–floodplain wetlands and eastern snake-necked turtles.

Selection of wetlands for analysis
The wetland polygons from the Queensland Wetlands Mapping Database (DERM 2011) were used
as the base dataset for the assessment. The full set of several thousand wetlands in the region
was filtered to yield the 58 wetlands used in the assessment in the Moonie as follows:
1. Wetlands outside FARs were excluded as their relationship to hydrology at gauging stations
cannot be determined (see section 2.3.6, Floodplain Assessment Reaches).
2. Wetlands classified as ‘riverine’ were excluded. This wetland type generally refers to the river
channel itself, which was represented by different assets (e.g. waterholes as refugia) for the
purposes of the ecological risk assessment.
3. Highly modified wetlands (those classified as H3C1, H3C2, H3C3, H2M6) were excluded.
These wetlands may still support ecological values, but their utilisation may result in patterns of
wetting and drying unrelated to river flow conditions. This would make it difficult to detect the
relationship between flow and wetland inundation for development of modelling parameters.
4. A number of wetlands in the database were missing attribution. These were checked against
Google Earth imagery, and excluded if they appeared to be riverine or had linear perimeter
features indicating significant anthropogenic modification.

Remote sensing analysis
Landsat satellite imagery was used to determine the location and extent of horizontal surface water
in each of the floodplain wetlands within the assessment reaches. Landsat scenes were referenced
with the wetland assets, and images that covered the extent of wetland assets were identified.
Images were available at approximately fortnightly intervals for the period 1988–2016. A subset of
image dates representing flood times were used for the analysis. Flood events (dates when flow
volumes were greater than bankfull level at the relevant gauging station) were identified from daily
flow data recorded at stream gauges (Table 13).
Landsat images were selected to represent water extent preceding, during and after flood events,
giving confidence that the presence and absence of wet pixels was detected at key stages of filling
and persistence regimes. Water persistence was tracked using available image dates following
each flood event up to approximately 18 months. A total of six Landsat scene footprints were
required to cover the project area–the Queensland portion of the Condamine-Balonne, Moonie and
Border Rivers catchments. A total of 1896 Landsat images were analysed to sample the range of
filling and persistence across the wetland assets.

48

Review of Water Plan (Moonie) 2003. Ecological Risk Assessment Report

Table 13 Overview of Landsat scenes and number of images analysed across the Queensland
portions of the Condamine-Balonne, Moonie and Border Rivers catchments
Landsat Path Row

Number of images used

Date range

p090r079

361

1988–2015

p090r080

174

1988–2016

p091r079

294

1988–2014

p091r080

241

1988–2014

p092r079

388

1988–2016

p092r080

436

1998–2016

p093r078

2

2013

Total Landsat Path Rows: 7

Total Images: 1896

Within each wetland boundary, two indices were used to detect the presence of surface water.
Open water was detected using a modification of Landsat-based Water Indices thresholds for
water classification (Danaher & Collett 2006; Feysia et al. 2014) as described in DSITI (2015) to
optimise the water holding pixels within the wetlands (open water and wetted vegetation) and
minimise soil artefacts. The combination of open water and wetted vegetation classification helped
to provide a clearer inundation signal than using open water alone.
These analyses generated a series of open water, wetted vegetation and combined wetted area
extents (m2, pixel count and proportion of maximum wetland area) for each wetland on the
selected image dates. Proportion of maximum was used as a measure because in most instances,
the entire wetland polygon as delimited in the Queensland Wetlands Mapping was never observed
to be wet. The combined (open water plus wetted vegetation) extents were used to detect filling
events, while the open water extent was used to track persistence time. These data could then be
further analysed to generate statistics for ecological model threshold development.

Wetland filling flow magnitude
The wet extent observations were interpreted in the context of gauged stream flow, to determine
which wetlands experienced inundation from riverine flooding, and the magnitude of floods
required for filling.
Flood events (dates when flow volumes were greater than bankfull level at the relevant gauging
station) were identified from the daily flow data recorded at stream gauges concurrent with the
satellite imagery period. A Landsat image date representing each flood event (during the event or
within 30 days) was selected. Because wetlands were often inundated by other water sources (e.g.
local rainfall) when the river was not flowing, the entire time series of filling sequences was too
noisy to identify flood inundation thresholds. The filling threshold analysis was referenced to only
flood image dates to ensure the results could be interpreted in the context of flood-induced fill
sequences (Table 14).
Some flood events were excluded because no suitable image was available within the 30 day
timeframe. Where more than one image was available for an event, the wetted area on each date
was assessed and the location of gauge relative to the wetlands was considered to select one
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image that best represented maximum inundation at all wetlands in the FAR. Where there was
more than one flood event in a short time represented by the same image, the wetted extent was
related to the largest flood event and the smaller floods were excluded from the analysis.
Using an Excel macro, the wetted area (using the combined open water and wetted vegetation
indices) was assessed on each flood image to determine whether wetlands had filled. Wetlands
with a wetted area of more than 90 per cent of maximum were considered to have been filled.
Wetland filling responses were then ranked by peak magnitude (ML/d) of the associated flood
event.
The events were assessed in order of size, starting with the largest, until the filling threshold for
each wetland could be determined. The lowest flood magnitude above which all flood events
resulted in wetland filling was selected as the fill threshold.
Wetlands that were observed to fill during some floods, but were not filled by the biggest floods
could not be logically assigned a filling threshold and may be non-flood-dependent (i.e. their filling
regime is driven by other sources, most likely local rain). These wetlands were not used for
ecological modelling.
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Table 14 Example of the threshold selection for some wetlands associated with gauging station 417204A. Dates when wetland filling was observed
are indicated by “1”. No filling is indicated by “0”. The smallest flood peak, at and above which a wetland was always observed to fill (highlighted
in red) was selected as the filling threshold. Wetlands 101937 and 101938 were observed to fill during the 30486 ML/d flood, but not the larger flood
so could not be assigned a fill threshold.
Wetland ID

Flood start
date

Flood end
date

Flood peak
(ML/d)

101934

101937

101938

101943

101944

101949

101950

101950

101952

101953

6/03/2010

22/03/2010

48,297

1

0

0

1

1

1

1

1

1

1

10/04/1988

28/04/1988

30,486

1

1

1

1

1

1

1

1

1

0

3/09/1998

13/09/1998

27,579

1

0

0

1

1

1

1

1

1

0

24/12/2010

27/01/2011

24,913

1

0

1

1

1

1

1

1

1

0

19/02/1997

2/03/1997

23,894

1

0

0

1

1

1

1

1

1

0

12/01/1996

6/02/1996

22,089

1

0

1

1

1

1

1

1

1

0

19/01/2004

29/01/2004

22,043

1

0

0

1

1

1

1

1

1

1

11/12/2004

17/12/2004

19,227

1

0

0

1

1

1

1

1

1

1

13/02/2008

19/02/2008

16,531

1

0

1

1

1

1

1

1

1

0

11/05/1996

19/05/1996

12,883

1

0

1

1

1

1

1

1

1

0

28/05/2009

1/06/2009

11,578

1

0

0

0

1

1

0

1

1

0

13/03/2011

15/03/2011

8698

0

0

0

0

0

1

0

1

0

0

28/11/1995

3/12/1995

7573

1

0

0

0

1

1

0

1

1

0

20/02/1994

22/02/1994

7532

1

0

0

1

1

1

0

1

1

0

29/04/1990

2/05/1990

6142

1

0

0

1

1

1

0

1

1

0

13/02/2001

15/02/2001

5731

1

0

0

0

0

0

0

0

0

0

17/03/1999

19/03/1999

5646

0

0

0

0

0

0

0

0

1

0

11/05/1988

11/05/1988

5624

1

0

0

0

1

1

1

1

1

0

28/02/1995

1/03/1995

5597

0

0

0

0

0

0

0

0

0

0

11,578

n/a

n/a

12,883

11,578

6142

12,883

6142

11,578.11

48,297.32

Filling threshold
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Wetland persistence time
The persistence time for each wetland, i.e. the period of time that the wetland holds detectable
water once it has filled, was also estimated for each wetland. Because the persistence measure is
most relevant to habitat availability for the eastern snake-necked turtle asset, the open water
extent (rather than the inundated vegetation or combined extent) was used for this analysis.
All selected image dates (as described in Remote Sensing Analysis, above) were used without
being limited to specific flood dates, and the wetted area (per cent of maximum open water)
measures were analysed using an Excel macro to identify filling and drying sequences. Using all
dates included some observed filling events that resulted from local rain, not flooding, but for the
purposes of tracking how long water remained in a wetland after it filled; the source of the water
was not important.
Filling events were identified as occasions when a wetland was greater than 90 per cent wet, and it
contained a larger wetted area than on the previous or subsequent observation dates. Following a
fill event, the drying sequence – all subsequent dates with decreasing wetted area – was tracked
(Figure 13). The drying sequence was considered to have ended when the wetted area increased,
signalling the beginning of a new filling event, or the wetland dried completely.
The duration of all drying sequences for each wetland, including the last wetted area value, were
collated. The persistence time for each wetland was determined by selecting the drying sequence
where the wetted area became the smallest in the shortest period of time.
The persistence time is an underestimate because the date of the last observed wetted area was
used as the end date. Temporal gaps between observations mean that the exact date when a
wetland dried completely, or reached minimum wetted area before a refill, is unknown.
The persistence time analysis was run for all wetlands, however because the metric was used for
modelling the Eastern snake-necked turtle asset, data for the subset of wetlands associated with
turtle modelling was used to develop the persistence time threshold for each FAR. The longest
persistence time among the subset of turtle wetlands was used as the modelling threshold, to
recognise that turtles are able to move and select available wetted habitat as some wetlands begin
to dry.

Figure 13 Example of some drying sequences (in orange) identified for wetland 101934 in the Moonie
River catchment. The sequence used to determine wetland persistence time occurred from
03/03/1997 to 04/04/1997 and had an end size of two per cent.
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Results
Filling thresholds
Filling thresholds were identified for 42 wetlands in the Moonie catchment (Table 16). The
remaining 16 could not be determined as they did not fill during the largest recorded flood event.
From the range of fill thresholds identified at each FAR (Table 15), a set of thresholds for modelling
the ‘floodplain wetlands’ ecological asset were identified (Table 17). Filling threshold values were
aggregated to a set of up to eight thresholds per FAR that represent groups of wetlands that filled
at different flood levels. Where similar thresholds were clumped, the largest value was used as the
modelling threshold to ensure that filling of all wetlands in the group was represented.
The lowest modelling threshold was used as the wetland habitat inundation threshold in the
eastern snake-necked turtle model, as it represents times when at least some floodplain wetland
habitat becomes available for the turtles (Table 17).
Table 15 Summary of wetland filling thresholds

Environmental
assessment node

Bankfull flow
volume (ML/d)

Number of
floods assessed

Number of
wetlands
assessed

Number of wetlands
assigned a fill threshold

417201B

1028

41

35

26

417204A

4553

18

15

12

417205A

13305.6

6

8

4
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Table 16 Filing thresholds for wetlands
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Wetland
ID

Wetland
surface
area
(m2)

Filling
threshold
(flood
peak
size
ML/d)

417201B

102120

923,121

81,064

33,123

417201B

102123

345,244

n/a

14,424

81,064

417201B

102208

178,357

81,064

101963

11,250

17,362

417201B

102209

37,495

n/a

417201B

101964

24,399

14,716

417201B

102212

54,372

33,123

417201B

101965

14,376

18,510

417201B

102213

53,122

33,123

417201B

101966

36,900

14,716

417201B

102216

186,290

81,064

417201B

101967

44,400

18,510

417204A

101934

46,901

11,578

417201B

101968

60,604

81,064

417204A

101937

106,898

n/a

417201B

101970

17,499

13,770

417204A

101938

27,660

n/a

417201B

101971

694,045

33,123

417204A

101943

15,000

12,883

417201B

101972

19,999

81,064

417204A

101944

133,746

11,578

417201B

101973

16,742

81,064

417204A

101945

21,274

11,578

417201B

101975

248,130

n/a

417204A

101947

25,623

11,578

417201B

101977

247,460

29,535

417204A

101948

105,646

11,578

417201B

101978

173,799

n/a

417204A

101949

32,511

6142

417201B

101979

68,749

n/a

417204A

101950

15,624

12,883

417201B

101991

26,250

14,716

417204A

101951

213,801

6142

417201B

101992

15,000

14,716

417204A

101952

113,857

11,578

417201B

101993

26,887

n/a

417204A

101953

24,995

48,297

417201B

101994

12,647

13,770

417204A

101954

41,900

22,043

417201B

101996

16,875

81,064

417204A

102206

248,828

n/a

417201B

101997

20,000

14,716

417205A

102035

11,243

7574

417201B

102000

60,001

13,770

417205A

102037

14,986

7574

417201B

102003

20,577

n/a

417205A

102038

66,205

n/a

417201B

102004

51,872

81,064

417205A

102039

10,018

n/a

417201B

102013

50,287

n/a

417205A

102151

53,740

3682

417201B

102015

100,044

n/a

417205A

102240

21,225

68,994

Wetland
ID

Wetland
surface
area (m2)

Filling
threshold
(flood peak
size ML/d)

Environmental
assessment
node

417201B

101957

38,774

14,716

417201B

101960

91,928

417201B

101961

417201B

Environmental
assessment
node
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Table 17 Wetland modelling thresholds and eastern long-necked turtle habitat thresholds

Modelling thresholds (ML/d)

Habitat inundation
threshold (ML/d)

Number of wetlands
at the turtle habitat
threshold

417201B

14,200, 18,000, 29,500, 33,000, 81,000

14,200

7

417204A

6100, 12,000, 22,000, 48,300

6100

2

417205A

3600, 7500

3600

1

Environmental
assessment node

Persistence time
For the eastern snake-necked turtle asset modelling, a wetland persistence time (the longest
persistence among wetlands that fill at the turtle habitat threshold) was determined for each FAR
(Table 18).
Table 18 Persistence time of wetlands that fill at the eastern long-necked turtle habitat threshold
Environmental
assessment node

Persistence time (days)

Wetland ID associated with this
persistence time

417201B

96

101994

417204A

96

101951

417205A

208

102151

Assumptions and uncertainties
The analysis used the best available information, and an updated remote sensing method that
improved the ability to detect the wetting and drying signal in wetlands. However, there are a
number of intrinsic assumptions and uncertainties with this approach.
Wetland filling


Relatively few flood events occurred during the study period and of these, not all could be
incorporated in the filling threshold analysis because the closest imagery date was too long
after some events. This limited our ability to accurately identify the actual fill threshold. Some
wetlands had too few flood observations to develop a filling threshold. At other wetlands there
was a large difference between the magnitude of the smallest filling event and the largest nonfilling event. The ‘true’ filling threshold would sit somewhere in between. We chose the level
that corresponded to the observed filling as the threshold for modelling, which would be an
overestimate.



The distance and position of the wetland relative to the gauging station also affects how well
floods were represented by the imagery. Limiting the assessment to FARs reduces this effect
but does not eliminate it. Lastly, the bankfull level at the gauge may not represent local
breakout levels at wetlands.



A hydrodynamic flood model is required to overcome these limitations and more accurately
identify fill thresholds.



Both flood peak size and cumulative volume are likely to influence wetland filling, however a
single threshold was required for modelling, so peak size was used. A general relationship
between peak size and cumulative volume exists (correlation coefficient = 0.84, Figure 14)
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however there were some events that were ranked differently for peak size and volume. An
integrated measure should be considered in future assessments.


For the filling threshold analysis all floods were considered equal, however different antecedent
conditions or changes in the landscape over time mean that floods of the same size occurring
at different times would not necessarily lead to the same patterns of wetland filling.



Flood dependence – all wetlands had more fill events than there were flooding events, meaning
that many were filled by localised rain at least as often as they were filled by floods. While
hydrological connectivity to the river is likely to be important for maintaining some of the
ecological processes, for example breeding of floodplain-specialist fish, or nutrient cycling, the
frequency with which inundation needs to come from riverine flooding, rather than rain, in order
for wetland values to be maintained is unknown.

Figure 14 Relationship between peak discharge and cumulative volume for all flood events recorded
at gauges during the Landsat era. Correlation coefficient = 0.84. Data from all gauges relevant to
wetlands asset in the Condamine-Balonne, Moonie and Border Rivers catchments.

Water persistence

56



The relatively large gaps between selected Landsat image dates meant that the exact date of
drying or refilling of a wetland could not be determined. The gaps between observations during
the drying phase also made it difficult to identify and account for times when local rain topped
up wetlands.



The influence of rain on persistence time could not be excluded from the assessment. Sitespecific rainfall records are generally not available and rainfall in the region is relatively low and
patchy, meaning the available interpolated data is not a good representation of rainfall at a
single-wetland scale. Undetected rainfall events may lead to overestimation of persistence time
of wetlands. Because rainfall isn’t guaranteed during any wetland drying period, we wanted to
use the persistence time in the absence of rain for ecological threshold development. By
selecting the period when the wetland got driest in the shortest period as the persistence time
estimate, we minimised the influence of rain, but may not have excluded it entirely.



Accounting for climate variation–seasonal climate differences may affect the persistence of
water through varying rates of evapo-transpiration. Initial water loss following a flood is likely to
be driven by physical aspects of the environment, and therefore similar for each event (Figure

Review of Water Plan (Moonie) 2003. Ecological Risk Assessment Report

15). This portion of the drying sequence is generally well-captured in the observed data.
However the drying tail was often interrupted by rain or repeat flooding, meaning the potential
variation in persistence time due to climate influence could not be assessed.

Figure 15 Conceptual model of wetland drying sequence phases and drivers. The evapo-transpiration
phase was often interrupted in the observed drying sequences.
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Figure 16 Floodplain wetlands assessed at gauge 417201B
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Figure 17 Floodplain wetlands assessed at gauge 417204A
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Figure 18 Floodplain wetlands assessed at gauge 417205A

60

Review of Water Plan (Moonie) 2003. Ecological Risk Assessment Report

Figure 19 Floodplain wetlands in the Moonie assessment area showing dispersal index

61

Department of Environment and Science

Table 19 Wetland filing summary statistics by scenario

Environmental
assessment node
Moonie River at
Nindigully (417201B)
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Filling
threshold
(ML/day)

Pre-development
n

AEL

MEL

Full entitlement

ASB

MSB

n

AEL

MEL

ASB

MSB

14,200

248

6

23

998

6052

229

6

23

1177

6052

18,000

155

5

14

1437

6055

152

5

14

1484

6055

29,500

51

4

11

3073

8630

46

4

11

3841

12,818

Moonie River at
Fenton (417204A)

12,000

411

7

41

788

3996

329

7

41

975

6051

22,000

130

5

13

1704

6056

115

5

13

2001

6056

Moonie River at
Flinton (417205A)

3600

1092

8

51

309

1570

995

8

51

358

1570

7500

546

6

33

461

2612

493

6

33

531

2612

n

number of days

AEL

average event length (days)

MEL

maximum event length (days)

ASB

average spell length between (days)

MSB

maximum spell length between (days)

