ENVIRONMENTAL FLOWS
for the
RINGAROOMA RIVER
WATER MANAGEMENT PLAN

Water Assessment Branch
Water Resources Division
Department of Primary Industries and Water
Report Series WA 08/02
February, 2008

Copyright Notice:
Material contained in the report provided is subject to Australian copyright law. Other than in
accordance with the Copyright Act 1968 of the Commonwealth Parliament, no part of this
report may, in any form or by any means, be reproduced, transmitted or used. This report
cannot be redistributed for any commercial purpose whatsoever, or distributed to a third party
for such purpose, without prior written permission being sought from the Department of
Primary Industries and Water, on behalf of the Crown in Right of the State of Tasmania.

Disclaimer:
Whilst DPIW has made every attempt to ensure the accuracy and reliability of the information
and data provided, it is the responsibility of the data user to make their own decisions about
the accuracy, currency, reliability and correctness of information provided. The Department
of Primary Industries and Water, its employees and agents, and the Crown in the Right of the
State of Tasmania do not accept any liability for any damage caused by, or economic loss
arising from, reliance on this information.

Preferred Citation:
DPIW (2008) Environmental Flows for the Ringarooma River Water Management Plan.
Technical Report No. WA 08/02. Water Assessment Branch, Department of Primary
Industries and Water, Hobart.

Cover Images: Left: healthy riparian forest along the upper reaches of the Ringarooma River.
Right: the lower Ringarooma River as it enters the Ramsar listed, floodplain wetland
complex.

The Department of Primary Industries and Water

The Department of Primary Industries and Water provides leadership in the sustainable
management and development of Tasmania’s resources. The Mission of the Department is to
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Executive Summary
This report details an environmental flow assessment that was undertaken for rivers in the
Ringarooma River catchment to support the development of a Water Management Plan. The
assessment is based on an examination of the water requirements of riverine ecosystems at three
locations in the upper catchment: Ringarooma River at Cottons Bridge, Dorset River at Dead Horse
Hill (upstream of the Ringarooma River), and the Ringarooma River at the Yeates property
(downstream of the confluence of the Dorset River). An additional examination was undertaken to
assess the water requirements of the Ramsar listed floodplain wetlands in the lower reaches of the
catchment.
The approach used to develop the environmental flow recommendations followed the Tasmanian
Environmental Flow Framework (TEFF). The TEFF outlines an ‘holistic’ approach to determining
environmental flows that is based on the premise that freshwater ecosystems have evolved as a result
of the natural flow regime, and that the natural flow regime provides the best guide to the water needs
of riverine ecosystems. The approach uses the CFEV database to objectively identify important
environmental values which are used to guide the development of a priori objectives of the
environmental flows.
The main environmental values that were identified by the CFEV database related to native fish and
riparian forest communities in the upper reaches of the catchment. Significant plant species in this
forest community include shrubby gum (Eucalyptus ovata), blackwood (Acacia melanoxylon) and
southern beech (Nothofagus cunninghamii). Very high conservation values were also highlighted in
the Ramsar listed floodplain wetlands, where there are a number of significant flora and fauna
communities. These values were used to derive appropriate objectives for the environmental flow
assessment, and conceptual models were constructed using knowledge of the freshwater dependency
of these values and the likely impacts of current water use. This risk assessment highlighted which
components of the ecosystem are likely to be affected by modifying the flow regimes of rivers in the
catchment.
Hydraulic models of the upper catchment study sites were constructed and used to examine the
pattern of habitat availability for instream fauna using daily natural flow data from a hydrological
model for the catchment. Based on these analyses, and considerations of longitudinal connectivity in
the river, monthly minimum flows that provide habitat for instream fauna were recommended for
each site. The duration and magnitude of flood flows at each of the reaches, along with the rates of
rise and fall in river discharge, were also examined. Based on these analyses, recommendations
regarding water extraction during flood periods were also made.
For the floodplain wetlands, a different approach was taken, as there were insufficient resources
available to construct a floodplain hydraulic model. Instead, a number of data sources were used in a
‘multiple lines of evidence’ approach to make recommendations regarding minimum flows and flood
water allocation in the lower catchment. Surface water and groundwater level data from various
locations around the floodplain, and information on sediment movement in the river from previous
studies were used for this. These sources of information, along with visual observations made during
recent floods, were used to identify periods when the wetlands are disconnected from the main stem
of the river, and flow thresholds for floodplain inundation.
Recommended monthly minimum flows in the upper catchment aim to provide 75% of available
habitat for benthic invertebrate fauna, and during the irrigation season (October to April) these range
between 136 ML day-1 and 16 ML day-1. In the lower catchment, a minimum flow of 50 ML day-1 at
Bells Bridge is recommended to preserve the current frequency and of duration of low flow events in
the floodplain for the period between December and May.
Recommendations regarding the extraction of water during flood events are made to ensure there is
minimal impact on the duration of floods and rates of change in flow. At the upper catchment study
sites, the recommended rates for water extraction are about one fifth of the corresponding flow
threshold, which approximate 5% exceedance flows. Furthermore, floodwater allocations in the upper
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catchment should only be made available between the months of May and October, when baseflows
are typically greater in the river. Overall, this makes approximately 8,250 ML of flood water
available in the upper catchment.
Based on the event analyses performed for the lower river system and floodplain wetlands, flood
harvesting rules for both summer and winter have been provided with the aim of maintaining ‘flow
pulses’ during the summer months and larger floodplain inundation events during winter. In total, this
makes >12,000 ML of flood water available upstream of the wetland system during high flow events.
The overall objective of the recommended minimum and flood flows is to maintain, as much as
possible, the natural patterns of the flow regimes in the Ringarooma catchment. Where appropriate,
minimum flows have been set to ensure connectivity between pools, maintain instream habitat for
macroinvertebrates and fish, and provide sufficient wetted area for instream ecological processes.
The recommended flood extraction rules will ensure that water harvested from flood events does not
impact significantly on the size and duration of floods and rates of change of flow at these times. By
preserving these features of the flow regime, all of the ecosystem processes they support (e.g. cues
for fish migration, watering of riparian flora, recharge of floodplain wetlands and groundwater, etc.)
should be maintained. These recommendations will help maintain the significant freshwaterdependent ecosystem values that exist within the Ringarooma catchment.
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Glossary
General terms
CFEV project: The ‘Conservation of Freshwater Ecosystem Values’ project which has
developed a planning and information tool (a database) to support the inclusion of freshwater
values within a strategic framework for the management of Tasmania’s freshwater resources.
‘Current flow’: Flow in a river where water has been extracted for consumptive use. This
often involves subtracting known water use data from the ‘natural’ flow record produced by
hydrologic catchment models. Unless stipulated otherwise, water use is temporally scaled to
account for progressive increases in water use; to represent the lower levels of water
extraction that occurred historically.
DPIW: Department of Primary Industries and Water
Exceedance flows: Streamflow that exceeds a given threshold for a specified time. For
example, a 5% exceedance flow value indicates that flows larger than this amount occur less
than 5% of the time. Flows that are equivalent to the 5% exceedance level indicate large flood
events.
Geomorphology: The scientific study of the evolution and configuration of landforms on the
surface of the Earth, and of the processes that create them.
Macroinvertebrates: Invertebrate (without a backbone) animals which can be seen with the
naked eye. In rivers, common macroinvertebrates are insects, crustaceans, worms and snails.
Macrophytes: Plants that grow in lakes, ponds and rivers. They can be rooted in the bottom
and be totally submerged beneath the water throughout their life, or can emerge and stand
above the water line. Some are free-floating, preferring slow-flowing or still waters.
‘Natural flow’: Flow that is expected to occur in a river where there is no water extracted for
consumptive use. This is generally produced from a hydrologic model for a catchment using
rainfall and evaporation as the primary input data. It does not take into account any changes in
land-use that may have occurred over the period of interest.
Period of exceedance: Presented in the form of a percent value, this is an indication of the
amount of time flow is predicted to exceed a given threshold. For example, 90% exceedance
means that flow is predicted to exceed the threshold for 90% of the time. Flows that are
equivalent to the 90% exceedance level indicate relatively low flows.
TEFF: The recently developed ‘Tasmanian Environmental Flows Framework’. This
framework provides a ‘holistic’ approach to setting environmental flow recommendations.
WMP: Under the Water Management Act 1999, a Water Management Plan (WMP) is the
main vehicle whereby the State’s water resources are to be sustainably managed for the
economic and social benefits of the community while maintaining ecological processes and
aquatic biodiversity. WMP’s are developed at a catchment scale.
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CFEV project terms
Biophysical class: Under the CFEV Project, biological and physical variables relating to
freshwater dependent ecosystem were used to develop a ‘biophysical classification’ that is
applicable at a State-wide level. For riverine ecosystems, the main biophysical classifications
are for fish assemblages, geomorphic river types, aquatic plant assemblages, tree assemblages
and crayfish assemblages.
Conservation Management Priority Potential (CMPP): Freshwater ecosystems that need to be
considered in future developments or changes to land or water management within the
catchment. It is a summary estimate of the priority for conservation management integrating
assessed conservation value, condition and Land Tenure Security. An ecosystem can be
categorised as Very High, High, Moderate or Low Conservation Management Priority.
Special Values: Unique or ‘distinctive’ conservation values other than those captured by the
representativeness assessment process. These include values such as threatened flora and
fauna species, threatened flora and fauna communities, priority geomorphic and limnological
features and important bird sites.
Naturalness: A measure of the departure from pre-European natural reference condition. This
was derived for each ecosystem unit within the audit process as a single score based on a
variety of sources of biophysical information.
Representativeness: This was assessed by undertaking a biophysical classification of each
ecosystem based on pre-European settlement natural features (e.g. fish, riparian vegetation,
hydrology, etc.). It is defined as the degree to which each ecosystem is representative of the
class to which it has been assigned.
Distinctiveness: This component of the conservation value assessment is expressed in two
ways: whether the ecosystem unit contains rare classes of ecological components (a rare
biophysical class) and/or ‘Special Values’ (i.e. conservation values other than those selected
for representativeness).
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1. Introduction
This report provides an assessment of the environmental water requirements for the
Ringarooma River. It has been prepared for the Water Policy and Planning Branch of DPIW
(Department of Primary Industries and Water), to assist the development of a Water
Management Plan (WMP) for the Ringarooma River. It is expected that the recommendations
contained in this document will guide the environmental water provisions of the WMP;
however, formal provisions will be developed in consultation with the community during the
water management planning process.
This environmental flows assessment targets the ecosystem values identified by the
Conservation of Freshwater Ecosystem Values (CFEV) database. Whilst these
recommendations have been determined following the Tasmanian Environmental Flows
Framework, an holistic approach to determining environmental flows (DPIW, 2007), they
have not been determined from a detailed holistic assessment. Detailed holistic assessments
will be conducted in the Ringarooma catchment over the next two years as part of a project
being undertaken by DPIW to test and refine the methodology proposed within the
framework.
This assessment has four major components (Figure 1.1): (1) defining the freshwater
ecosystem values and objectives, (2) characterising the flow regime and the impacts of current
water use, (3) determining the minimum environmental flows for the upper and lower
catchments, and (4) developing guidelines for future flood allocations.
Ecosystem needs assessment

CFEV
Assessment

Freshwater ecosystem
values and objectives

Natural and current
flows comparison

Flow regime
characterisation

Instream habitat modelling
+
flood frequency analysis

Minimum
environmental
flows assessment

Flood flows
assessment

ENVIRONMENTAL FLOW RECOMMENDTAIONS
Figure 1.1 The main steps undertaken in the environmental flows assessment of the Ringarooma River.
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2. Freshwater Ecosystem Values and Flow Linkages
2.1 Study region
The catchment of the Ringarooma River is 980 km2 (Figure 2.1). Its headwaters are in the
foothills of the Ben Lomond Ranges and Mount Maurice, and the river flows northwards to
where it enters Bass Strait between the township of Tomahawk and Cape Portland. Major
tributaries in the upper catchment include the Maurice River, Dorset River, Ledgerwood
Rivulet and Federal Creek, all of which enter the Ringarooma River near the township of
Branxholm (Figure 2.1). Between the townships of Branxholm and Pioneer, the Cascade
River, Frome River, Weld River and Wyniford River enter the Ringarooma; these rivers drain
water from eastern area in the middle of Ringarooma catchment (Figure 2.1). A number of
agricultural water storages (i.e. farm dams) impound water which would have naturally
flowed in minor tributaries on the western side of the Ringarooma in this area of the
catchment. Below the township of Gladstone (Figure 2.1), the river flows out of the granite
dominated landscape and enters the Ringarooma floodplain system, which is an
internationally significant wetland mosaic that is listed under the Ramsar Convention on
Wetlands (see http://www.ramsar.org/).
Agricultural activities, such as intensive cropping and pig and dairy farming, along with
plantation and production forestry mostly occur in the middle and upper areas of the
catchment (Figure 2.1). Several dams and numerous water races were constructed in the
middle and lower parts of the catchment between 1850 and 1970 as part of tin mining
activities. The impacts of this mining, which was primarily conducted using sluicing methods,
are in evident in Ringarooma River downstream of Derby where deposits of granitic sands
and gravels dominate the substrate of the river. The Cascade Dam, with a storage capacity of
about 3,600 ML, is currently operated to supply water to the Winnaleah Irrigation District,
north of Derby.

2.2 Conservation of freshwater ecosystem values framework
The CFEV framework (DPIW, in prep.) (Figure 2.2) was developed in order to rate the
conservation value and management priority of all mapped examples of freshwater
ecosystems in Tasmania. The framework uses a systematic approach based on Naturalness*,
Representativeness*, and Distinctiveness*, and data which identify the natural biophysical
character and condition of the ecosystems in using a robust approach.
The CFEV framework provides a basis upon which to assess the relative conservation value
of an ecosystem unit, based on the relative rarity of its features and their condition. The
framework also provides data on the natural features and condition of single or multiple
ecosystem units. These data are used for a variety of purposes, including reporting, resource
planning, and environmental impact assessment.
Through a comprehensive state-wide audit, the CFEV framework has identified the natural
characteristics and current condition of freshwater ecosystems in Tasmania. A biophysical
classification of each ecosystem unit, based on pre-European settlement natural features,
provides the Representativeness aspect, which is defined as the degree to which each
ecosystem unit is representative of the class to which it has been assigned. An assessment of
change from pre-European or ‘natural’ reference condition provides the Naturalness aspect.

*

see Glossary for a definition of these words.
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Figure 2.1 The Ringarooma River catchment and the distribution of major land-use types and townships (map taken
from the Annual Waterways Report 2006 produced by DPIW).

Ecosystem theme

Rivers, Estuaries, Wetlands, Waterbodies, Saltmarshes and Karst

Classification

Other Groundwater
Dependent
Ecosystems (locations
only)

Condition assessment

Statewide audit

Physical and Biological classes (R)

Naturalness score (N)

Attributed spatial units

Spatial selection

Representative Conservation Value
Special Values (D)
Conservation
evaluation

Integrated Conservation Value
Land Tenure Security

Conservation Management Priorities
i) Priority to improve current management of freshwater ecosystem values (CMP-Immediate)
ii) Priority to maintain freshwater ecosystem values (CMP-Potential)

Figure 2.2 Step involved in the assessment of Tasmanian freshwater-dependent ecosystems under the CFEV
Framework, based on the state-wide audit and conservation evaluation (DPIW, in prep.).
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Through the classification, a suite of associated biophysical classes* is described for each
ecosystem unit. The CFEV framework determines Representative Biophysical Classes* for
each identified ecosystem spatial-unit (e.g. river sections and waterbodies). The
Representative Biophysical Classes are the ecological classes or groups that are used when
considering the value of an ecosystem spatial-unit during the conservation evaluation.
The Representative Biophysical Class is determined from the relative rarity of the different
biological and physical classes identified in each spatial unit from the state-wide audit (with
rarity partly contributing to the Distinctiveness aspect). The Representative Biophysical Class
may be a native fish assemblage, tree assemblage, crayfish assemblage, macro-invertebrate
assemblage, or type of geomorphology. In wetlands, the Representative Biophysical Class
may also be a frog assemblage or a representative vegetation type.
Using the rarity of the Representative Biophysical Class and the Naturalness of each spatial
unit, a spatial selection algorithm ranked all of the spatial units in each ecosystem type, to
indicate the relative importance or Representative Conservation Value* of each spatial unit
(Figure 2.2). To ensure that specific unique and important values are captured in the
conservation evaluation, an assessment of Special (Freshwater) Values1* is also included (the
second part of the Distinctiveness aspect). Each Special Value has a priority-based rating,
which is added to the Representative Conservation Value* to produce an Integrated
Conservation Value* (Figure 2.2). Some types of land tenure are considered to provide greater
protection for freshwater dependent ecosystem values than others. A ranking based on the
type of land tenure security is added to provide the final conservation management priorities*
(Figure 2.2).
The results of the audit and conservation evaluation are used to identify conservation values
and rank the conservation management priorities of freshwater ecosystems across the state.
Conservation management priorities may be ‘Immediate’, indicating areas where immediate
management actions are required to ensure the protection of significant conservation values,
or ‘Potential’, indicating areas that need to be considered where future developments or
changes to land or water management are proposed.
It should be acknowledged that the CFEV framework employs a wide variety of data sources,
of varying resolution. The assessment data for many sites is derived from complex models,
and as a result care should be taken when using specific variables at specific locations. Any
results with important management implications should be corroborated by on-ground
surveys. The strength of the CFEV data lies with its comprehensive coverage of Tasmania,
which allows landscape-scale comparisons, summaries, and the combination of complicated
data sets into readily interpreted indices.

2.3 Freshwater ecosystem values in the Ringarooma catchment
A detailed assessment of the environmental values in the Ringarooma catchment using the
CFEV database has previously been undertaken (DPIWE, 2004); however, a summary is
provided here (Figure 2.3; Table 2.1). In the Ringarooma River, areas of Very High Integrated
Conservation Value (ICV) generally occur in the upper reaches of the catchment and in the
area around the floodplain wetland system in the lower reaches of the catchment. Ecological
values in the Ringarooma catchment that are associated with High ICV are the fish and
riparian vegetation assemblages in the upper Ringarooma River and its tributaries, and the
vegetation communities and threatened species in the lower reaches of the river and the
associated floodplain wetlands. A recent survey by the Non-forest Vegetation Program of
DPIW (DPIW, 2006) confirmed the presence of many threatened plant species and
communities in the floodplain wetlands (Table 2.2).

*see Glossary for explanation of these terms.
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Figure 2.3 The Ringarooma River catchment and river clusters of Very High (numbered areas) and High Integrated
Conservation Value and the locations of riverine special values according to the CFEV database (CFEV, 2005). Note:
the phylogenetically distinct platypus (Ornithorynchus anatinus) is located in all river sections and this data is not
shown. Figure is taken from (DPIWE, 2004).
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Table 2.1 Locations of freshwater-dependent ecosystems in the Ringarooma catchment that have High or Very High
Integrated Conservation Value according to the CFEV database (CFEV, 2005). The biophysical class driving the
representativeness of these areas, together with any recorded special values, are also presented. All river sections
and wetlands also have the phylogenetically distinct platypus (Ornithorhynchus anatinus) listed as a special value,
but this information is not presented. Locations are approximate, and include small un-named tributaries. Further
information about the freshwater ecosystem values in the catchment are provided in a separate report compiled by
the CFEV Project (DPIWE, 2004).
Location

Relative
representativeness

Biophysical class

Special values

Upper Ringarooma River and
Federal Creek around Trenah

High

Tree assemblages

-

Upper Maurice River

High

Fish assemblages

-

Carries Brook

High

Tree assemblages

-

Middle and upper sections of
New and Dorset Rivers

High

Tree assemblages

-

Ringarooma River between
Dorset River confluence and
Branxholm

High

Tree assemblages

• Shrubby Eucalyptus ovata
forest

Lower Legerwood Rivulet and
Fenckers Creek

High

Tree assemblages

• Shrubby Eucalyptus ovata
forest

Black Rivulet

High

Fish assemblages

-

Ringarooma River upstream
Derby

High

Tree assemblages

• Shrubby Eucalyptus ovata
forest

Mid-upper Main River

High

Tree assemblages

• Branching rush (Juncus
prismatocarpus)

Weld River at Harridge Falls

Low

-

Rivers

• Fern Creek hydrobiid snail
(Beddomeia briansmithi)
• Terrys Creek hydrobiid snail
(Beddomeia tasmanica)

OK Creek

Low

-

Ringarooma River between
Pioneer and South Mt Cameron

High

Fish assemblages

Ringarooma River at Ogilvies
Flats

Low

-

• Marginal herbland/grassland
(priority flora community)

Ringarooma River downstream
Bells Bridge

Low

-

• Bristly knotweed (Persicaria
subsessilis)

• Frome River hydrobiid snail
(Beddomeia fromensis)
-

• Dwarf galaxias (Galaxiella
pusilla)
Wetlands
Rushy Lagoon, including the
lower Ringarooma River, The
Chimneys, Fosters Marshes
and Shantys Lagoon

Moderate

Fish assemblages

• Melaleuca ericifolia coastal
swamp forest
• Native gipsywort (Lycopus
australis)
• Purple loosestrife (Lythrum
salicaria)
• Ribbon weed (Vallisneria
Americana)
• Dwarf galaxias (Galaxiella
pusilla)
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Table 2.2 Summary of significant flora and fauna species and communities that influence the Integrated Conservation Value
of rivers and wetlands in the Ringarooma catchment. Information from the CFEV database (CFEV, 2005) and a recent onground flora survey of the floodplain wetlands (DPIW, 2006) is presented.
Area

Flora species or communities

Fauna species or communities

Upper river and
tributaries

• Shrubby gum (Eucalyptus ovata) forest
• Branching rush (Juncus prismatocarpus)

• Hydrobiid snail species (Beddomeia complex)
• Giant freshwater crayfish (Astacopsis gouldi)
• Fish assemblage (Anguilla australis, Anguilla
reinhardtii, Galaxias truttaceus, Geotria
australis, Mordacia mordax, Gadopsis
marmoratus and Pseudaphritus urvillii)
• Platypus (Ornithorynchus anatinus)

• Riparian vegetation community that
includes wet Eucalyptus species, Acacia
melanoxylon and Nothofagus
cunninghamii
Lower river and
Ramsar floodplain
wetlands

• Coastal paperbark (Melaleuca ericafolia)

Purple loosestrife (Lythrum salicaria)
Ribbon weed (Vallisneria americana)
Bristly knotweed (Persicaria subsessilis)
Native gipsywort (Lycopus australis)
Erect marshflower (Villarsia exaltata)

• Dwarf galaxias (Galaxiella pusilla)
• Green & gold frog (Litoria raniformis)
• Fish assemblage (Nannoperca australis,
Anguilla australis, Anguilla reinhardtii,
Galaxias truttaceus, Galaxias maculatus,
Geotria australis, Mordacia mordax, Gadopsis
marmoratus, Prototroctes maraena,
Pseudaphritus urvillii, Retropinna tasmanica,
Neochanna cleaveri and Galaxiella pusilla)
• Platypus (Ornithorhynchus anatinus)

• Marginal herbland/grassland community

• Bowlers Lagoon (fauna species richness site)

• Swamp forest community
• Scented paperbark scrub (Melaleuca
squarrosa)
•
•
•
•
•

2.4 Maintaining freshwater ecosystem values
Priority freshwater ecosystem values in the Ringarooma River catchment consist of native
fish assemblages, riparian plant communities along the upper river system, and plant
communities within the Ramsar wetlands near the lower catchment. A number of vulnerable,
rare or endangered species also contribute to ecosystem values, including the giant freshwater
crayfish, green and gold frog, dwarf galaxias and numerous wetland and riparian plant
species. The phylogenetically distinct platypus, which occurs throughout the catchment, is
also an important value.
A major consideration in the future management of the water resources of the catchment is
providing a flow regime that will meet the needs of these ecosystem values, and sustain them
in the long-term. To understand what a suitable flow regime should include, the ecological or
hydrological functions that support these environmental values were examined (Table 2.3).
This analysis has been carried out for the Ringarooma River system using a similar process to
that detailed in the FLOWS method (DNR&E, 2002), a method developed and used in
Victoria, Australia for linking environmental objectives to particular components of the flow
regime.
The information in Table 2.3 provides appropriate environmental objectives based on the
ecosystem values identified from the CFEV assessment, and indicates the important flow
components that influence these objectives. In most cases, references to published research
have been made to demonstrate the validity of the links between flow components and
specified ecological functions. These flow components should be considered when reviewing
the impact of current water use in the catchment on the hydrology of the river system
(Chapter 3), as it will indicate which of the ecosystem functions is threatened or impaired.
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Maintain the diversity and abundance of
macroinvertebrate communities

Adult migration and dispersal

Maintain healthy populations of native fish

Minimum flows to support adequate instream habitat during dry
months (Brunke et al., 2001)

Instream habitats that support abundant populations
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Bank-full and over-bank flows during winter and spring; see flow
components for riparian vegetation (below)

Riparian vegetation habitats for breeding and oviposition, and sources of
instream wood and leaf-packs for food and habitat

Summer freshes to control unpalatable and habitat-smothering
filamentous algae (Biggs, 1996)

Seasonal pattern of change in baseflow and flow variability; frequency
and occurrence of freshes and high flow events (Bond & Downes,
2003)

Low flows and freshes that ensure adequate water is delivered to
floodplain wetlands to sustain habitat for fish during extended dry
periods (Pen et al., 1993)

Minimum flows that maintain river connectivity during summer
(Magoulick & Kobza, 2003)

Maintenance of water in floodplain wetlands to provide habitat for
juvenile fishes (Humphries, 1995)

Minimum flows to maintain sufficient instream and wetland nursery
habitat during summer

Flow events that maintain adequate connectivity between the river and
the floodplain wetlands (Roberts et al., 2000)

Flood events that flush out fine sediments and rejuvenate and
maintain spawning sites (Berkman & Rabeni, 1987)

Seasonal occurrence and magnitude of freshes and minor floods that
initiate spawning (O'Connor & Koehn, 1998)

Baseflows that provide riverine connectivity (Bunn & Arthington, 2002)

Seasonal occurrence and magnitude of freshes and minor flood
events that act as triggers (Jowett et al., 2005)

Flow components that support the ecological features/functions

Migration and instream dispersal through ‘drift’

Maintenance of habitat for fish communities during dry periods

Recruitment

Spawning

Ecological features/functions that support the environmental
objectives

Environmental objectives

Table 2.3 Environmental objectives of the environmental flow assessment of the Ringarooma catchment and their associated flow components.

Maintain healthy plant communities within
floodplain wetlands

Maintain benthic metabolism and
productivity of riverine ecosystem

Maintain platypus populations

Environmental objectives

Table 2.4 Continued…

Freshes and floods to redistribute bed material and woody debris, and
provide a diversity of benthic and hydraulic habitats (Downes et al.,
1998; Dyer & Thoms, 2006)

Diversity of instream and wetland habitats that support invertebrate
species diversity

Small freshes during summer-autumn to reduce risk of planktonic algal
growth and subsequent bloom development in wetlands (Webster et
al., 2000)

Water clarity for plant survival and growth
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Over-bank floods that result in floodplain-scale recharge of local
groundwater systems (Winter, 1999)

Sufficient habitats during dry periods when wetlands are disconnected
from the river

Flooding to stimulate germination and growth (Britton & Brock, 1994)
through disturbance and deposition of sediment and nutrients

Seasonal pattern of wetting and drying and rates of rise and fall (Riis &
Biggs, 2003; Roberts et al., 2000)

Seasonal flow events that flush-out attached algae and mobilise bed
materials

Seasonal reduction in filamentous algae cover and re-setting of the
colonisation processes of biofilms

Germination, growth and reproduction and successional processes in
plant communities

Maintain hydraulic head above riffle habitats (i.e. water level in
upstream pools and runs) and conditions that maintain flow through
interstitial pores (Malcolm et al., 2004)

Summer low flows (maintenance of leaf-packs) and winter high flows
for foraging (Otley et al., 2000)

Maintenance of forage habitat

Sufficient instream habitat

See flow components that support objectives relating to riparian
vegetation and river geomorphology

Riparian and river bank habitats that are suitable for burrows

Low flows and freshes that maintain plant communities within
wetlands as habitat for aquatic invertebrates (see objectives for
wetland plants)

Low flows and freshes that are sufficient to maintain wet leaf-packs
and detritus (Langhans & Tockner, 2006)

Flow components that support the ecological features/functions

Ecological features/functions that support the environmental
objectives

Maintain current geomorphic character and
processes

Frequency and duration of freshes and moderate flow events
Flood events that mobilise varying size-fractions of bed material and
create 'new' patches of instream habitat (Milhous, 1998)
Frequency, duration and rates of rise and fall of over-bank flow events
(Knighton, 1989)

Scouring and transport of fine materials

Redistribution of large-sized bed materials

Floodplain physical features and processes
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Frequency and duration of bank-full flow events
Channel maintenance flows (Gordon et al., 2004)

Periods of stable low flow and periodic short-term wetting events
(Goodson et al., 2001)

Seedling establishment and survival

River channel physical features and associated processes

Freshes and floods to disperse seeds and aid recruitment (Askey-Doran
et al., 1999)

Seed dispersal and germination

Larger over-bank flood events to seasonally recharge local
groundwater systems (Winter, 1999)

Bank-full flows to create bank storage and discharge

Seasonal high flow events and rates of rise and fall (Hughes et al.,
2001)

Access by riparian vegetation to groundwater during dry periods

Sustain existing riparian and floodplain
vegetation in the upper riverine reaches

Flow components that support the ecological features/functions

Established tree and shrub re-generation through disturbance

Ecological features/functions that support the environmental
objectives

Environmental objectives

Table 2.4 Continued…

3. Hydrology of Rivers in the Ringarooma Catchment
The hydrological character of various locations within the Ringarooma catchment have been
assessed and reported on separately (DPIW, 2008), and the following information has been
taken from that report. This information includes a brief summary of the findings of that
document, and an assessment of the impacts of current water use on the natural flow regimes
of rivers in the catchment.
The hydrological character of the Ringarooma River has been described at four locations
across the catchment (Figure 3.1), as these were locations where data for environmental flows
assessments were required:
1

Ringarooma River at Cottons Bridge (immediately downstream of the Maurice
River junction)

2

Dorset River at Dead Horse Hill (upstream of the Ringarooma River junction)

3

Ringarooma River at the Yeates property (below the confluence with the Dorset
River)

4

Ringarooma River at Bells Bridge (lower reaches of the catchment above the
wetland system)

Under the water management plan for the Ringarooma catchment it is envisaged that water
will broadly be managed within four sub-regions; Legerwood, Upper Ringarooma, Middle
Ringarooma and Lower Ringarooma. Although it is a relatively small area, Legerwood
Rivulet has been selected as a separate management unit due to the high level of water
resource development (mainly as instream dams) in its catchment. For these reasons, no
environmental flow assessment site was selected within the Legerwood subregion.
Hydrological characterisation for the main river and its tributaries in the upper catchment (e.g.
Dorset and Maurice Rivers) has been undertaken at locations 1-3 identified above, as they are
representative of the physical character of the river network in this area. To develop
environmental flow recommendations for the floodplain wetland system at the bottom of the
catchment, modelled natural flow data from the Bells Bridge location was used.
To undertake an assessment of changes to flow that have occurred due to water use, a
catchment model has been used. Natural flow* was derived from a water balance model
constructed for the Ringarooma catchment. This model predicts natural streamflow based on
daily rainfall and evaporation records (for further information, see DPIW 2008). The model
was also used to derive a daily time series of current flow*, which takes into account water
allocated for irrigation and can provide an indication of departure from natural flow
conditions. Modelled streamflow has been used because it can provide an unbroken time
series of daily flow up to 100 years. Although modelled data from 1901 is available, data
from 1960 onward was used for the analyses for the following reasons because: (1) the
rainfall and evaporation data prior to 1960 is less reliable, and (2) the period between 1960
and 2003 is more representative of the prevailing climatic conditions; prior to 1960 the data
reflects a wetter climate.

*

see Glossary for explanation of these terms.
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Figure 3.1 The Ringarooma River catchment, the main channel of Ringarooma River (dark blue) and its major
tributaries showing the locations used to characterise the hydrology of the catchment. Sub-catchment boundaries are
also shown.

3.1 Current water use and yield
Current water allocations in the Ringarooma River catchment are heavily concentrated in the
Legerwood and Upper Ringarooma subregions (Figure 3.2). Within these two subregions, all
of the water (approximately 8,800 ML) is used for consumptive uses. In the Legerwood
catchment, inspection of aerial photography shows that there are more than 40 substantial
instream and catchment dams within the relatively small area (60 km2).
In the Middle Ringarooma subregion, the vast majority of the licensed allocation is for hydroelectric power production, and whilst this results in some modification of the flow regime in
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parts of the subregion (because of storages and diversions), the majority of this water is
returned to the river system. Of the 36,186 ML currently allocated annually within the
Ringarooma catchment, only about 9,100 ML is used for irrigation.

Figure 3.2 The Ringarooma River catchment showing the distribution, relative size and type of water allocation as
recorded in the WIMS database, 2007. Allocations include water used for irrigation, hydro-power production and
other uses. The water management plan (WMP) subregions are shown in different colours.
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The months when the highest water yield occurs throughout the catchment are July, August
and September (Table 3.1). More than 80% of the average annual yield for the catchment
occurs between the months of May and October. Licensed water allocation in the catchment is
less than 10% of the average annual catchment yield, although only about 25% of this water is
used for agricultural production (Table 3.1).
Table 3.1 Average natural monthly, seasonal and annual yields (ML) in the water management plan subregions of
the Ringarooma River catchment. Annual allocations within each subregion are also given. WMP2 includes Federal
Creek and the Maurice, Dorset and New Rivers; WMP3 includes the Cascade, Weld, Frome, and Wyniford Rivers.
WMP1 Legerwood

WMP2 –
Upper
Ringarooma

WMP3 –
Middle
Ringarooma

WMP4 - Lower
Ringarooma
(outlet)

Jan

741

4,027

4,058

1,716

Entire
Ringarooma
Catchment
(outlet)
10,542

Feb

501

2,740

2,815

1,231

7,287

Mar

416

2,341

2,287

924

5,969

Apr

576

3,407

3,122

690

7,795

May

1,893

10,831

7,920

1,163

21,807

Jun

3,732

20,395

14,726

3,420

42,273

Jul

5,802

30,775

24,193

5,973

66,744

Aug

7,039

36,537

29,211

8,512

81,300

Sep

4,990

26,409

22,198

7,375

60,972

Oct

3,221

17,104

14,970

5,541

40,836

Nov

1,655

8,829

8,322

3,400

22,207

Dec

1,160

6,288

6,242

2,353

16,042

Winter yield (May-Oct)

26,678

142,052

113,219

31,984

313,932

Summer yield (Nov-Apr)

5,049

27,632

26,846

10,314

69,842

Annual yield

31,727

169,684

140,064

42,298

383,774

Annual allocation

2,349

6,513

25,838

1,486

36,186

3.2 Flow duration analyses
A flow duration curve (FDC) is a plot of discharge versus percent of time that a particular
discharge was equalled or exceeded. An FDC is a visual representation of the range of flows
that occur in a river system and their relative occurrence. They display the relationship
between the magnitude and frequency of daily, weekly, monthly or yearly streamflow for a
particular river, and provide an estimate of the percentage of time a given streamflow was
equalled or exceeded over a historical period.
The shape of a FDC in its upper and lower regions is particularly important in evaluating the
characteristics of the flow regime in a river system. The shape of the curve in the high-flow
region indicates the type of flood regime the basin is likely to have, whereas the shape of the
low-flow region provides an indication of the ability of the basin to sustain low flows during
dry periods. A very steep curve (i.e. high flows for short periods) would be expected for raininduced floods in small watersheds. In the low-flow region, an intermittent stream would
exhibit periods of no flow, whereas a very flat curve indicates that moderate flows are
sustained throughout the year due to natural or artificial streamflow regulation, or
groundwater inputs.
FDCs have been generated for the four environmental flow assessment locations (Figure 3.3).
These duration curves compare flow characteristics of natural and current flow conditions.
The most notable feature in all cases (Figure 3.3) is that large differences between the natural
and current curves occur at low flows; this is most evident at the Cottons Bridge site where
summer water abstraction is predicted to create zero flow conditions for about 18% of the
time. In reality, current water management practice is to implement water use restrictions
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during dry periods; thus, preventing this situation. Rules representing water use restrictions
have deliberately not been incorporated into the model, so that the current flow output
represents a ‘worst case’ scenario and does not pre-define any ‘de facto’ minimum flow level.
In contrast, water abstraction in the Dorset River sub-catchment is relatively less and, hence,
appears to have much less of an impact on low flows. The current flow duration curve only
begins to depart from natural appreciably at about the 60% flow exceedance threshold.
The other feature to be noted from these graphs is the flatter form of the natural flow duration
curve for the Bells Bridge site. This suggests that between Branxholm and Gladstone (where
Bells Bridge crosses the Ringarooma River), the river may be receiving increased input from
groundwater sources. The geology of this region suggests that there is some potential for this,
but as yet, this is unconfirmed.

Flow Duration curve for Dorset River (1960-2006)

Flow Duration curve for Cottons Bridge (1960-2006)
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Flow Duration curve for Dorset-Ringaroom a Junction (1960-2006)

Flow Duration curve for Bells Bridge (1960-2006)
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Figure 3.3 Flow duration curves for the four environmental flow assessment locations in the Ringarooma River
catchment, using modelled daily ‘natural’ and ‘current’ flow data.
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Table 3.2 Mean flow statistics (ML day ) for natural and current flows at the four environmental flow assessment
locations in the Ringarooma River catchment. Statistics have been calculated using modelled daily ‘natural’ and
‘current’ flow data, 1960-2006.

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Winter
Summer
Mean
Median
CV
#
Daily min
Daily max
10th%ile
30th%ile
90th%ile

Ringarooma River at
Cottons Bridge

Dorset River at Dead
Horse Hill

Ringarooma River at
the Yeates property

Ringarooma River at
Bells Bridge

natural
2115
1447
1246
1875
5985
11118
16463
19689
14167
8949
4562
3254
76372
20940
249
109
1.412
6.28
4214
617
259
26

natural
1769
1184
1021
1471
4716
8768
13433
15765
11360
7515
3942
2817
61555
17491
202
87
1.458
5.65
4250
494
208
22

natural
4027
2740
2341
3407
10831
20395
30775
36537
26409
17104
8829
6288
142052
39744
465
204
1.404
12.477
7964
1148
486
50

natural
10241
7076
5822
7744
21808
41864
66182
80084
59798
39925
21628
15645
309661
98161
1034
492
1.338
31.558
16124
2554
1094
129

current
840
419
282
937
5809
11006
16347
19573
14054
8833
4018
1916
75623
10745
230
88
1.559
0
4211
610
252
0

current
1396
862
651
1114
4631
8710
13373
15705
11303
7455
3662
2445
61177
14029
195
79
1.52
0
4248
491
205
12

current
2170
1201
812
1937
10379
20055
30426
36188
26071
16755
7844
4383
139872
24210
433
169
1.528
0
7953
1135
470
8

current
4458
2404
1433
3452
18891
38636
62326
76136
56006
36123
16127
9442
288119
48652
891
319
1.558
0
15995
2415
952
11

#Flow is predicted to drop to zero at all locations at least once under modelled ‘current’ flows, which are estimated
using water allocation data in the absence of water use restrictions.

3.4 Hydrological disturbance
Indices of hydrological disturbance at each of the study sites were derived from a comparison
of the ‘natural’ and ‘current’ flow data that was generated by the hydrological model for the
catchment (Table 3.3a). The indices were calculated using the formulas developed by
Sinclair Knight Mertz for the Murray-Darling Basin (SKM, 2003) which were used for the
Sustainable Rivers Audit. Each of these indices (which are briefly explained in Table 3.3b)
provides a measure of the modification to the flow regime that has occurred as a result of
existing water use in the catchment.
The greatest degree of hydrologic alteration (across all five indices) occurs at Bells Bridge
and is largely due to the changes that have occurred at the middle and low-flow end of the
water regime. This is illustrated by the lower values for the flow duration curve difference
index and the seasonal amplitude index. At all reaches, the basic character of the flow regime
(as indicated by the mean annual flow index and the seasonal period index) remains relatively
intact, and reflects the low impact that the few larger storages have had on the flow regime at
the environmental flow assessment locations.
Table 3.3a Indices of hydrological disturbance at environmental flow assessment locations in the Ringarooma
catchment derived from modelled current flow data. The indices are described in Table 3.3b.

Hydrological Disturbance
Indices

Ringarooma
River at Cottons
Bridge

Dorset River at
Dead Horse Hill

Ringarooma
River at the
Yeates property

Ringarooma
River at Bells
Bridge

Mean Annual Flow Index

0.92

0.97

0.93

0.86

Flow Duration Curve
Difference Index

0.62

0.83

0.68

0.59

Season Period Index

1.00

1.00

1.00

1.00

Seasonal Amplitude Index

0.61

0.82

0.67

0.60

Hydrological Disturbance
Index

0.73

0.87

0.77

0.70

16

Table 3.3b Indices used to assess hydrological disturbance in the Ringarooma catchment.
Mean Annual Flow Index:
A measure of the difference in total flow volume between current and natural conditions. It is calculated as the ratio
of the current and natural mean annual flow volumes and assumes that increases and reductions in mean annual
flow have equivalent impacts on habitat condition.
Flow Duration Curve Difference Index:
A measure of the overall difference between current and natural monthly flow duration curves based on the
deviation over a number of percentile flow points. All flow diverted would give a score of zero.
Seasonal Periodicity Index:
Identifies the degree of change in the seasonal timing of high and low flow conditions.
Seasonal Amplitude Index:
The change in amplitude of the seasonal pattern of monthly flows. It is defined as the average of two
current:natural ratios, firstly, of the highest monthly flows, and secondly, of the lowest monthly flows based on
monthly means.
Hydrological Disturbance Index:
An indication of the overall disturbance to the river’s natural flow regime. A value of 1 represents no hydrological
disturbance, whilst a value approaching 0 represents extreme hydrological disturbance.

3.5 Summary of flow changes in the Ringarooma River
The flow regime of the Ringarooma River under current levels of water usage (i.e. those
during 2007) is generally similar to the natural flow regime. Whilst many of the tributaries are
largely unaffected by water resource use, the exceptions to this are the Cascade and Frome
Rivers in the Middle Ringarooma subregion, which contain substantial instream storages for
irrigation and hydro-power purposes, and Legerwood Rivulet. In Legerwood Rivulet, the
intensity of water resource development (instream and catchment dams) has greatly altered
the flow regime.
Overall, the flow regime of the catchment is relatively predictable, with considerably higher
flows over winter when there is more rainfall, and lower flows over summer when it is drier.
The main effect of water abstraction in the upper catchment has been to lower the flows
during summer, increasing the seasonal amplitude of flow changes; this is greater in the
Ringarooma River at Cottons Bridge than in the Dorset River. The hydrological analyses for
the Ringarooma River at Bells Bridge (towards the bottom of the catchment) suggest that the
combined impact of irrigation abstraction and the development and operation of storages in
the catchment have significantly altered the middle and low flow components of the flow
regime of the lower river system.
Current water use is generally most intense during the summer, which reduces streamflow
during these months, impacting on low and intermediate flows during summer. Therefore, the
environmental flow recommendations should aim to address issues associated with these parts
of the flow regime.
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4. Conceptual models and risk assessment
4.1 Conceptual model development
The information provided in Chapters 2 and 3 provide a basis from which conceptual models
for the Ringarooma River system can be developed. Conceptual models are useful tools for
communicating complex ideas in a visual manner. They integrate current understanding of
ecosystem dynamics and provide a working hypothesis about system form and function
(Manley et al., 2000). Furthermore, they can be used to highlight the main elements that
define an ecosystem (Heemskerk et al., 2003).
For this study, conceptual models were developed to illustrate important aspects of the river
ecosystem, and the flow-dependence of many processes and characteristics. A conceptual
model for the middle and upper reaches of the river (Figure 4.1) has been developed under the
TEFlows project, which is currently being conducted within the Water Assessment Branch of
DPIW. For the purposes of this report, this conceptual model reflects the current
understanding of the riverine environments in the upper Ringarooma catchment. From this,
some of the key flow components that need to be considered in the environmental flows
assessment for the middle and upper river system are:
•

Minimum flows to ensure adequate instream habitat is available for aquatic fauna, in
particular habitat within the defined active channel of the river and wetted woody and
other organic material.

•

Over-bank flows that will maintain a healthy riparian vegetation community, upon
which the aquatic food web relies for food and energy, and preserve the connections
between the river and local groundwater systems.

•

Channel maintenance flows that serve to maintain geomorphic processes that create
existing instream habitat features and transport sediment through the river system.

•

Seasonal changes in baseflows that provide suitable conditions for the life histories of
aquatic macroinvertebrates.
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1.
2.

3.
4.
5.

6.
7.
8.

Homogeneous, well-mixed sediment structure within the river
Low diversity of within-channel structural features
- distinct, repeated sequences of features
- well-defined active channel
Active exchange of water between the river and hyporheic and groundwater areas
Minimal sediment and organic matter exchange with the floodplain
- homogeneous sediment and organic matter texture on floodplain
Narrow riparian zone
homogeneous species composition of riparian vegetation community
homogeneous age-structure of riparian vegetation community
longitudinal consistency of riparian vegetation structure
Low abundance and patchy distribution of accumulated wood and organic matter
wood and organic matter provides instream habitat opportunity
Rapid break down of organic matter entering aquatic system
Food web that is dependant on terrestrial carbon
- shredder-dominated macroinvertebrate assemblage
- low diversity food web that is strongly dependant on terrestrial sources of energy

Figure 4.1 Conceptual model for the middle reaches of the Ringarooma River which incorporates hydrology, channel
structure, sediment character, riparian vegetation, food web structure and ecosystem processes. Model was
developed by the DPIW TEFlows Project.
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For the Ringarooma floodplain and associated wetland system, we have used the findings of
previous work on this system (Jerie & Houshold, 2001) to develop a conceptual
understanding of the riverine environment (Figure 4.2). The work of Jerie & Houshold (2001)
was based on interpretation of early survey maps, aerial photographs, on-ground field
investigations and previous studies of tin mining sediment generation and movement in the
catchment (Knighton, 1989). It showed that increased deposition of mining-derived sediment
on the floodplain has accelerated lateral movement of the river channel. Accelerated sediment
deposition has also led to infilling and movement of wetlands and lagoons on the floodplain
as well as changes to the hydrological connection between the river and individual wetlands.
This abnormal situation is predicted to continue for the next 50-100 years, as there are still
considerable volumes of mining tailings travelling down the river system.
Although this model (Figure 4.2) has been developed to describe the geomorphology of the
area and the fluvial history of the floodplain, they are useful in highlighting the changing
nature of the connection between the river and the floodplain wetlands. Using this model, we
have highlighted particular issues that relate to the flow regime of the lower Ringarooma
River and the environmental water requirements of the wetlands on the floodplain
(Figure 4.2). With this conceptual understanding of the system, and knowledge of the key
ecosystem values (identified in Chapter 2), the following key flow components have been
identified as important for the environmental flows assessment of the lower river system:
•

Maintain sufficient minimum flows in the river to supply water to wetlands on the
western side of the floodplain which presently have a strong hydrological connection
to the river.

•

Preserve sufficient flood water to recharge the local groundwater systems around the
floodplain, upon which the wetlands are likely to rely to varying degrees.

•

Ensure that the period of hydrological disconnection of The Chimneys wetlands from
the river is not increased, as this might increase the potential for water quality
deterioration and subsequent reduction in biodiversity within the wetlands.

•

Preserve intermediate and larger flow events that maintain flushing of dilute river
water through The Chimneys wetlands, reducing the nutrient loads that may
accumulate during extended periods of river-wetland disconnection.
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•

•
•

•

Position of the active river channel, and its hydrological linkage with wetlands in the floodplain, is
heavily influenced by the deposition of pre- and post-mining derived sediments and the frequency of
large floods.
Wetlands are areas of high biological diversity in comparison to the river and have varying levels of
hydrological connection with the river.
Wetlands on the eastern side of the floodplain experience periods of disconnection from the river and
rely on groundwater to maintain baseline water levels. Land around these wetlands is subject to intense
dairy farming and are likely to experience significant nutrient enrichment from runoff.
Wetlands on the western side of the floodplain are intimately linked with changes in river flow and, thus:
experience larger annual changes in surface area
have more extensive littoral fringes
have ongoing sediment deposition which is continuingly altering hydrological connection with the
river

Figure 4.2 Geomorphic model of the lower Ringarooma floodplain illustrating the history of sediment deposition that
has influenced changes in location of the river channel and connections between the river and the wetlands on the
floodplain. Model taken from (Jerie et al., 2001).
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4.2 Flow components and risk assessment
The primary impact of current water use on the hydrology of the rivers in the catchment is on
the intermediate and low flow components of the flow regime (Chapter 3). This reflects the
dependence of many water users on direct abstraction of water from the river system during
the irrigation season, particularly in the upper regions of the catchment. Knowing what parts
of the flow regime have been impacted most by water use, the environmental objectives
identified in Chapter 2 are reviewed to assess how these may be impacted the current level of
water abstraction (Table 4.1). In Table 4.1, the flow components that support each of the
environmental objectives are re-stated and relative levels of risk are provided based on
knowledge of the degree of hydrological alteration caused by current water use.
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F, Bff
Lf

Lf, F
Lf, F, Bff, Obf
Lf, F
Lf, F

Flow events that flush-out fine sediments and rejuvenate and maintain
spawning sites
Flow events that maintain adequate connectivity between the river and
floodplain wetlands
Minimum flows to maintain sufficient instream and wetland nursery
habitat during summer
Maintenance of water in floodplain wetlands to provide habitat for juvenile
fishes
Minimum flows that maintain river connectivity during summer
Low flows and freshes that ensure adequate water is delivered to
floodplain wetlands to sustain habitat for fish during extended dry periods

Table 4.1 Continued…

F
F, Bff, oBF
Lf, F

Summer freshes to control unpalatable and habitat-smothering
filamentous algae
Freshes and flood that redistribute bed material and woody debris, and
provide a diversity of benthic and hydraulic habitats
Low flows that a sufficient to maintain wet leaf packs and detritus
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Lf

-

Minimum flows that support adequate instream habitat during dry months

Bank-full and over-bank flows during winter and spring

Lf, F, Bff

F, Bff, Obf

Seasonal occurrence and magnitude of freshes and minor floods that
initiate spawning

Seasonal pattern of change in baseflow and flow variability; frequency
and occurrence of freshes and high flow events

Lf

Baseflows that provide riverine connectivity

Maintain the diversity and abundance of
macroinvertebrate communities

F, Bff

Seasonal occurrence and magnitude of freshes and minor flood events
that act as triggers

Maintain healthy populations of native fish

Flow code

Flow components that support the objective

Environmental objective

-

Summer-Autumn

Anytime

Summer-Autumn

Summer-Autumn

Anytime

Spring-Autumn

Summer

Spring-Summer

Medium

Low

Medium

Medium

See flow components
for riparian
vegetation

Low

Medium

Medium

Low

Low

Medium
Summer

Low

Winter-Spring
Summer-Autumn

Low

Low

Autumn-Winter

Medium

Autumn
Spring-Summer

Medium

Medium

Summer-Autumn

Low

Spring

Risk

Autumn-Winter

Time

Table 4.1 Environmental objectives of the environmental flow assessment of the Ringarooma catchment and their associated flow components (from Table 2.3), and the indicative risk posed by
current water use. Risk is categorised as low or medium levels of risk, based on the part of the flow regime that appears to be most affected by current water abstraction. The key flow components
(flow codes) that influence the environmental objectives are shown (Lf = low flows, F = freshes, Bff = bank-full floods, Obf = over-bank floods).

Table 4.1 Continued…

Maintain current geomorphic character and
processes

Sustain existing riparian and floodplain vegetation in
the upper riverine reaches

Maintain healthy plant communities within floodplain
wetlands

Maintain benthic metabolism and productivity of
riverine ecosystem

Maintain platypus populations

Environmental objective

F, Bff
Lf, F, Bff

Freshes and floods that disperse seeds and aid plant recruitment
Periods of stable low flow and short-term wetting events

24

F, Bff

Bff, Obf

Seasonal high flow events and rates of rise and fall

Frequency and duration of bank-full events

Obf

F, Bff

Small freshes during summer-autumn to reduce risk of planktonic algal
growth and subsequent bloom development in wetlands

Large over-bank flood events to seasonally recharge local groundwater
systems

Bff, Obf

Over-bank floods that result in floodplain-scale recharge of local
groundwater systems

Bff, Obf

F, Bff, Obf

Flooding to stimulate germination and growth and through disturbance
and deposition of sediment and nutrients

Bank-full flows to create bank storage and discharge

F, Bff, Obf

F, Bff, Obf

Seasonal flow events that flush-out attached algae and mobilise bed
materials
Seasonal pattern of wetting and drying and rates of rise and fall

Lf

Lf, Bff, Obf

Summer low flows (maintenance of leaf-packs) and winter high flows for
foraging
Maintain hydraulic head above riffle habitats (i.e. water level in upstream
pools and runs) and conditions that maintain flow through interstitial pores

-

-

Low flows and freshes that maintain plant communities within wetlands as
habitat for aquatic invertebrates
Flows that maintain riparian vegetation and river geomorphology

Flow code

Flow components that support the objective

Low

Low to Medium
Anytime

Medium

Spring-Summer

Low to Medium

Low

Low

Low

Low to Medium

Low

Low

Low

Low

Autumn

Autumn-Winter

Anytime

Winter-Spring

Winter-Spring

Summer-Autumn

Winter-Spring

Winter-Spring

Winter-Spring

Autumn-Winter

Moderate

Low

Summer-Autumn

Moderate

Summer-Autumn

See flow components
for riparian
vegetation and river
geomorphology

See flow components
for wetland plants

Risk

Winter

-

-

Time

Environmental objective
Bff, Obf
F, Bff
Bff, Obf
Obf

Channel maintenance events
Frequency and duration of freshes and moderate flow events
Flood events that mobilise varying size-fractions of bed material and
create 'new' patches of instream habitat
Frequency, duration and rates of rise and fall of over-bank flow events
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Flow code

Flow components that support the objective

Anytime

Anytime

Anytime

Anytime

Time

Low

Low

Low

Low

Risk

5. Assessment of Ecosystem Requirements
5.1 Methodology
As mentioned in Chapter 1, DPIW has recently reviewed current national and international
approaches to the assessment of environmental flows for riverine ecosystems and developed a
new approach (the Tasmanian Environmental Flows Framework (TEFF)) for assessing the
environmental water requirements for rivers in Tasmania (DPIW, 2007). The TEFF comprises
the following main steps:
1. Identify clear values and objectives of the environmental flows.
2. Identify representative river reaches, conduct assessments using hydraulic and
hydrological models to characterise physical habitat and biological diversity of the
system, and identify specific flow events that relate to these attributes.
3. Conduct analyses of the hydrological time series to characterise parts of the flow
regime that will support the maintenance of the previously identified environmental
values.
4. Define the recommended flow regime according to the environmental flows
objectives.
The freshwater ecosystem values and environmental objectives for the rivers within the
Ringarooma catchment have been assessed using the Conservation of Freshwater Ecosystems
Values (CFEV) database (CFEV, 2005). The freshwater-dependent ecosystem values and
environmental objectives that have been derived for the Ringarooma are presented in
Chapter 2, along with the associated components of the flow regime.
The surface water hydrology of rivers in the catchment has also been assessed (DPIW, 2008)
and the results of this detailed analysis are briefly summarised in Chapter 3. In this chapter
the main characteristics of the flow regime, along with changes that have occurred as a result
of water use in the catchment, are presented.
In Chapter 4, information on the ecosystem values and the hydrology of the catchment has
been used to develop conceptual models for the river system in the middle and upper reaches
of the catchment, as well as the Ramsar listed, floodplain wetland system in its lower reaches.
These models illustrate major ecological features or processes, and their associated flow
components, which need to be considered when addressing environmental water requirements
at the landscape level. Chapter 4 concludes with a simple, qualitative risk assessment that
indicates how current alterations to the flow regime are likely to be affecting the flow-linked
ecological features identified in Chapter 2.
This chapter (Chapter 5) assesses the instream habitats that are required to maintain
freshwater-dependent biota and identifies components of the flow regime that sustain the
environmental values and associated processes in riverine, riparian and floodplain habitats.
Details of the methods used to do this and some examples of the results of the analyses are
also presented.
In the Ringarooma catchment, three locations (Figure 5.1) were chosen as sites to conduct
instream environmental flows assessments using hydraulic models of the river channel:
Site 1: Ringarooma River at Cottons Bridge (immediately downstream of the
Maurice River junction);
Site 2: Dorset River at Dead Horse Hill (upstream of the Ringarooma River junction)
Site 3: Ringarooma River at the Yeates property (below the confluence with the
Dorset River)
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These reaches are representative of the rivers flowing through the upper and middle subregions of the Ringarooma catchment (as discussed in Chapter 2). These sites were also
located in areas of the catchment that have Very High Integrated Conservation Value
according to the CFEV database (CFEV, 2005). Legerwood Rivulet, another significant
tributary in the upper catchment, was not included in this assessment because of its highly
modified condition due to the large number of instream dams along its length and, thus, the
lack of environmental values in its sub-catchment.
A ‘multiple lines of evidence’ approach was used to assess the environmental water
requirements of the floodplain wetlands in the lower Ringarooma catchment. This involved
analysis of hydrological data from the lower Ringarooma River, and several wetlands and
bores in the area surrounding the wetland system. The main aim of this work was to
determine what flows cause inundation and flushing in the wetland system.

5.2 Flow requirements of rivers in the upper catchment
5.2.1 Hydraulic and hydrological parameters
The availability of instream habitat for aquatic biota during low flow conditions was assessed
using hydraulic models of the three study sites in the upper Ringarooma catchment. These
models, which were constructed using data collected by topographic surveys, were used to
estimate: (1) the amount of habitat that is available to biota at different flows, and (2) the
influence of different flows on physical and ecological processes.
During September 2005, at each of the study reaches (approximately 250 m in length), 10-12
cross-sections of the river channel were surveyed, with transects spaced 15-30 m apart
depending on the spatial complexity of instream habitats. Water depth and velocity
measurements were generally made at approximately 1 m intervals across each cross-section;
however, where the active channel width was <12 m, measurements were taken at smaller
intervals to ensure a minimum of 12 measurements were taken in the wetted portion of the
river channel. Additional measurements were also taken where there were substantial changes
in riverbed profile.
Survey data were used to construct hydraulic models to examine the movement of water
through the river channel at each reach. Up to thirty different flow conditions were simulated
using the HEC-RAS hydraulic modelling software (HEC, 2005). These volumes covered the
range of flows likely to occur in the system. The discharges that occurred at the time of the
surveys (Site 1 = 4.2 m3 s-1, Site 2 = 2.1 m3 s-1 and Site 3 = 6.0 m3 s-1) were used to calibrate
the models. The discharges at study sites at the time they were surveyed were within the
25-30% exceedance flows that are predicted to occur at these locations under natural flow
conditions; this indicates that at the time of survey, these sites were experiencing relatively
high flows. An example of a 3-dimensional perspective of a study reach (Site 3: Ringarooma
River on the Yeates property) under three different discharges is shown in Figure 5.1. This
figure shows how the hydraulic models predict the elevation of water surfaces throughout
reaches during different flows.
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Figure 5.1 A 3-dimensional perspective plot of three simulated flows for the river channel at Site 3 on the
Ringarooma River (on the Yeates property). The black lines represent transects measured across the river channel,
the red lines represent the top of the channel banks, and the green lines represent the transect extents. The top blue
layer represents the water surface at the mean annual 30% exceedance flow level, the middle layer is the median
daily flow, and the bottom layer is the water surface at the mean annual 90% exceedance flow level under natural
conditions.

5.2.2 Habitat availability for biota
Interrogation of the CFEV database suggests the instream fish assemblage in the upper river
system may comprise the following species:
•

Short-finned eels (Anguilla australis)

•

Longfinned eel (Anguilla reinhardtii)

•

Pouched lamprey (Geotria australis)

•

Short-headed lamprey (Mordacia mordax)

•

Spotted galaxias (Galaxias truttaceus)

•

Freshwater flathead (Pseudaphritis urvillii)

•

Blackfish (Gadopsis marmoratus)

To determine the fish species that presently occur in the upper river system, daytime
electrofishing fish surveys were conducted at several locations in November 2007. These
recorded only brown trout (Salmo trutta), eels and blackfish. Whilst neither species of
lamprey were found during sampling, adults are often locally rare and are likely to be
seasonal migrants through the system. The presence of minor barriers to fish passage lower in
river may have excluded sandies and spotted galaxiids from the upper catchment, and the
abundance of brown trout in the upper reaches may have also contributed to the decline in
latter of these species (Ault & White, 1994). Of all the fishes recorded in the recent surveys,
brown trout is the only exotic species; however, it is a valued component of the recreational
fishery within the catchment and, therefore, has been included in the environmental flows
assessment for the upper catchment.
Habitat-use information (i.e. water depth and velocity preferences) for the species mention
above was obtained from scientific literature (Davies, 1989; Davies & Cook, 2001; Davies &
Humphries, 1996; Jowett & Richardson, 1995; Khan et al., 2004; Koehn, 1986) and local data
(DPIW unpublished data). This information was used to develop relationships between habitat
availability and discharge for each of the study reaches (e.g. Figure 5.2).
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Figure 5.2 Relationship between habitat availability and discharge for juvenile blackfish (G. marmoratus) in the
Ringarooma River at Cottons Bridge.

Although fish assemblages have been identified as important ecological values in the river
system, to maintain biodiversity and ecosystem processes, other values also need to be
considered. In this assessment, the flow requirements of platypus (Ornithorhynchus anatinus),
which occurs throughout most of the Ringarooma River, and the endemic and threatened,
giant freshwater crayfish (Astacopsis gouldii), which is likely to be more numerous in the
middle and upper regions of the catchment, were also included. Additionally, assessments for
each of the study reaches considered the habitat requirements of aquatic macroinvertebrate
communities using habitat suitability data from other relevant published and unpublished
sources. Macroinvertebrates were included in the assessment as they are a critical component
of riverine ecosystems: for example, they help to maintain water quality by consuming algae
and detris and provide food resources for larger predators such as fish and platypus
(Gooderham & Tsyrlin, 2002).
The hydraulic models and flow-habitat availability relationships were used to examine critical
thresholds in the low and high ends of the flow regime of the Ringarooma system and develop
environmental flow recommendations

5.2.3 Low flow regime
At all of the study sites in the upper catchment, during the summer months, modelled
instream habitat for benthic macroinvertebrates was found to be relatively limited, whereas
suitable habitat for fish was generally more available at this time. This is because riverine
macroinvertebrates generally require moderate flow conditions to provide sufficient habitat to
maintain healthy and viable populations. Conversely, native fish, which are prevalent in the
fish communities in these reaches, generally prefer the habitats provided by low flow
conditions (i.e. low velocities and shallow depths). Whilst low flow conditions do not favour
brown trout (a highly valued recreational species), this species is able to tolerate these
conditions. Fish, being more mobile than macroinvertebrates, also have greater capacity to
seek refuge in alternate habitats during extreme conditions (such as very low or very high
flows) and rapidly move into marginal habitats when flows increase. Therefore, at all reaches,
low flow recommendations were derived primarily from modelled habitat availability for
benthic fauna.
Whilst the habitat requirements of benthic fauna were the primary concern at times of low
flows, other issues were also considered during the assessment. For example, at all study
reaches, the analyses also examined the flows required to maintain connectivity between
pools. All three study reaches in the upper catchment were located in perennial river sections
(i.e. areas that flow all year round). Maintaining connectivity between pools in these rivers is
important for a number of reasons, including allowing the passage of fish so that they can
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avoid adverse localised conditions (such as poor water quality) and for spawning and
dispersal. This is also important for the many invertebrate species which use ‘drift’ for
downstream dispersal.
To assess seasonal variability in habitat available for benthic fauna, a time series of habitat
availability was generated from the natural baseflow data using the relationships between
habitat availability and discharge. By aggregating daily data for each month in the 43-year
record, the range in habitat availability that occurs under low flows at each site was derived.
These data were used to calculate percentiles (50th to 95th) of habitat availability for each of
the study reaches. Using the example of the Ringarooma River at Cottons Bridge (Figure 5.3),
it is obvious that habitat availability for the benthic fauna assemblage is most limited in
March. Similar trends were evident at the other study reaches.
10.00

95%ile

Available habitat (m2/m)

9.00

85%ile

8.00
7.00

75%ile

6.00

50%ile

5.00

20%ile

4.00
3.00
2.00
1.00
0.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 5.3 Monthly percentiles of habitat availability for the benthic fauna assemblage in the Ringarooma River at
Cottons Bridge. Percentiles were calculated using modelled natural baseflow data, 1960-2006.

These data can then be used to make informed decisions about minimum environmental flows
based on the availability of habitat for benthic fauna. Using the associated discharge-habitat
availability relationships (e.g. Figure 5.2), flows that correspond to the areas of habitat
available for the monthly percentiles were identified. Using this approach, percentiles of
habitat area that provide sufficient (or sustainable) habitat for instream fauna can be easily
converted to minimum environmental flows.
Flows that maintain 75th and 50th percentiles of habitat for benthic fauna are thought to be
critical limits for minimum flows at all three study sites in the upper catchment (Figure 5.3;
Table 5.1). These values are important thresholds of habitat availability for benthic fauna, and
also adequately account for the habitat requirements of mobile fauna at these sites. Flows that
provide the 75th percentiles of habitat availability for benthic fauna are recommended as
monthly environmental flows (Tables 5.1 & 5.2) to limit water allocations in relevant subregions in the Ringarooma catchment. For the purposes of daily water management in these
areas, flows that provide the 50th percentiles of habitat availability for benthic fauna are
recommended as cease-to-take limits (Tables 5.1 & 5.2). The flows that support these
recommendations are provided on a monthly basis to ensure that seasonal changes in
baseflow are preserved (Tables 5.1 & 5.2).
This low flow assessment focuses on the provision of minimum flows during the irrigation
season (October to April) when the greatest rates of water extraction from the river occur.
Outside of this period, water allocations focus on the capture of floodwater for off-stream
storage. The minimum flows for the months outside of the irrigation season (May-September;
Tables 5.1 & 5.2) may not be critical to strategies that will be developed to manage water
resources in Ringarooma catchment at this time, but are provided nevertheless.
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-3

-1

th

th

75
50

Ringarooma River at Yeates property

th

Jan

0.80
0.42

0.32
0.16

0.42
0.14

Feb

0.58
0.36

0.26
0.13

0.30
0.17

Mar

0.42
0.36

0.18
0.12

0.20
0.17

Apr

0.53
0.36

0.22
0.13

0.27
0.20

3

-1

0.75
0.47

0.31
0.19

0.42
0.20

May

1.57
0.91

0.61
0.40

0.79
0.54

Jun

1.68
1.24

1.15
0.69

0.79
0.76

Jul

1.78
1.18

1.29
0.90

0.79
0.76

Aug

Flow that maintains habitat (m s )
Sep

1.62
0.74

1.29
0.87

0.79
0.76

Oct

1.57
0.91

1.18
0.74

0.79
0.73

Nov

1.40
0.85

0.79
0.42

0.79
0.51

Dec

1.02
0.58

0.46
0.26

0.57
0.30

75
50
75
50
75
50

Dorset River at Dead Horse Hill

Ringarooma River at Yeates property

Percentile of
available habitat

Ringarooma River at Cottons Bridge

Reach

69
36

28
14

36
12

Jan

50
31

22
11

26
15

Feb

36
31

16
10

17
15

31

Mar

46
31

19
11

23
17

Apr

65
41

27
16

36
17

May

136
79

53
35

68
47

Jun

145
107

99
60

68
66

Jul

154
102

111
78

68
66

Aug

Flow that maintains habitat (ML d )

-1

140
64

111
75

68
66

Sep

136
79

102
64

68
63

Oct

121
73

68
36

68
44

Nov

88
50

40
22

49
26

Dec

Table 5.2 Monthly minimum flows (ML d ) that provide 75 and 50 percentiles of instream habitat for benthic fauna at study reaches in the upper Ringarooma catchment. For a detailed explanation
of how these figures have been derived see the text in the main body of this document, or alternatively, see the appendices that relate to each of the study reaches.

th

75
50

Dorset River at Dead Horse Hill

-1

75
50

Percentile of
available habitat

Ringarooma River at Cottons Bridge

Reach

Table 5.1 Monthly minimum flows (m s ) that provide 75 and 50 percentiles of instream habitat for benthic fauna at study reaches in the upper Ringarooma catchment. For a detailed explanation
of how these figures have been derived see the text in the main body of this document, or alternatively, see the appendices that relate to each of the study reaches.

5.2.4 High Flow Regime
High flows comprise the majority of the variability in the flow regime of a river. Flow events
from this part of the hydrograph include ‘freshes’ which are created by brief rainfall events
and occur reasonably often, moderate flows that occur frequently, and infrequent floodplain
inundation events that are commonly perceive as floods in the riverine landscape. These
different sized events provide many benefits to riverine ecosystems. For example, freshes
increase the wetted area of the river channel and help maintain water quality and the
connectivity of different habitats in the river (e.g. pools and riffles), especially during periods
of low baseflows. Moderate flows re-mobilise fine sediments and inundate lateral benches
which distributes sediments and nutrients and provide suitable conditions for algal
recolonisation and growth. Bank-full discharges control the physical form of river channels
(Gordon et al., 2004), enable the movement and deposition of woody debris in the rivers, and
facilitate the transport of sediment and nutrients (Gippel, 2001; Newbury & Gaboury, 1993).
Furthermore, floods help to recharge local groundwater in the vicinity of the river and the
associated floodplain, and stimulate reproduction and rejuvenation in riparian plant
communities.
The high flow component of the flow regime of the rivers in the upper Ringarooma catchment
is considered in this part of the assessment. To do this, flow events that inundate instream and
streamside features were identified and event analyses were conducted using natural flow data
for each site (this was done using RAP). These analyses characterised the frequency of
occurrence, duration, and rates of rise and fall of these events and enabled recommendations
regarding water allocations for the high flow portions of the flow regime to be developed.
At all three study reaches in the upper catchment, high spells analysis was used to examine
the characteristics of three thresholds: (1) minor freshes that inundate about 50% of bed
within the river channel, (2) moderate flows that completely inundate the bed of the river, and
(3) bank-full flood events. At all of the study reaches, these thresholds were determined
visually using hydraulic models in RAP. Minor freshes, moderate flows and bank-full events
approximated the 20%, 5% and 1-2% exceedance flows respectively. High spell events were
defined as those that last for ≥1 day and were classified as independent if there were at least 5
days between the peaks in the associated flow events. Natural flow data from the hydrological
model for the Ringarooma catchment were used for these analyses.
Additionally, rates of change in flow and the duration of high flow events were also assessed
for all reaches. Flood duration is important as it represents periods when water inundates
riparian zones and adjacent floodplains. Rates of rise and fall in water levels are also
important, particularly for plant growth and colonisation by macroinvertebrates.
The results of the high spells analyses for each of the study reaches (Table 5.3) shows that the
frequency and duration of freshes, moderate flows and bank-full events is similar at all three
sites. For example, 5% exceedance flows (flows that cause water levels to inundate most of
the river channel) occur on average about 4 times per year and last for about 4 days. The
magnitudes of all three flow thresholds are similar at the uppermost sites (Dorset River and
Ringarooma River at Cottons Bridge), but, as expected, the magnitudes are significantly
greater (approximately double) at the Yeates site on the Ringarooma River; this site is directly
below the confluence of the Dorset River with the Ringarooma River. Similarly, the mean
durations of rises and falls in flow at all three sites in the upper catchment are approximately
the same (mean duration of rises ~2.5 days, mean duration of falls ~8 days; Table 5.4), but
rates of these events are greater at the Yeates site (~2 days v. ~1 day; Table 5.4) due to the
larger size of the river in this location.
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3.9

1.5

<2% exceedance flows

2.9

4.0

13.3

Duration
(days)

24.6

17.1

12.7

Magnitude
3 -1
(m s )

3.1

3.4

9.6

Frequency
-1
(no. year )

2.0

4.8

8.3

Duration
(days)

25.7

18.7

12.8

Magnitude
3 -1
(m s )

Ringarooma River at Cottons Bridge

2.1

4.8

8.2

Frequency
-1
(no. year )

3.1

3.5

9.4

Duration
(days)

-1

*All figures in the table have been calculated using daily average flow data.

Mean rate of Fall (m s day )

-1

1.0
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8.1

6.8

Mean duration of Falls (days)
1.1

1.2

1.2

3

2.5

2.1

-1

Mean rate of Rise (m s day )

-1

Mean duration of Rises (days)

3

Ringarooma River at
Cottons Bridge

Dorset River at Dead
Horse Hill

Statistic

1.8

8.6

2.4

2.6

Ringarooma River at the
Yeates property

Table 5.4 Mean duration of rise and fall in flow, and rates of change in flow in rivers in the upper Ringarooma catchment.

46.9

35.0

23.8

Magnitude
3 -1
(m s )

Ringarooma River at the Yeates property

*1% exceedance flow was used as the lowest flow threshold for this study reach. **All figures in the table have been calculated using daily average flow data.

6.2

>5% exceedance flows

Frequency
-1
(no. year )

>20% exceedance flows

Flow threshold

Dorset River at Dead Horse Hill*

Table 5.3 Results of mean annual high spells analyses using modelled natural flow data between 1960 and 2006 for rivers in upper Ringarooma catchment. The 20%, 5% and 2% exceedance
thresholds approximate minor freshes, moderate flows that completely inundate the channel, and bank full events respectively.

It is important, where practical, in making recommendations regarding the extraction of water
from medium to large flow events, that the natural pattern of flow variability be maintained.
This is the main premise of the Tasmanian Environmental Flows Framework (TEFF) which
DPIW uses for environmental flows assessments. The Ringarooma River and its main
tributaries in upper region of the catchment have strong seasonal flow regimes. This is clearly
illustrated by the seasonal flow duration curves for the Yeates site (Figure 5.4) where all
seasons have distinct differences in the shapes of their respective flow curves. Whilst Figure
5.4 shows the differences in both high and low flows between seasons (see the left and right
tails of the curves respectively), the variability in baseflows is clearly indicated by the
differences in the curves between the 0.25 and 0.75 exceedance thresholds.

Figure 5.4 Seasonal flow duration curves for the Ringarooma River at the Yeates property based on natural flow data
for the Ringarooma River at this site between 1960 and 2006. Winter = blue, spring = green, summer = orange, and
autumn = red.

Recommendations for allocation of flood water
Knowledge of the hydraulics of the river channels in the study reaches coupled with the
findings of the high spells analyses provide a solid basis from which high flow water
abstraction rules can be developed. In making these recommendations, assumptions have been
made about the degree of hydrological alteration that can occur before there is a significant
impact on the riverine ecosystem, and in recognition of this, the ‘precautionary principle’ has
been applied. This principle recognises that the absence of full scientific certainty should not
be used as a reason to postpone decisions when faced with potential serious or irreversible
harm. In this case, whilst we cannot define precisely the amount of floodwater that the
riverine ecosystem needs to remain in good condition, recommendations regarding water
abstraction have been made using the best available information.
Floodwater extraction rules, which specify trigger flow thresholds and rates and periods of
extraction, have been developed for each of the study sites in the upper Ringarooma
catchment (Table 5.5). The trigger thresholds are equivalent to the 5% exceedance flows
which cause water levels to inundate large portions of the river channel at each site (see
Appendices). Rates of water extraction that are approximately one fifth of the flow trigger
have been considered ‘environmentally safe’, as this is unlikely to significantly alter the rates

34

of rise and fall in flows, and will not affect the frequency at which events occur. The
recommended durations over which water extraction may occur are based on the seasonal
minimum duration of 5% exceedance events (i.e. the duration of these events in summer).
Because of the distinct seasonal pattern of flows in this area of the catchment, floodwater
allocations should only be made available between the months of May and October, when
baseflows are typically greater in the river. All together, this makes about 8,250 ML available
annually for flood harvesting in the upper catchment.

Table 5.5 Flood extraction rules for sites in the upper Ringarooma catchment based on analyses of the duration and
magnitude of 5% exceedance flow events at each site.
Site

Flow trigger*
3 -1
(m s )

Rate of extraction
-1
(ML d )

Duration
(days)

Dorset River at Dead Horse Hill

9.0 (778)

150

3

Ringarooma River at Cottons
Bridge

11.0 (950)

190

3

20.1 (1,737)

347

3

Ringarooma River at the Yeates
property

*Values in parentheses are in ML day-1.

Under the recommended flood allocation rules (Table 5.5), all high flow events that are below
these thresholds should be protected from allocation. The ecological value of these smaller
events is particularly important during prolonged periods of low flow. Such events provide
some variability when conditions have been static, and are likely to relieve stress in riverine
systems (Poff, et al., 1997), particularly by maintaining water quality (Webster, et al., 2000).
In dry years, these events may constitute a large proportion of the variability in the water
regime. Furthermore, the frequency, duration and magnitude of these events are significantly
altered by the construction and management of dams in the catchment; something which is an
ongoing and increasing pressure in the Ringarooma catchment.
These recommendations for rivers in the upper Ringarooma catchment need to be considered
in the light of similar environmental flow recommendations made for locations elsewhere in
the catchment. Any water that is allocated from this region needs to be accounted for in
downstream management and as component of an overall ‘water allocation cap’ for the
catchment.

5.3 Water requirements of floodplain wetlands
5.3.1 Introduction
Prior to a discussion of the evidence that is available for an assessment of the water
requirements of the lower Ringarooma River and associated Ramsar listed wetlands, some
comments about the topography of the area and the features of the wetlands that occur there is
required.
During 2006 and 2007, monitoring of water levels in the river and the groundwater system
surrounding the southern portion of the floodplain was undertaken by DPIW to examine the
linkages between surface water and groundwater in the area (locations of groundwater and
surface water monitoring stations shown in Figure 5.5). A component of this work also
involved surveying the topography of the floodplain.
As the Ringarooma River emerges from the hills around Gladstone, the river divides into a
number of channels that deliver water to various parts of the floodplain (Figure 5.6). On the
western side, one of the river channels delivers water to Shantys Lagoon and Blueys Lagoon
(Figure 5.6). During low flow conditions, both of these lagoons remain connected to the main
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channel that carries water north through the floodplain. In contrast, the wetlands to the east,
which are known as The Chimneys (Figure 5.6), are disconnected from the main river during
low flows; as shown by observations made during low flow conditions in January and
December of 2006 (Figure 5.7). During December 2006, when the wetted area of Shantys
Lagoon had decreased appreciably following a dry winter and spring, there was a small
inflow from the main river channel (Figure 5.7). Water level data collected at temporary
monitoring stations at Shantys Lagoon and nearby in the Ringarooma River (Figure 5.8),
shows that during this period, small changes in water level in the river caused corresponding
changes in the level in Shantys Lagoon.
Conversely, during December 2006, the wetted area of the main wetland at The Chimneys
had only marginally decreased, and a small inflow (estimated to be <5 L s-1) from the main
river (via a side-channel) was observed. Water level data from this lagoon collected earlier by
DPIW during 1998-2000 (DPIWE, 2000) (Figure 5.9) suggests that, whilst the wetland
becomes disconnected from the lower Ringarooma River, its water levels do not fall lower
than a baseline of approximately 0.4 m . Thus, the water level regime of this wetland appears
to be strongly linked to local groundwater system, which allows minimum summer water
levels to be maintained independently of water levels in the river.

Figure 5.5 The lower Ringarooma River and the associated floodplain wetlands. Locations of the temporary surface
water level monitoring stations (triangles) and groundwater monitoring stations that were installed by DPIW in 2006
(stars) are shown.
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Figure 5.6 Aerial photograph of the Ringarooma wetland system from above the eastern side, October 2006. The
blue arrow indicates entry of the Ringarooma River into the wetland system from the south. Photo courtesy of Jenny
Davis.

Figure 5.7 Inflow to Shanty Lagoon as the lagoon was drying out following a dry winter and spring season,
December 2006.
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Figure 5.8 Water levels in Shantys Lagoon, the lower Ringarooma River (just before it enters the floodplain), and at
the long-term monitoring station at Moorina (in the mid-reaches of the Ringarooma catchment) between April 2006
and June 2007.
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Figure 5.9 Water levels in The Chimneys wetland and at the long-term monitoring station in the mid-reaches of the
Ringarooma River at Moorina between December 1998 and March 2000.

Given the different water regimes of these wetlands, which are based on their different levels
of connection to the river, environmental flow provisions for the wetland system need to
ensure individual hydrological needs of these wetlands are considered. Minimum
environmental flows for this part of the Ringarooma River should aim to satisfy the water
requirements of flora and fauna that occupy the wetland system. The pattern of wetting and
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drying is likely to be the key process that governs the health of these individual wetlands.
Thus, the focus of this component of the assessment for the Ringarooma River system is:
1. To determine the minimum flows that are required (along with their frequency,
timing and duration) to maintain exchange of water between the river and the
wetlands that are normally connected (Shantys and Blueys lagoons)
2. To minimise the length of time (and frequency) that The Chimneys wetland system is
disconnected from the river.
For The Chimneys wetlands, which appear to become disconnected on at least an annual
basis, this requires an assessment of the frequency and duration of disconnection from the
river.

5.3.2 Low flow regime
As mentioned previously, water levels were monitored concurrently at Shantys Lagoon, the
lower Ringarooma River, and higher up in the catchment at Moorina (where DPIW has a
long-term monitoring station). Comparison of these data (Figure 5.7) clearly shows that
waters in all three locations react similarly to rainfall, and that water level in Shantys Lagoon
correlate to changes in the nearby Ringarooma River. This is even the case when flows in the
river are exceptionally low (as it was in summer 2006-07). Because the relationship between
water levels and flows in the lower river is not known, a hydrological model for the
catchment (DPIW, 2008) was used to predict ‘natural’ and ‘current’ flow during the summer
of 2006-07. The model predicted that flow in the lower river on 4 December 2006 (the date of
the field visit) was approximately 50 ML d-1 with current water use levels, and 185 ML d-1
under natural flow conditions (i.e. no water abstraction). The recorded flow at Moorina on
this date was approximately 85 ML d-1 (no water use restrictions were in place at that time).
Based on these findings, when flow at the location where the river enters the floodplain drops
to around 50 ML d-1, the wetted area of Shantys Lagoon is considerably reduced, but remains
connected to the river. Furthermore, at this flow, there is little or no water exchange between
the river and The Chimneys wetlands. Therefore, this threshold can be used to analyse the
natural flow time series for the lower river to develop recommendations for minimum flows
for both sets of wetlands. Whilst many temporary wetlands are a product of cyclic wetting and
drying (Brock et al., 2000), given the strong linkage of Shantys Lagoon with the Ringarooma
River, it is likely that the flora and fauna inhabiting this waterbody have adapted to seasonal
water level fluctuations that are strongly linked to flows in the river. In contrast, the flora and
fauna communities of The Chimneys are likely to be adapted to withstand longer periods of
isolation from the river; hence, more variable cycles of wetting and drying.
Examination of the natural flow data from the hydrological model for the catchment indicates
that in the absence of water abstraction (i.e. under natural flow conditions), flows of
≤50 ML d-1 are very rare (predicted to have occurred only 4 times between 1960 and 2006; all
during autumn) where the longest event lasted 37 days. It is suspected that in recent times,
these events have occurred more often due to human-related water use in the catchment.
Examination of current flow data for the same time period confirms this: in the absence of
water use restrictions, events of this kind are predicted to occur about twice a year, when they
average 40 days in length. It should be noted that current flow data has been derived by
applying the level of water use in 2007 to the entire 46-year flow record. Thus, it does not
take into account historical changes in water use, nor does it account for water use restrictions
that are normally instituted during dry periods. As a result, current flow data represents a
‘worst case’ scenario in terms of minimum flows.
An additional issue that needs to be considered in this environmental flow assessment is the
movement of gravel slugs in the lower Ringarooma River and associated wetlands. Between
1870 and 1980, alluvial tin was mined in the middle and lower Ringarooma River catchment
(Knighton, 1989), mainly using sluicing methods. This introduced large amounts of granitic
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gravels and sands into the river system which have since been moving gradually down into
the floodplain. Little is known about the ecological character of the floodplain system prior to
this mining activity. However a geomorphic assessment of the area during 2001 by DPIWE
(Jerie et al., 2001) concluded that the floodplain is now a highly mobile landscape, where
marshes and lagoons are ‘moved’ around by the mining sediments that continue to enter the
area during major floods. Therefore, whilst lagoons such as Shantys and Blueys are presently
intimately connected to the river hydrologically, the continuing deposition of sediments is
likely to alter this situation. For example, in Shantys Lagoon, large sediment deltas are
evident in channels that connect this lagoon to the main river (Figure 5.10). Eventually, this
accumulation of sediment will alter the hydrological connection of Shantys Lagoon with the
Ringarooma River.

Figure 5.10 Shanty Lagoon showing the delta of mining sediments that has been deposited by water entering the
lagoon from the river, January 2008. Photo courtesy of Jenny Davis.

Conversely, the wetlands of The Chimneys are unlikely to be affected by the deposition of
mining sediments in the short- to medium-term (i.e. in the next 20-50 years). This area is
further away from the main river channel and, currently, there is no evidence of sediment
deposition in this wetland. However, the existing ecosystem values in The Chimneys wetlands
appear to be threatened by deteriorating water quality in the local surface water and
groundwater due to intensive dairy farming on the eastern side of the system. This threatening
process is illustrated in Figure 5.11, which shows a plume of turbid water in The Chimneys
wetland and a local bloom of a floating plant (either Lemna sp. or Azolla sp.) which is
indicative of eutrophication. Therefore, environmental flows in the river in this area should
aim to reduce the potential impact of nutrient enrichment by minimising the periods during
which these wetlands are disconnected from the river. Flushing flows into the wetlands from
the river are another avenue for reducing this threat, and these are dealt with in section 5.3.3.
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Figure 5.11 The Chimneys wetland showing a plume of turbid water entering the wetland from an agricultural drain,
October 2006. Photo courtesy of Jenny Davis.

Recommendation

Considering that the environmental water requirements of individual wetlands differ, and that
there are also issues of sediment deposition and water quality to be considered, it is
recommended that a minimum flow at Bells Bridge of approximately 50 ML d-1 is maintained
between December and May. This environmental flow aims to preserve the current frequency
and of duration of low flow events in the floodplain during the months when disconnection
occurs, and is made on the best available scientific knowledge of the area. No
recommendation regarding low flows during the wetter months (June to October) is made.

5.3.3 High flow regime
The water level data presented earlier (section 5.3.1) can be used to identify critical thresholds
for moderate and high flow events. Water level data for the floodplain during a flood in
September 2006 shows that when water levels in the lower river channel (Figure 5.8) is
>1.7 m above the river bed, flooding is extensive throughout the floodplain (Figure 5.12).
This water level threshold is equivalent to bank full discharge, at which the hydrological
model predicts flow to be approximately 4,000 ML d-1. At this discharge, both sides of the
floodplain are almost entirely flooded (Figure 5.13 and 5.14). This flow was used as a high
spells threshold to analyse the natural flow time series to derive flood flow recommendations
for the floodplain wetlands.
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Figure 5.12 The area inundated in the Ringarooma wetland system by a flood that occurred on 31 August 2005.
Observations on the extent of the wetted areas in the eastern and western wetlands were made between 1 and 2
September 2005. The wetted area in the central region of the wetland system was estimated using observations on
the extent of the flooded areas and topographical data.

(a)

(b)

Figure 5.13 W etland in the channel that connects The Chimneys wetlands with the Ringarooma River under: (a) dry
conditions (December 2006), and (b) flood conditions (September 2005). Photographs taken at eastern photopoint
indicated in Figure 5.12.
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Figure 5.14 High water level in Shantys Lagoon during September 2005. Photograph taken at western photopoint
indicated in Figure 5.12.

Another useful flow threshold that has been used in the high spells analysis is the level at
which flow in the river is sufficient to connect The Chimneys wetlands to the river. Once
again, examination of historic water level data for The Chimneys and the Ringarooma River
at Moorina (Figure 5.9), shows that during the dry months (December to April), only events
>1.4 m at Moorina lead to significant changes in water level at The Chimneys. According to
local landowners, flow peaks take about 40 hours to travel from Moorina to Gladstone;
therefore, given this information, flows in the lower river which connect The Chimneys to the
river are approximately 850 ML d-1. This is equivalent to the 35% exceedance flow at this
location. At this flow, water from the river enters the wetlands at The Chimneys and is likely
to cause some flushing of this part of the wetland system. Therefore, high spells analyses of
natural flow data for the lower Ringarooma River were undertaken using the two flow
thresholds: (1) 35% exceedance flow (850 ML d-1) and (2) 5% exceedance flow
(4,000 ML d-1).
The spells analysis for events exceeding 850 ML d-1 (Table 5.6) indicates that there are
substantial periods in winter and spring when flow exceeds this level, with events in winter
and spring lasting for averages of 52 and 40 days respectively. During wet years (i.e. 1996
and 2003; Figure 5.15) winter flow can exceed 850 ML d-1 for more than 150 days at a time.
In dry winters (i.e. 2006; Figure 5.15) flow may only exceed this threshold for 45 days during
the entire winter-spring period. However, in an average year, flow generally rises above this
threshold by the mid-June and remains above it until early November. During summer and
autumn, events that exceed 850 ML d-1 are both less frequent and of much shorter duration
(8-10 days; Table 5.6); the event in February 2004 (Figure 5.15) is a notable outlier from the
highly regular seasonal changes in flow in this river.
In contrast, the floods that inundate large parts of the floodplain (i.e. events exceeding
4,000 ML d-1) occur on average about 3 times per year, last for about 5 days and have an
average magnitude of about 7,000 ML d-1 (Table 5.6). Given the strong seasonality in the
flow regime of the Ringarooma River (Figure 5.15), it is not surprising that these events are
almost entirely restricted to winter and spring.
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Table 5.6 Results of mean annual high spells analyses using natural flow data (1960-2006) for the lower Ringarooma
-1
River upstream of the Ringarooma wetland complex. The flow threshold of 850 ML day equates to flows that cause
-1
flushing of the wetlands at The Chimneys and the 4,000 ML day flow threshold approximates the bank full
discharge, when water floods large areas of the floodplain. Events are defined as flows that exceed these thresholds
for at least one day and are at least 5 days apart.

850 ML day-1 (35% exceedance flow)

4,000 ML day-1 (5% exceedance flow)

Frequency
(No.)

Duration
(days)

Magnitude
-1
(ML day )

Frequency
(No.)

Duration
(days)

Magnitude
-1
(ML day )

Spring

1.4

42.1

5009

1.1

3.5

6490

Summer

0.5

8.1

1756

<0.1

2.0

5112

Autumn

1.0

10.0

2998

0.2

2.9

6692

Winter

1.8

52.8

6554

1.8

5.8

7033

10,000

9,000

8,000

Daily discharge (ML)

7,000
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5,000

4,000

3,000

2,000

1,000

0
Jan-1995

Jan-1996

Jan-1997

Jan-1998

Jan-1999

Jan-2000

Jan-2001

Jan-2002

Jan-2003

Jan-2004

Jan-2005

Jan-2006

Figure 5.15 Mean daily natural flow in the Ringarooma River at Bells Bridge between January 1975 and January
-1
1980. Dashed lines indicate the two flow thresholds (850 and 4,000 ML day ) used for the high spells analyses.

Comparison of the duration and rates of rise and fall in flood flows (i.e. those >4,000 ML d-1)
under natural and current modelled flows (Table 5.7) shows that there has been almost no
change in these statistics as a result of water use in the upper catchment. Currently, on
average, the duration of rise in flow is 3.5 days, while the duration of falling flow is about
9 days. As expected, the average rate of rise (at around 290 ML d-1) is about 20% faster than
the rate of fall.
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Table 5.7 Duration of rise and fall in flow, and rates of change in flow for the lower Ringarooma River upstream of the
Ringarooma wetland complex. Statistics have been generated using natural and current flow data from the
hydrological model for the catchment.
Statistic

Natural flow conditions

Current flow conditions

3.4

3.5

Mean rate of rise (ML.day )

287

293

Mean duration of falls (days)

9.0

9.3

245

247

Mean duration of rises (days)
-1

-1

Mean rate of fall (ML.day )

Recommendation

During summer and autumn (December to May), flood abstraction in the Ringarooma River
upstream from Bells Bridge should only be permitted when flows in the lower river exceed
850 ML d-1. This will ensure that any high flow events that occur during this period will
introduce pulses of water from the river into the wetlands on both sides of the floodplain,
which will protect water quality in the wetlands. Furthermore, water abstraction should aim to
not significantly affect the duration of these events. Given that the average duration of these
events is between 8-10 days, abstraction should only be permitted for ~50% of this time and
at a rate that is equivalent to one fifth of the trigger level. This equates to 170 ML d-1 for a
4-day period once the threshold is reached or until flow in the lower river system falls below
the threshold.
High flow events during the wetter months, between June and November, provide a different
suite of functions for the floodplain ecosystem. These events inundate a much greater
proportion of the floodplain landscape, transport sediment and organic material, and trigger
many ecosystem processes (listed in Table 2.4 in Chapter 2). These events are significantly
larger and last for 3-6 days. Given this information, it is recommended that flood extraction
be permitted at a rate of 800 ML d-1 for 5 days once the threshold of 4,000 ML d-1 is reached
or until flow in the lower river system drops below the threshold. Assuming events exceeding
4,000 ML day-1 occur about 3 times per year, this will provide about 12,000 ML for winter
capture and storage in the catchment upstream.
These recommendations have been made to ensure that the amount of water made available to
water users will not substantially alter the rates of rise and fall in flows, and will not
significantly affect the duration of floods and flushing events. With very little quantitative
evidence available in the published literature regarding the level of high flow modification
that can take place without adversely impacting on riverine function and character, we have
made these recommendations employing the ‘precautionary principle’ (previously explained
in section 5.2.4). In this case, whilst we cannot define precisely the amount of floodwater that
can be extracted without harm to the floodplain ecosystem, the recommendations have been
made in a cautious manner using the best available information.
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6. Conclusion
The recommendations contained in this report have been made using the natural flow regime
as the primary guide for satisfying the needs of the riverine ecosystem. The studies upon
which these recommendations have been made are based on the best available science in
Australia, and follow the holistic method that is outlined in the Tasmanian Environmental
Flows Framework (TEFF) (DPIW, 2007a). This style of approach is supported by DPIW and
is widely regarded as ‘best practice’ worldwide (Postel & Richter, 2003). The setting of
ecological goals (in this case environmental values) is a key feature of the TEFF and this
enables multiple components of aquatic ecosystems to be considered in an environmental
flows assessment.
The rivers of the Ringarooma catchment are relatively intact in terms of their hydrological
character, and this helps to maintain many of the processes that sustain the environmental
values that were identified in this assessment. Management of water use in the catchment that
aims to preserve the current level of variability in river flows is most likely to maintain these
processes and values in the long-term. Whilst additional water (to that which is already
allocated) is unlikely to be available in some parts of the catchment during periods of low
flow, substantial additional water may be sustainably extracted from rivers in the catchment
during flood events.
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Appendix 1. Assessment for Ringarooma River at Cottons
Bridge
Study site
The upper Ringarooma River in the area surrounding Cottons Bridge drains a landscape that
has largely been transformed by agricultural and forestry practices. The environmental flows
study reach encompassed 250 m of the Ringarooma River immediately below the junction of
the Maurice River with the Ringarooma River (directly below Cottons Bridge). At this site,
both banks of the river are vegetated by mostly native forest, which generally extends to >30
m from the river channel. Within the region surrounding the study reach, the substrate of the
river is composed predominantly of sand, pebble and cobble (diameter range = 2-200 mm),
but many boulders (>300 m in diameter) are also present (Plates 1 & 2). The active channel of
the river is typically well defined, but there are some relatively small floodplains in this area
of the Ringarooma catchment.

Plate 1

Plate 2

Plates 1 & 2: Riverine habitats at Cottons Bridge. The Maurice River (Plate 1) and Ringarooma River (Plate 2)
upstream and downstream of Cottons Bridge respectively. These images show the typical habitat characteristics of
these rivers in this area including: (1) dense, mostly native riparian vegetation, (2) defined pools, runs and riffles, (3)
variable substrate particle size (i.e. sand to bolder), and (4) instream woody debris.

Minimum flows
There are several environmental factors that need to be considered when assessing the
minimum flow requirements of the Ringarooma River in the area surrounding Cottons Bridge.
The following aquatic taxa/ecosystem values and riverine processes have been considered in
this environmental flows assessment:
•

Fish assemblage: according to the CFEV database, eels (Anguilla australis and Anguilla
reinhardtii), spotted galaxias (Galaxias truttaceus), lampreys (Geotria australis and
Mordacia mordax), river blackfish (Gadopsis marmoratus), and sandies (Pseudaphritus
urvillii) are native species that are likely to occur in this area. Recent fish fauna surveys
by DPIW staff at this site and in the upper Ringarooma found A. australis and G.
marmoratus to be the dominant native species in the area, whilst introduced brown trout
(Salmo trutta) are also abundant in this region of the catchment.

•

Platypus (Ornithorhynchus anatinus): known to be abundant is this area of the river
(DPIW staff, personal observations).

•

Giant freshwater crayfish (Astacopsis gouldi): known to be present in this area of the
river.

•

Macroinvertebrate communities: both the diversity and abundance of invertebrate
communities are key components of aquatic ecosystems. According to the CFEV
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database, threatened hydrobiid snail species’ (Beddomeia complex) are likely to occur is
this area.
•

Riparian tree assemblages: native riparian vegetation is an important component of
aquatic ecosystems. According to the CFEV database, threatened or unique flora
species/communities that are likely to occur is this area include: shrubby gum (Eucalyptus
ovata) forest, branching rush (Juncus prismatocarpus), and a riparian vegetation
community that includes wet Eucalyptus species, Acacia melanoxylon and Nothofagus
cunninghamii.

•

Fluvial geomorphology: maintenance of geomorphological features and processes
including channel form, bed scouring, and substrate disturbance and deposition, and
instream habitats such as pools, runs, riffles and shallow benches (and connectivity
between them).

•

The movement and deposition of woody debris into and within the river channel.

Assessment
A hydraulic model of the study reach (which was derived using the software HEC-RAS),
along with the habitat requirements of taxa found at this site, were used to identify monthly
minimum flow requirements of the riverine ecosystem of the Ringarooma River at Cottons
Bridge. These data were analysed using the River Analysis Package (RAP) to determine
hydraulic, hydrological and ecological requirements of the study site.
Cross-section profiles of the study reach show that there was a decrease in thalweg height of
0.87 m across the length of the reach at the time it was surveyed. The hydraulic model
predicts that at zero flow, water depth is <60 mm at 10 of the 12 transects. The deepest part of
the reach at zero flow is a small pool where the maximum depth is 0.27 m. A discharge of
0.38 m3 s-1 maintains depths of >0.10 m at all 12 transects in the study reach and, hence, a
reasonable degree of longitudinal connectivity in the river (this enables the movement of
mobile taxa, like fish, through the reach and between microhabitats).
The average wetted perimeter of the channel at zero flow is only 1.6 m (Figure 1), as under
these conditions most shallow gravel benches are de-watered. At a discharge of
approximately 1.5 m3 s-1, many of the lateral gravel benches in the river channel become
inundated (Figure 1). Under these conditions, thalweg depth ranges from 0.24 m to 0.63 m
and the small lateral benches are submerged, providing a much greater area of wetted channel
(mean wetted perimeter = 12.4 m). There is a gradual increase in the wetted area of the
channel as flow increases above this threshold until over-bank flooding occurs at a discharge
of approximately 20 m3 s-1 (Figure 1).
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Figure 1: Relationship between discharge and mean wetted perimeter of the study reach on the Ringarooma River at
Cottons Bridge.

Habitat availability for taxa and/or assemblages under varying flow conditions within the
study reach was examined using RAP. Using habitat preference data from previous studies,
habitat suitability rating curves were examined for:
•

Blackfish (juveniles and adults)

•

Short-finned eels

•

Brown trout (juveniles and adults)

•

Giant freshwater crayfish (juveniles)

•

Platypus

•

Invertebrate abundance

•

Invertebrate diversity

Many of these taxa/assemblages have similar habitat requirements and, thus, had similar
habitat suitability curves. Because of this, combined habitat suitability rating curves for: (1)
mobile fauna (blackfish juveniles and adults, short-finned eels, brown trout juveniles and
adults, giant freshwater crayfish and platypus) (Figure 2) and (2) benthic fauna (invertebrate
abundance and diversity) (Figure 3) were derived using RAP.

Figure 2: Relationship between habitat availability and discharge for the mobile fauna assemblage in the
Ringarooma River at Cottons Bridge.
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Figure 3: Relationship between habitat availability and discharge for the benthic fauna assemblage in the
Ringarooma River at Cottons Bridge.

According to the combined curve for the mobile assemblage (Figure 2), the maximum habitat
available to these taxa is 2.7 m2 m-1, and flows of 0.12-0.30 m3 s-1 provide optimal habitat
conditions. Conversely, the combined curve for the benthic assemblage (Figure 3) shows that
the maximum habitat available to these taxa is 9.8 m2 m-1, and flows of 0.30-3.28 m3 s-1
provide optimal habitat conditions.
To examine changes in habitat availability through time, rating curves for both the mobile and
benthic assemblages were used to transform the modelled natural flow for the Ringarooma
River at Cottons Bridge into time series’ of habitat availability (Figures 4 & 5). As this is a
low flow assessment, the flow time series was first subjected to baseflow separation using the
Lyn-Hollick digital filter (alpha value = 0.975) in RAP; this allows the variability associated
with medium and large flow events to be removed, as it is not pertinent to a low flow
assessment. Under higher flows, biota are likely to behave differently, seeking refuge from
unfavourable conditions by burrowing into the riverbed or banks (i.e. crayfish, platypus and
some invertebrates), or seeking shelter in areas of relatively low local velocities (i.e. fishes
and some invertebrates).

Figure 4: Time series of natural flow (red), baseflow (blue) and modelled available habitat for the mobile fauna
assemblage (green) in the Ringarooma River at Cottons Bridge.
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Figure 5: Time series of natural flow (red), baseflow (blue) and modelled available habitat for the benthic fauna
assemblage (green) in the Ringarooma River at Cottons Bridge.

To assess the seasonal variation in habitat availability for the mobile and benthic
assemblages, the 46-year records of daily data were used to calculate percentiles (20th to 95th)
of monthly habitat availability (Figure 6 & 7).
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Figure 6: Monthly percentiles of habitat availability for the mobile fauna assemblage in the Ringarooma River at
Cottons Bridge. Percentiles were calculated using modelled natural baseflow data, 1960-2006.
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Figure 7: Monthly percentiles of habitat availability for the benthic fauna assemblage in the Ringarooma River at
Cottons Bridge. Percentiles were calculated using modelled natural baseflow data, 1960-2006.

According to the modelling approach used in this assessment, under natural baseflow
conditions, habitat availability for mobile fauna is most limited in winter-spring due to the
prevalence of flows that are higher than those preferred by these taxa. However, during this
time, these taxa would seek refuge in areas of the stream channel that have low localised
velocities. Conversely, under natural baseflow conditions, habitat availability for benthic
fauna is limited in summer-autumn due to low flows that occur at this time of year. Using the
relationships between habitat availability and discharge for the mobile (Figure 2) and benthic
(Figure 3) assemblages, the average daily flows that correspond to selected percentiles of
habitat availability were determined (Tables 1 & 2).
th

th

th

Table 1: Monthly 85 , 75 and 50 percentiles of habitat available for the mobile fauna assemblage (derived from
natural baseflow data), and the corresponding flows that provide these amounts of habitat.

MONTH

85%ile
habitat
(m2 m-1)

Jan

2.55

Flow that
maintains 85%
of habitat
(m3 s-1)
0.19

Feb

2.58

Mar

2.57

Apr

2.56

May

2.61

Jun

75%ile
habitat
(m2 m-1)
2.54

Flow that
maintains 75%
of habitat
(m3 s-1)
0.20

0.21

2.54

0.21

2.54

0.20

2.55

0.23

2.55

2.59

0.23

Jul

1.04

Aug

0.00

Sep

0.00

Oct

0.00

Nov

2.47

Dec

2.60

50%ile
habitat
(m2 m-1)
1.60

Flow that
maintains 50%
of habitat
(m3 s-1)
0.08

0.20

1.81

0.09

0.20

2.21

0.11

0.20

2.53

0.19

0.20

2.54

0.20

2.51

0.19

0.03

0.00

0.04

0.00

NA

0.00

NA

NA

0.00

NA

0.00

NA

NA

0.00

NA

0.00

NA

NA

0.00

NA

0.00

NA

0.12

1.44

0.08

0.00

NA

0.23

2.55

0.20

1.33

0.08
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Table 2: Monthly 85 , 75 and 50 percentiles of habitat available for the benthic fauna assemblage (derived from
natural baseflow data), and the corresponding flows that provide these amounts of habitat.

MONTH

85%ile
habitat
(m2 m-1)

Jan

9.11

Flow that
maintains 85%
of habitat
(m3 s-1)
0.48

Feb

8.82

Mar

75%ile
habitat
(m2 m-1)
8.89

Flow that
maintains 75%
of habitat
(m3 s-1)
0.42

0.39

8.45

8.56

0.33

Apr

8.74

May

50%ile
habitat
(m2 m-1)
6.67

Flow that
maintains 50%
of habitat
(m3 s-1)
0.14

0.30

6.06

0.17

7.24

0.20

5.58

0.17

0.36

7.92

0.27

6.18

0.20

9.36

0.57

8.89

0.42

7.74

0.20

Jun

9.69

0.76

9.64

0.79

9.24

0.54

Jul

9.75

0.79

9.71

0.79

9.62

0.76

Aug

9.74

0.79

9.70

0.79

9.61

0.76

Sep

9.73

0.76

9.70

0.79

9.59

0.76

Oct

9.74

0.79

9.70

0.79

9.58

0.73

Nov

9.68

0.76

9.61

0.79

9.16

0.51

Dec

9.60

0.75

9.34

0.57

8.24

0.30

Minimum flow recommendations
Based on the data presented in Tables 1 and 2, monthly environmental flow recommendations
for the Ringarooma River were derived (Table 3). Flows that maintain 75th and 50th
percentiles of habitat for benthic fauna are thought to be critical limits for minimum flows at
this site. These values are important thresholds of habitat availability for benthic fauna
(Figure 7; Table 2), and also adequately account for the habitat requirements of the mobile
fauna (Figure 6; Table 1). It is recommended that the monthly environmental flows (Table 3)
be used as limits for water allocation in this area of the Ringarooma catchment. For the
purposes of daily water management, cease-to-take flows have also been provided (Table 3).
Table 3: Recommended environmental flows and cease-to-take flows for the Ringarooma River at Cottons Bridge.
These values are based on flows that provide habitat for the benthic fauna (i.e. macroinvertebrate communities).

MONTH
Jan

Environmental flows
(75% habitat maintenance flow)
(m3 s-1)
0.42

Cease-to-take flows
(50% habitat maintenance flow)
(m3 s-1)
0.14

Feb

0.30

0.17

Mar

0.20

0.17

Apr

0.27

0.20

May

0.42

0.20

Jun

0.79

0.54

Jul

0.79

0.76

Aug

0.79

0.76

Sep

0.79

0.76

Oct

0.79

0.73

Nov

0.79

0.51

Dec

0.57

0.30
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Flood flows
Bank full discharge is commonly referred to as the ‘channel maintenance flow’ and is
important to the geomorphology of a river. The hydraulic model of the Cottons Bridge study
site shows that at discharges >20 m3 s-1, water levels at most of the channel cross sections are
near to or above the banks of the river. Therefore, flows of this magnitude or greater are
equivalent to bank full flows at this reach. At this discharge, average water velocity
throughout the reach is estimated to be 1.2-1.6 m s-1, which is sufficient to mobilise most of
the small-sized, mobile bed material within the channel (e.g. gravel, pebble and cobble).
High spells analysis was conducted for the Cottons Bridge site on the Ringarooma River
using the 20% exceedance* (daily average flow of 4.5 m3 s-1), 5% exceedance
(11.0 m3 s-1) and 2% exceedance (16.2 m3 s-1) flows as thresholds. The 20% exceedance
threshold represents ‘freshes’ and small ‘flushing’ flows, and was used to examine the
seasonal frequency and duration of these events. At the 5% exceedance flow threshold, water
levels inundate a large portion of the river channel (this was determined visually from the
hydraulic model for the reach). At flows of this magnitude, significant sediment transport is
likely to occur, as average water velocity in the river channel is >0.9 m s-1). The 2%
exceedance flow represents larger events that would facilitate channel maintenance processes
and cause the inundation of riparian habitats.
High spell events were defined as those that last for ≥1 day and were classified as
independent if there were at least 5 days between the peaks in the associated flow events.
Natural flow data from the hydrologic model for the Ringarooma River catchment were used
for these analyses. This model predicts flow in the river on a daily time-step and, therefore,
represents daily average flow and not instantaneous flow; this should be considered when
interpreting the results of these analyses.
Within the 46-year natural flow record, 20% exceedance events are predicted to have
occurred on average 9.6 times per year, have an average duration of about 8.3 days, and an
average magnitude of 12.8 m3 s-1 (Table 4). On average, the 5% exceedance events at this site
occur 3.4 times per year, have a much shorter duration (~5 days) and an average magnitude
18.7 m3 s-1. Bank-full events (those exceeding 16.2 m3 s-1) occur on average only 3.1 times
per year, last for 2 days, have a magnitude of approximately 25 m3 s-1 and usually occur in
winter.
Additionally, the rate and duration of rise and fall in flows in a river provide an indication of
short-term flow variability. These statistics were also calculated using the 46-year natural
flow record for the Cottons Bridge site (Table 5). At this site, rates of rises and falls are quite
similar (~1.0 m3 s-1 day-1), but rises (mean duration = 2.5 days) are typically shorter in
duration than falls (mean duration = 8.1 days) (Table 4).

*

for a definition of these words or terms, see the Glossary in the main report.
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Average
magnitude
(m3 s-1)
12.5
8.3
12.2
15.4
12.8

5% exceedance
(11.0 m3 s-1)
Average
Average
frequency duration
(days)
1.3
2.9
<0.1
2.5
0.3
2.9
3.2
3.8
3.4
4.8
Average
magnitude
(m3 s-1)
18.1
16.6
18.6
19.1
18.7

2% exceedance
(16.2 m3 s-1)
Average
Average
frequency
duration
(days)
0.4
2.4
<0.1
0.1
2.4
1.5
3.4
3.1
2.0
Average
magnitude
(m3 s-1)
24.4
27.0
24.9
25.4

Mean rate of fall (m s day )

1.0

8.1

-1

Mean duration of falls (days)

-1

1.2

Mean rate of rise (m3 s-1 day-1)

3

2.5

Value

Mean duration of rises (days)

Statistic
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Table 5: Average duration of rise and fall in flow, and rates of change in flow for the Ringarooma River at Cottons Bridge. Natural flow data for the Ringarooma River at this site between 1960 and
2006 was used for the analyses.

Spring
Summer
Autumn
Winter
ANNUAL

20% exceedance
(4.5 m3 s-1)
Average
Average
frequency
duration
(days)
3.0
9.0
0.2
3.3
1.1
5.0
4.7
13.1
9.6
8.3

Table 4: Results of high spells analyses using natural flow data for the Ringarooma River at Cottons Bridge between 1960 and 2006. The 20%, 5% and 2% exceedance thresholds approximate
minor freshes, moderate flows that completely inundate the channel, and bank full events respectively.

It is important, where practical, in making recommendations regarding the extraction of water
from medium to large flow events, that the natural pattern of flow variability be maintained.
This is the main premise of the Tasmanian Environmental Flows Framework (TEFF) which
DPIW uses for environmental flows assessments. Some of the key environmental and
ecological reasons for this are that flooding: (1) provides environmental benefits to many
components of riverine ecosystems by dispersing nutrients and sediments, (2) helps maintain
the river form and character, (3) distributes wood and organic material upon which instream
fauna rely, and rejuvenates riparian vegetation communities. Smaller flow pulses are also
important because they provide hydrological variation, which may help maintain water
quality during prolonged periods of low flow.
The Ringarooma River at the Cottons Bridge site has a strong seasonal flow regime. This is
clearly illustrated by the flow duration curves for each season (Figure 9) where all seasons
have distinct differences in the shapes of their respective flow curves. Whilst Figure 9 shows
the differences in both high and low flows between seasons (see the left and right tails of the
curves respectively), the variability in base flows is clearly indicated by the differences in the
curves at 0.75 exceedance (or 75% of the time).

Figure 9: Seasonal flow duration curves for the Ringarooma River at Cottons Bridge based on natural flow data for
the Ringarooma River at this site between 1960 and 2006. W inter = blue, spring = green, summer = orange, and
autumn = red.

Recommendations for allocation of flood water
It is recommended that the allocation of floodwater be restricted to times when flow at this
reach exceeds 11.0 m3 s-1 (950 ML day-1). The amount of water allocated from this part of the
flow regime should not be allowed to significantly affect flood duration. To ensure this, it is
recommended that 190 ML day-1 be made available for extraction for up to 3 days once 11.0
m3 s-1 is exceeded or until flow falls below this threshold. This volume of water represents
about one fifth of the flow threshold, and is considered to be a conservative rule to protect the
shape of high flow events and the natural pattern of the flow regime. Considering that events
exceeding 11.0 m3 s-1 occur on average about 3 times per year, this makes approximately
2,850 ML of flood water potentially available on an annual basis. Because of the distinct
seasonal pattern of flow in this catchment, this volume of water should only be made
available between the months of May and October.
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Under the recommended flood allocation rules outlined above, all flow events occurring
below the 11.0 m3 s-1 flow threshold are protected. The ecological value of these smaller
events is particularly important during prolonged periods of low-flow. Such events provide
some variability when conditions have been static, and have been viewed as having a role in
‘relieving stress’ on the system (Poff, et al., 1997), particularly by maintaining water quality
(Webster, et al., 2000). In dry years, these events may constitute a large proportion of the
variability in the water regime, and it is these events that are most impacted by the
construction of dams in the catchment; something which is an ongoing and increase pressure
in the Ringarooma catchment.
These recommendations made here for the Ringarooma River at Cottons Bridge need to be
considered in the light of similar environmental flow recommendations made for locations
elsewhere in the Ringarooma catchment. Any water that is allocated from this region needs
to be accounted for in downstream management and as component of an overall ‘water
allocation cap’ for the catchment.
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Appendix 2. Assessment for Dorset River at Dead Horse Hill
Study site
The lower Dorset River drains a landscape that has largely been transformed by agriculture
and production forestry. The environmental flows study reach encompassed 175 m of the
river at Dead Horse Hill, approximately 5 km upstream of the junction of the Dorset River
with the Ringarooma River. At this location there is a reasonable width of healthy, native
riparian forest on the northern bank (where production forestry dominates), while there is
virtually no riparian vegetation left on the southern bank (where the floodplain land has been
cleared for agriculture). This is clearly demonstrated in the aerial photograph in Plate 1,
where the river forms a clear boundary between the two dominant land use types.

Plate 1: Aerial photograph of the study reach on the Dorset River at Dead Horse Hill. It shows how the river forms a
definite boundary between production forestry to the north and cleared agriculture to the south.

The river here has a highly mobile bed, with substrate composed predominantly of cobble and
pebble material (size range = 20-200 mm), with some scattered boulder material spread
throughout (Plates 2 & 3). Although the study reach is reasonably well confined, there are
many sections of the river where the active flow channel lies within a much broader river
channel across which the flow-channel meanders (see also the aerial photograph). The size of
substrate material is no doubt a reflection of the geology and geomorphology of the region,
but the load of material within the channel is likely to reflect the level of disturbance in this
catchment and the hydraulic and hydrological changes this has brought about. The upper
catchment is known for the intensity of storm and rainfall events, and this is reflected in the
degree of river adjustment that can be seen, particularly in areas lacking riparian vegetation.
Because of the lack of riparian vegetation along much of the river system immediately
upstream of this site, the river contains very little woody debris. The only large elements
within the river that provide complex habitat are the few boulders that occur within the reach.
As a result, there is scant cover for larger fish, and electrofishing at two locations in the river
system showed that the fish community is dominated by fish under 250 mm in length
(Figure 1).
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Plates 2& 3: Photographs of the study reach on the Dorset River at Dead Horse Hill. Flow in the river at this time was
3
measured at 2.08 m /s.
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Figure 1: Histogram showing the size distribution of fish captured during electrofishing surveys in the Dorset River.
Species include blackfish, short-finned eels and brown trout.

Minimum flow for Dorset River
There are several factors that need to be considered when assessing the minimum flow
requirements of the lower Dorset River. The first is the amount of instream habitat that needs
to be maintained to support a healthy and diverse fish and invertebrate community. The
significant species that require particular attention in this case are river blackfish (Gadopsis
marmoratus), the giant freshwater crayfish (Astacopsis gouldi), and platypus
(Ornithorhynchus anatinus). Along with native eels (Anguilla australis and A. reinhardtii),
river blackfish are the most abundant native fish species found in the upper reaches of this
river system, and both manage to co-exist with the introduced brown trout (Salmo trutta).
Unfortunately, the presence of this latter species is likely to contribute to the scarcity of the
other native fish species that is predicted to occur in the upper Ringarooma catchment,
Galaxias truttaceus. Other contributing factors may also be the gorges that occur at Derby
and downstream, which may pose a significant impediment to the migration of this fish, and
the relative lack of instream woody debris and slack water habitat which this species prefers.
As well as providing sufficient habitat for these species within the river, minimum flows
should also aim to maintain adequate water to sustain the invertebrate fauna upon which these
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species rely for food. By providing for the water requirements of invertebrates, we are
ensuring a stronger and more resilient aquatic food web.
The final factors that need to be kept in mind when assessing the minimum flow requirements
of the river are the availability of food for aquatic organisms and connectivity between
remnant pools so that dispersal processes can be maintained. Given the lack of large woody
debris in the river, the maintenance of wetted leaf packs and areas where organic material is
deposited is of vital importance in providing a diverse food supply for micro- and
macroinvertebrates. While autochthonous organic matter will be available during low flow
periods (in the form of algal growth on rocks in the river), decomposing terrestrial organic
matter within the river provides a vital food source for invertebrate species that are not
adapted to feed by grazing on algae and biofilms.
During low flow periods, connectivity between deeper pools or reaches within patches of
riparian vegetation is likely to be very important in providing pathways for fish movement
when local conditions become unfavourable (e.g. high water temperature). This is of
particular relevance in this river, where large stretches of river have little or no vegetation to
provide shade.

Assessment
Keeping these various issues in mind, the hydraulic model for the reach was examined within
the River Analysis Package (RAP) to identify potential minimum flows on a monthly basis.
The cross-section profiles for the study reach showed that over the length of the reach (175
m), there was a drop in thalweg height of only 1.021 m. As a result the hydraulic model
predicts that at zero flow, water depth is < 50 mm at 5 of the 11 transects. The deepest part of
the river is a small pool where maximum depth is about 0.36 m. The average wetted
perimeter of the channel at zero flow is only 2.9 m, as many of the shallow, gravel benches
are above the water-line.
At a discharge of 2 m3/s the flow is split between the main flow path and a smaller side
channel on the left-hand side at the top end of the reach. At this level of discharge, thalweg
depth ranges from 0.2 m to 0.85 m and the small lateral benches are submerged, providing a
much greater average wetted perimeter of 12.8 m. As flow increases above this threshold, the
corresponding increase in wetted area is markedly less (Figure 2).

3

Figure 2: Graph of the relationship between discharge (m /s) and average wetted perimeter (m) of the study reach
3
on the Dorset River at Dead Horse Hill. The distinct change in gradient at about 2 m /s corresponds to the flooding of
lateral gravel benches in the river channel.
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Habitat availability for relevant biota or assemblages was then examined. This is estimated
within RAP in the units of metres squared per metre of river length (m2/m). Rating curves for
individual fish species as well as the combined curve for the entire fish assemblage (Figure 3)
showed that maximum habitat for fish is provided at 0.22 m3/s. This appears to be driven by
the habitat requirements of adult and juvenile blackfish, both of which favour lower
discharges when water velocity is less. At 0.22 m3/s, a significant amount of instream habitat
is provided for eels (60% of maximum potential habitat), galaxiids (42% of maximum
potential habitat) and juvenile trout (64% of maximum potential habitat).

2

-1

3

-

Figure 3: Rating curves showing the amount of habitat available (in m m on the y-axis) with change in flow (in m s
1
on the x-axis) for (a) the entire fish assemblage, and (b) juvenile blackfish in the Dorset River at Dead Horse Hill.
Habitat availability is predicted as average metres squared of habitat per metre of river length.

Examination of the habitat availability rating curves for both freshwater crayfish and platypus
(Figure 4) also indicates that at a discharge of 0.22 m s-1 a substantial percentage of habitat
(76% and 83% respectively) is provided for these two highly valued species.
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Figure 4: Rating curves showing the amount of habitat available (m m ) with change in flow (m s ) for (a) A. gouldi,
and (b) O. anatinus in the Dorset River at Dead Horse Hill. Habitat availability is predicted as average metres
squared of habitat per metre of river length.

A similar process was carried out for invertebrates, with the rating curves for many of the
dominant taxa being examined. However, to simplify the analysis and to examine changes in
habitat availability over time, curves for invertebrate abundance and total number of taxa
were used (Figure 5). These were derived using habitat preference data collected during
earlier studies by DPIWE in the Great Forester River and the upper reaches of the North Esk
River, where instream habitat was found to be similar to that in the Dorset River.
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Figure 5: Rating curves showing the amount of habitat available (m m ) with change in flow (m s ) for (a)
macroinvertebrate abundance (b) total number of invertebrate taxa in the Dorset River at Dead Horse Hill. Habitat
availability is predicted as average metres squared of habitat per metre of river length.

To examine changes in habitat availability through time, these rating curves were then used to
transform the modelled natural flow for the lower Dorset River into a time series of habitat
availability. As this is a low flow assessment, the flow time series was first subjected to
baseflow separation using the Lyn-Hollick digital filter available in RAP . This allows the
variability associated with medium and large flow events to be removed, as it is not pertinent
to a low flow assessment. Under higher flows, biota are also likely to behave differently,
seeking refuge from high water velocities and unfavourable conditions by burrowing into the
riverbed or seeking shelter in slackwater areas.
Using the rating curves in Figure 5, the natural baseflow time series for the lower Dorset
River (covering the period 1960 to 2006) was converted to a time series of habitat
availability. An example of this is provided in Figure 6, where changes in natural streamflow
(red), its baseflow component (blue) and habitat availability for maintaining
macroinvertebrate abundance (green) for a number of years is shown.
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-1

3

-1

Figure 6: Time series of changes in natural streamflow (red – as m s ), baseflow (blue - as m s ) and modelled
2
-1
available habitat for macroinvertebrate abundance (green – as m m ) in the Dorset River at Dead Horse Hill.
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To assess the seasonal change in habitat available for the maintenance of macroinvertebrate
abundance and numbers of taxa, the 46 years of record of daily data was aggregated for each
individual month, and these were then used to calculate percentiles (20th to 95th) of habitat
availability. The results of this are graphically presented in Figure 7 and 8, and show that
under natural baseflow conditions, habitat availability for benthic macroinvertebrates is most
limited in March and April.
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Figure 7: Monthly percentiles of habitat area available to maintain macroinvertebrate abundance in the lower Dorset
2
-1
River using modelled ‘natural’ baseflows from 1960 to 2006. Habitat availability is in units of m m .
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Figure 8: Monthly percentiles of habitat area available to maintain diversity of macroinvertebrate taxa (taxa number)
2
-1
in the Dorset River using modelled ‘natural’ baseflows from 1960 to 2006. Habitat availability is in units of m m .
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Table 1: Monthly 85 , 75 and 50 percentiles of instream habitat available to maintain macroinvertebrate
abundance derived from ‘natural’ baseflow data, and the corresponding flows that provides these amounts of habitat.

MONTH

85%ile
habitat
(m2 m-1)
6.46

Flow that
maintains 85%
of habitat
(m3 s-1)
0.48

5.61

Flow that
maintains 75%
of habitat
(m3 s-1)
0.32

4.17

Flow that
maintains 50%
of habitat
(m3 s-1)
0.16

Feb

5.70

Mar

5.25

0.33

5.23

0.26

4.48

0.26

3.69

0.13

0.18

3.55

0.12

Apr

5.35

0.28

5.03

0.22

3.71

0.13

May

6.12

0.42

5.53

0.31

4.84

0.19

Jun

6.74

0.92

6.62

0.72

6.05

0.40

Jul

6.78

1.00

6.69

0.83

6.52

0.52

Aug

6.85

1.10

6.78

1.00

6.56

0.59

Sep

6.85

1.10

6.74

0.92

6.17

0.43

Oct

6.74

0.92

6.63

0.73

6.23

0.44

Nov

6.66

0.80

6.55

0.58

5.89

0.38

Dec

6.56

0.61

6.30

0.45

5.23

0.26

Jan

th

th

75%ile
habitat
(m2 m-1)

50%ile
habitat
(m2 m-1)

th

Table 2: Monthly 85 , 75 and 50 percentiles of instream habitat available to maintain macroinvertebrate taxa
diversity (taxa numbers) from ‘natural’ baseflow data, and the corresponding flows that provides these amounts of
habitat.

MONTH

85%ile
habitat
(m2 m-1)

Flow that
maintains 85%
of habitat
(m3 s-1)

75%ile
habitat
(m2 m-1)

Flow that
maintains 75%
of habitat
(m3 s-1)

50%ile
habitat
(m2 m-1)

Flow that
maintains 50%
of habitat
(m3 s-1)

Jan

7.12

0.37

6.82

0.32

5.72

0.15

Feb

6.92

0.33

6.64

0.25

5.09

0.13

Mar

6.65

0.25

6.11

0.17

4.92

0.12

Apr

6.66

0.25

6.61

0.22

5.12

0.13

May

7.39

0.41

6.74

0.31

6.58

0.19

Jun

8.17

1.01

7.82

0.49

7.32

0.40

Jul

9.23

1.70

8.91

1.46

7.90

0.85

Aug

9.29

1.74

9.07

1.58

8.55

1.21

Sep

9.37

1.81

9.19

1.66

8.70

1.31

Oct

9.32

1.77

9.13

1.62

8.25

1.04

Nov

8.83

1.40

8.17

1.00

7.60

0.45

Dec

7.82

0.8

7.71

0.47

6.65

0.26

Minimum flow recommendations
For the lower Dorset River, the recommended monthly environmental flow for the river is
provided below. This is recommended as a limit to water allocation in the sub-catchment, and
for the purposes of daily water management the recommended cease-to-take flow is set as the
flow that will maintain 50% of instream habitat for macroinvertebrates. These figures have
been recommended whilst keeping in mind the optimum flow for maintaining instream
habitat for blackfish, freshwater crayfish and platypus, all of which are of some ecological
value in the catchment.
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Table 3: Recommended environmental flow and cease-to-take flow for the lower Dorset River. The first is
recommended as a limit for water allocation, and the second as a threshold for daily water management in the
catchment.

Environmental flow
(75% of habitat maintenance
flow)
(m3 s-1)

Cease-to-take flow
(50% habitat maintenance
flow)
(m3 s-1)

Jan

0.32

0.16

Feb

0.26

0.13

Mar

0.18

0.12

Apr

0.22

0.13

May

0.31

0.19

Jun

0.61

0.40

Jul

1.15

0.69

Aug

1.29

0.90

Sep

1.29

0.87

Oct

1.18

0.74

Nov

0.79

0.42

Dec

0.46

0.26

MONTH

Flood flows
Examination of the hydraulic model for the study reach shows that at a discharge of about 1520 m3 s-1, water level at most of the river cross sections is near to or exceeds the top of the
bank. Flows of about this magnitude can, therefore, be regarded as roughly equivalent to the
bank full flow at this reach. At this discharge, average water velocity throughout the reach is
predicted to be between 1.0 and 1.8 m s-1 and is sufficient to mobilise most of the mobile bed
material within the channel (gravels, pebbles and cobbles). Bank full discharge is commonly
referred to as the ‘channel maintenance flow’ and is one of the geomorphically important
flows in the hydrology of a river.
High spells analysis was conducted for the study reach on the lower Dorset River using the
20% exceedance* (daily average flow of 3.5 m3 s-1), 5% exceedance (9.0 m3 s-1) and 1%
exceedance (15.0 m3 s-1) flows as thresholds (Table 4). High spell events were defined as
those that last for ≥1 day and were classified as independent if there were at least 5 days
between the peaks in associated flow events.
Natural flow data from the hydrologic model for the Ringarooma River catchment were used
as input in these analyses. This model predicts flow in the river on a daily time-step and,
therefore, represents ‘daily average flow’ and not instantaneous flow. This must be kept in
mind when viewing the following results.
The 20% exceedance threshold represents ‘freshes’ and minor ‘flushing’ flows, and in this
case was used to examine the seasonal frequency and duration of smaller events. At the 5%
exceedance flow threshold, water level is estimated to completely inundate a large portion of
the river channel; this was determined visually from the hydraulic model for the reach. At
*

for a definition of these words or terms, see the Glossary in the main report.
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flows of this magnitude, sediment transport processes are likely to be operating (average
water velocity in-channel exceeds 1.0 m s-1). The 1% exceedance flow represents larger
events when river bank erosion and channel maintenance processes are likely to occur and
water inundates riparian areas and minor flood terraces.
Over the 46 years of record 20% exceedance events are predicted to have occurred on average
about 6 times per year, have an average duration of about 13 days, and an average magnitude
of 12.7 m3 s-1 (Table 4), which is more than twice the threshold level. The seasonal analysis
shows that the majority of these events over winter and spring (May to October) with very
few occurring in summer and early autumn. In contrast, 5% exceedance events occur about 4
times per year, have a much shorter duration (4 days) and an average magnitude only 4.4 m3
s-1 higher than 20% exceedance events. Bank-full events (exceeding 15 m3 s-1) occur on
average only 1.5 times per year, last for about 3 days and usually occur in winter.
Along with the data that characterises the duration and rates of rise and fall in flow at this
location (Table 5), these data provide a useful basis from which to develop recommendation
for high flow water allocation rules that will not impact negatively on the flow regime.
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-1

12.7
12.1
7.3
11.7
14.8

Average
magnitude
(m3 s-1)

5% exceedence
(9 m3 s-1)
Average
Average
frequency duration
(days)
182
3.9
4.0
1.1
3.3
<0.1
2.0
0.4
2.7
2.4
4.7
17.1
17.9
13.5
16.3
17.6

Average
magnitude
(m3 s-1)

6.8
1.1

Mean rate of Fall (m3 s-1 day-1)

2.1

Mean duration of Falls (days)

-1

1.2

-1

Value

Mean rate of Rise (m s day )

3

Mean duration of Rises (days)

(Using whole record)

Statistic

Table 5: Average duration of rise and fall in flow, and rates of change in flow for the lower Dorset River.

Total no.
Annual
Spring
Summer
Autumn
Winter

20% exceedence
(3.5 m3 s-1)
Average
Average
frequency
duration
(days)
290
6.2
13.3
2.6
10.9
0.2
4.7
0.9
5.8
3.3
16.7

1% exceedence
(15 m3 s-1)
Average
Average
frequency
duration
(days)
71
1.5
2.9
0.4
2.4
0
0.1
2.0
1.1
3.1
24.6
23.3
25.3
24.0

Average
magnitude
(m3 s-1)
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Table 4: Summary of ‘high spells’ analysis using ‘natural’ flow data for the lower Dorset River. The 20% exceedance threshold (3.5 m s ) approximates minor ‘freshes’ or ‘flushing’ events at this
3 -1
3 -1
reach. The 5% exceedance threshold (9 m s ) represents significant flow events that frequently occur through the year, and the 1% exceedance threshold (15 m s ) approximates bank full flood
events that are also likely to inundate riparian areas and minor floodplain terraces.

In making recommendations regarding the extraction of water from medium to large flow
events, it is important that, where practical, the natural pattern of flow variability be
maintained. This is the main premise of the Tasmanian Environmental Flows Framework
(TEFF), which the DPIW supports. The main environmental and ecological reasons for this
are that flooding: provides numerous environmental benefits in terms of nutrient and sediment
dispersal, acts to maintain the river form and character, distributes wood and organic material
upon which instream fauna rely, and rejuvenates riparian vegetation communities. Smaller
flow ‘pulses’ are also important in that they provide hydrological variation which, during
longer periods of low flow, may detach nuisance filamentous algae and reset biofilms.
As shown in Table 4, when channel maintenance flows occur, they tend to greatly exceed the
bank-full threshold, providing excess water to the floodplain. In this reach, this water will
also help maintain the remnant native riparian vegetation on the northern side of the river.
However, it this component of the flow regime from which managed water extractions may
have least affect on the health of the river’s ecosystem. Bearing this in mind, the following
recommendation is made.
Lie the other study reaches in the Ringarooma River catchment, the Dorset River has strong
seasonal flow regime. This is demonstrated by the flow duration curves for each season
(Figure 9) where all seasons have distinct differences in the shapes of their respective flow
curves. Whilst Figure 9 shows the differences in both high and low flows between seasons
(see the left and right tails of the curves respectively), the variability in base flows is clearly
indicated by the differences in the curves at 0.75 exceedance (or 75% of the time).

Figure 9: Seasonal duration curves for the lower Dorset River. Blue represents winter, green is spring, dark orange is
summer and red is autumn.

Recommendations for allocation of flood water
It is recommended that the allocation of floodwater be restricted to times when flow at this
reach exceeds 9.0 m3 s-1 (780 ML day-1). The amount of water allocated from this part of the
flow regime should not be allowed to significantly affect flood duration. To ensure this, it is
recommended that 150 ML day-1 be made available for extraction for up to 3 days once 9.0
m3 s-1 is exceeded or until flow falls below this threshold. This volume of water represents
about one fifth of the flow threshold, and is considered to be relatively conservative in terms
of protecting the shape of high-flow events and the natural pattern of the flow regime.
Considering that events exceeding 9 m3 s-1 occur on average about 4 times per year, this
makes approximately 1,800 ML potentially available on an annual basis. Because of the very
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distinct seasonal pattern of flow in this catchment, this volume of water should only be made
available between the months of May and October.
Under the recommended flood allocation rules outlined above, all flow events occurring
below the 9 m3 s-1 flow threshold are protected. The ecological value of these smaller events
is particularly important during prolonged periods of low-flow. Such events provide some
variability when conditions have been static, and have been viewed as having a role in
‘relieving stress’ on the system (Poff, et al., 1997), mainly through the mechanism of
ameliorating water quality (Webster, et al., 2000). In a dry year these events may constitute a
large proportion of the variability in the water regime, and it is these events that are most
impacted by the proliferation of catchment dams.
It should be recognised that the recommendations made here for the Dorset River subcatchment need to be considered in the light of similar recommendations made for locations
elsewhere in the Ringarooma River system. Any water that is allocated from this subcatchment needs to be accounted for in downstream management and as part of an overall
‘water allocation cap’ for the catchment.
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Appendix 3. Assessment for Ringarooma River at the Yeates
property
Study site
The upper Ringarooma River in the area surrounding the Yeates property drains a landscape
that has largely been transformed by agricultural and forestry practices. The environmental
flows study reach encompassed 225 m of the Ringarooma River on the Yeates property. This
site is located approximately 150 m downstream of the confluence of the Dorset River with
the Ringarooma River. At this site, both banks of the river are vegetated by mostly native
forest, which extends >50 m from the river channel. Within the region surrounding the study
reach, the substrate of the river is composed predominantly of sand, pebble and cobble
(diameter range = 2-200 mm), but many boulders (>300 m in diameter) are also present
(Plates 1). The active channel of the river is typically well defined, but there are some
relatively small floodplains in this area of the Ringarooma catchment.

Plates 1: Ringarooma River at the study site on the Yeates property. This image shows the typical habitat
characteristics of the river in this area which include: (1) dense, mostly native riparian vegetation, (2) defined pools
and riffles, (3) variable substrate particle size (i.e. sand to bolder), and (4) instream woody debris.

Minimum flows
There are several environmental factors that need to be considered when assessing the
minimum flow requirements of the Ringarooma River in the area surrounding the Yeates
property. The following aquatic taxa/ecosystem values and riverine processes have been
considered in this environmental flows assessment:
•

Fish assemblage: according to the CFEV database, eels (Anguilla australis and Anguilla
reinhardtii), spotted galaxias (Galaxias truttaceus), lampreys (Geotria australis and
Mordacia mordax), river blackfish (Gadopsis marmoratus), and sandies (Pseudaphritus
urvillii) are native species that are likely to occur in this area. Recent fish fauna surveys
by DPIW staff at this site and in the upper Ringarooma found A. australis and G.
marmoratus to be the dominant native species in the area, whilst introduced brown trout
(Salmo trutta) are also abundant in this region of the catchment.

•

Platypus (Ornithorhynchus anatinus): known to be abundant is this area of the river
(DPIW staff, personal observations).
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•

Giant freshwater crayfish (Astacopsis gouldi): known to be present in this area of the
river.

•

Macroinvertebrate communities: both the diversity and abundance of invertebrate
communities are key components of aquatic ecosystems. According to the CFEV
database, threatened hydrobiid snail species’ (Beddomeia complex) are likely to occur is
this area.

•

Riparian tree assemblages: native riparian vegetation is an important component of
aquatic ecosystems. According to the CFEV database, threatened or unique flora
species/communities that are likely to occur is this area include: shrubby gum (Eucalyptus
ovata) forest, branching rush (Juncus prismatocarpus), and a riparian vegetation
community that includes wet Eucalyptus species, Acacia melanoxylon and Nothofagus
cunninghamii.

•

Fluvial geomorphology: maintenance of geomorphological features and processes
including channel form, bed scouring, and substrate disturbance and deposition, and
instream habitats such as pools, runs, riffles and shallow benches (and connectivity
between them).

•

The movement and deposition of woody debris into and within the river channel.

Assessment
A hydraulic model of the study reach (which was derived using the software HEC-RAS),
along with the habitat requirements of taxa found at this site, were used to identify monthly
minimum flow requirements of the riverine ecosystem of the Ringarooma River at Yeates
site. These data were analysed using the River Analysis Package (RAP) to determine
hydraulic, hydrological and ecological requirements of the study site.
Cross-section profiles of the study reach show that there was a decrease in thalweg height of
0.83 m across the length of the reach at the time it was surveyed. The hydraulic model
predicts that at zero flow, water depth is <40 mm at all 10 transects. The deepest part of the
reach at zero flow is a small pool where the maximum depth is 0.038 m. A discharge of 0.14
m3 s-1 maintains depths of >0.10 m at all 10 transects in the study reach and, hence, a
reasonable degree of longitudinal connectivity in the river (this enables the movement of
mobile taxa, like fish, through the reach and between microhabitats).
The average wetted perimeter of the channel at zero flow is only 1.6 m (Figure 1), as under
these conditions most shallow gravel benches are de-watered. At a discharge of
approximately 1.7 m3 s-1, many of the lateral gravel benches in the river channel become
inundated (Figure 1). Under these conditions, thalweg depth ranges from 0.32 m to 0.54 m
and the small lateral benches are submerged, providing a much greater area of wetted channel
(mean wetted perimeter = 14.6 m). There is a gradual increase in the wetted area of the
channel as flow increases above this threshold until over-bank flooding occurs at a discharge
of approximately 23.5 m3 s-1 (Figure 1).
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Figure 1: Relationship between discharge and mean wetted perimeter of the study reach on the Ringarooma River at
the Yeates property.

Habitat availability for taxa and/or assemblages under varying flow conditions within the
study reach was examined using RAP. Using habitat preference data from previous studies,
habitat suitability rating curves were examined for:
•

Blackfish (juveniles and adults)

•

Short-finned eels

•

Brown trout (juveniles and adults)

•

Giant freshwater crayfish (juveniles)

•

Platypus

•

Invertebrate abundance

•

Invertebrate diversity

Many of these taxa/assemblages have similar habitat requirements and, thus, had similar
habitat suitability curves. Because of this, combined habitat suitability rating curves for: (1)
mobile fauna (blackfish juveniles and adults, short-finned eels, brown trout juveniles and
adults, giant freshwater crayfish and platypus) (Figure 2) and (2) benthic fauna (invertebrate
abundance and diversity) (Figure 3) were derived using RAP.
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Figure 2: Relationship between habitat availability and discharge for the mobile fauna assemblage in the
Ringarooma River at the Yeates property.

Figure 3: Relationship between habitat availability and discharge for the benthic fauna assemblage in the
Ringarooma River at the Yeates property.

According to the combined curve for the mobile assemblage (Figure 2), the maximum habitat
available to these taxa is 2.7 m2 m-1, and flows of 0.2-0.5 m3 s-1 provide optimal habitat
conditions. Conversely, the combined curve for the benthic assemblage (Figure 3) shows that
the maximum habitat available to these taxa is 16.7 m2 m-1, and flows of 0.3-4.5 m3 s-1
provide optimal habitat conditions.
To examine changes in habitat availability through time, rating curves for the mobile and
benthic assemblages were used to transform the modelled natural flows for the Ringarooma
River at the study site into time series’ of habitat availability (Figures 4 & 5). As this is a low
flow assessment, the flow time series was first subjected to baseflow separation using the
Lyn-Hollick digital filter (alpha value = 0.975) in RAP; this allows the variability associated
with medium and large flow events to be removed, as it is not pertinent to a low flow
assessment. Under higher flows, biota are likely to behave differently, seeking refuge from
unfavourable conditions by burrowing into the riverbed or banks (i.e. crayfish, platypus and
some invertebrates), or seeking shelter in areas of relatively low local velocities (i.e. fishes
and some invertebrates).
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Figure 4: Time series of natural flow (red), baseflow (blue) and modelled available habitat for the mobile fauna
assemblage (green) in the Ringarooma River at the Yeates property.

Figure 5: Time series of natural flow (red), baseflow (blue) and modelled available habitat for the benthic fauna
assemblage (green) in the Ringarooma River at the Yeates property.

To assess the seasonal variation in habitat availability for the mobile and benthic assemblages, the 46year records of daily data were used to calculate percentiles (20th to 95th) of monthly habitat availability
(Figures 6 & 7).
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Figure 6: Monthly percentiles of habitat availability for the mobile fauna assemblage in the Ringarooma River at the
Yeates property. Percentiles were calculated using modelled natural baseflow data, 1960-2006.
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Figure 7: Monthly percentiles of habitat availability for the benthic fauna assemblage in the Ringarooma River at the
Yeates property. Percentiles were calculated using modelled natural baseflow data, 1960-2006.

According to the modelling approach used in this assessment, under natural baseflow
conditions, habitat availability for mobile fauna is most limited in winter-spring due to the
prevalence of flows that are higher than those preferred by these taxa. However, during this
time, these taxa would seek refuge in areas of the stream channel that have low localised
velocities. Conversely, under natural baseflow conditions, habitat availability for benthic
fauna is limited in summer-autumn due to low flows that occur at this time of year. Using the
relationships between habitat availability and discharge for the mobile (Figure 2) and benthic
(Figure 3) assemblages, the average daily flows that correspond to selected percentiles of
habitat availability were determined (Tables 1 & 2).
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Table 1: Monthly 85 , 75 and 50 percentiles of habitat available for the mobile fauna assemblage (derived from
natural baseflow data), and the corresponding flows that provide these amounts of habitat.

MONTH

85%ile
habitat
(m2 m-1)

Jan

2.09

Flow that
maintains 85%
of habitat
(m3 s-1)
0.27

Feb

2.18

Mar

1.57

Flow that
maintains 75%
of habitat
(m3 s-1)
0.24

0.61

Flow that
maintains 50%
of habitat
(m3 s-1)
0.15

0.27

1.67

0.24

0.64

2.31

0.28

0.16

1.85

0.24

1.07

0.20

Apr

2.46

0.28

2.27

0.28

1.35

0.23

May

2.31

0.28

2.02

0.26

1.34

0.23

Jun

1.55

0.24

1.07

0.21

0.00

NA

Jul

0.06

0.07

0.00

NA

0.00

NA

Aug

0.00

NA

0.00

NA

0.00

NA

Sep

0.00

NA

0.00

NA

0.00

NA

Oct

0.00

NA

0.00

NA

0.00

NA

Nov

0.82

0.20

0.60

0.15

0.00

NA

Dec

1.86

0.25

1.34

0.22

0.60

0.15

th

th

75%ile
habitat
(m2 m-1)

50%ile
habitat
(m2 m-1)

th

Table 2: Monthly 85 , 75 and 50 percentiles of habitat available for the benthic fauna assemblage (derived from
natural baseflow data), and the corresponding flows that provide these amounts of habitat.

MONTH

85%ile
habitat
(m2 m-1)

Jan

13.42

Feb

12.35

Mar

11.16

Apr

11.52

May

13.81

Jun

16.04

Jul

16.08

Aug

Flow that
maintains 85%
of habitat
(m3 s-1)

75%ile
habitat
(m2 m-1)

0.91

12.59

0.69

11.08

0.58

10.04

0.64

10.54

1.02

12.00

1.78

15.47

1.78

15.72

16.22

1.89

Sep

15.82

Oct

15.97

Nov

15.55

Dec

15.15

Flow that
maintains 75%
of habitat
(m3 s-1)

50%ile
habitat
(m2 m-1)

Flow that
maintains 50%
of habitat
(m3 s-1)

0.80

9.91

0.42

0.58

9.73

0.36

0.42

9.19

0.36

0.53

9.68

0.36

0.75

10.21

0.47

1.57

13.44

0.91

1.68

14.56

1.24

15.93

1.78

14.50

1.18

1.68

15.53

1.62

12.53

0.74

1.73

15.45

1.57

13.21

0.91

1.51

14.93

1.40

12.85

0.85

1.40

13.86

1.02

10.99

0.58
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Minimum flow recommendations
Based on the data presented in Tables 1 and 2, monthly environmental flow recommendations
for the Ringarooma River were derived (Table 3). Flows that maintain 75th and 50th
percentiles of habitat for benthic fauna are thought to be critical limits for minimum flows at
this site. These values are important thresholds of habitat availability for benthic fauna
(Figure 7; Table 2), and also adequately account for the habitat requirements of the mobile
fauna (Figure 6; Table 1). It is recommended that the monthly environmental flows (Table 3)
be used as limits for water allocation in this area of the Ringarooma catchment. For the
purposes of daily water management, cease-to-take flows have also been provided (Table 3).
Table 3: Recommended environmental flows and cease-to-take flows for the Ringarooma River at the Yeates
property. These values are based on flows that provide habitat for the benthic fauna (i.e. macroinvertebrate
communities).

MONTH
Jan

Environmental flows
(75% habitat maintenance flow)
(m3 s-1)
0.80

Cease-to-take flows
(50% habitat maintenance flow)
(m3 s-1)
0.42

Feb

0.58

0.36

Mar

0.42

0.36

Apr

0.53

0.36

May

0.75

0.47

Jun

1.57

0.91

Jul

1.68

1.24

Aug

1.78

1.18

Sep

1.62

0.74

Oct

1.57

0.91

Nov

1.40

0.85

Dec

1.02

0.58
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Flood flows
Bank full discharge is commonly referred to as the ‘channel maintenance flow’ and is
important to the geomorphology of a river. The hydraulic model of the study site on the
Yeates property shows that at discharges >23.5 m3 s-1, water levels at most of the channel
cross sections are near to or above the banks of the river. Therefore, flows of this magnitude
or greater are equivalent to bank full flows at this reach. At this discharge, average water
velocity throughout the reach is estimated to be 1.0-1.3 m s-1, which is sufficient to mobilise
most of the small-sized, mobile bed material within the channel (e.g. gravel, pebble and
cobble).
High spells analysis was conducted for the Yeates property site on the Ringarooma River
using the 20% exceedance* (daily average flow of 8.3 m3 s-1), 5% exceedance (20.1 m3 s-1)
and 2% exceedance (29.8 m3 s-1) flows as thresholds. The 20% exceedance threshold
represents ‘freshes’ and small ‘flushing’ flows, and was used to examine the seasonal
frequency and duration of these events. At the 5% exceedance flow threshold, water levels
completely inundate a large portion of the river channel (this was determined visually from
the hydraulic model for the reach). At flows of this magnitude, significant sediment transport
is likely to occur, as average water velocity in the river channel is >1.0 m s-1). The 2%
exceedance flow represents larger events that would facilitate channel maintenance processes
and cause the inundation of riparian habitats.
High spell events were defined as those that last for ≥1 day and were classified as
independent if there were at least 5 days between the peaks in the associated flow events.
Natural flow data from the hydrologic model for the Ringarooma River catchment were used
for these analyses. This model predicts flow in the river on a daily time-step and, therefore,
represents daily average flow and not instantaneous flow; this should be considered when
interpreting the results of these analyses.
Within the 46-year natural flow record, 20% exceedance events are predicted to have
occurred on average 8.2 times per year, have an average duration of about 9.4 days, and an
average magnitude of 23.8 m3 s-1 (Table 4). On average, the 5% exceedance events at this site
occur 4.8 times per year, have a much shorter duration (3.5 days) and an average magnitude
3.5.0 m3 s-1. Bank-full events (those exceeding 23.5 m3 s-1) occur on average only 2.1 times
per year, last for 2.1 days, have a magnitude of approximately 46.9 m3 s-1 and usually occur in
winter.
Additionally, the rate and duration of rise and fall in flows in a river provide an indication of
short-term flow variability. These statistics were also calculated using the 46-year natural
flow record for the site of the Yeates property (Table 5). At this site, rates of rises and falls
are quite similar (~2.0 m3 s-1 day-1), but rises (mean duration = 2.4 days) are typically shorter
in duration than falls (mean duration = 8.6 days) (Table 4).

*

for a definition of these words or terms, see the Glossary in the main report.
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Average
magnitude
(m3 s-1)
23.8
15.6
22.2
28.1
23.8

5% exceedance
(20.1 m3 s-1)
Average
Average
frequency duration
(days)
1.4
2.9
<0.1
2.5
0.3
3.0
3.1
4.0
4.8
3.5
Average
magnitude
(m3 s-1)
34.2
28.8
36.7
35.9
35.0

2% exceedance
(29.8 m3 s-1)
Average
Average
frequency
duration
(days)
0.5
2.4
0.0
NA
0.1
2.4
1.5
3.3
2.1
3.1
Average
magnitude
(m3 s-1)
44.8
NA
49.8
46.4
46.9

Mean rate of fall (m s day )

1.8

8.6

-1

Mean duration of falls (days)

-1

2.4

Mean rate of rise (m3 s-1 day-1)

3

2.6

Value

Mean duration of rises (days)

Statistic
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Table 5: Average duration of rise and fall in flow, and rates of change in flow for the Ringarooma River at the Yeates property. Natural flow data for the Ringarooma River at this site between 1960
and 2006 was used for the analyses.

Spring
Summer
Autumn
Winter
ANNUAL

20% exceedance
(8.3 m3 s-1)
Average
Average
frequency
duration
(days)
3.0
9.5
0.2
3.4
1.0
5.0
4.7
12.0
8.2
9.4

Table 4: Results of high spells analyses using natural flow data for the Ringarooma River at the Yeates property between 1960 and 2006. The 20%, 5% and 2% exceedance thresholds approximate
minor freshes, moderate flows that completely inundate the channel, and bank full events respectively.

It is important, where practical, in making recommendations regarding the extraction of water
from medium to large flow events, that the natural pattern of flow variability be maintained.
This is the main premise of the Tasmanian Environmental Flows Framework (TEFF) which
DPIW uses for environmental flows assessments. Some of the key environmental and
ecological reasons for this are that flooding: (1) provides environmental benefits to many
components of riverine ecosystems by dispersing nutrients and sediments, (2) helps maintain
the river form and character, (3) distributes wood and organic material upon which instream
fauna rely, and (4) rejuvenates riparian vegetation communities. Smaller flow pulses are also
important because they provide hydrological variation, which may help maintain water
quality during prolonged periods of low flow.
The Ringarooma River at the site on the Yeates property has strong seasonal flow regime.
This is clearly illustrated by the flow duration curves for each season (Figure 9), where all
seasons have distinct differences in the shapes of their respective flow curves. Whilst Figure 9
shows the differences in both high and low flows between seasons (see the left and right tails
of the curves respectively), the variability in base flows is clearly indicated by the differences
in the curves at 0.75 exceedance (or 75% of the time).

Figure 9: Seasonal flow duration curves for the Ringarooma River at the Yeates property based on natural flow data
for the Ringarooma River at this site between 1960 and 2006. W inter = blue, spring = green, summer = orange, and
autumn = red.

Recommendations for allocation of flood water
It is recommended that the allocation of floodwater be restricted to times when flow at this
reach exceeds 20.1 m3 s-1 (1,737 ML day-1). The amount of water allocated from this part of
the flow regime should not be allowed to significantly affect flood duration. To ensure this, it
is recommended that 347 ML day-1 be made available for extraction for up to 3 days once
20.1 m3 s-1 is exceeded or until flow falls below this threshold. This volume of water
represents about one fifth of the flow threshold, and is considered to be a conservative rule to
protect the shape of high flow events and the natural pattern of the flow regime. Considering
that events exceeding 20.1 m3 s-1 occur on average about 5 times per year, this makes
approximately 8,685 ML of flood water potentially available on an annual basis. Because of
the distinct seasonal pattern of flow in this catchment, this volume of water should only be
made available between the months of May and October.
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Under the recommended flood allocation rules outlined above, all flow events occurring
below the 20.1 m3 s-1 flow threshold are protected. The ecological value of these smaller
events is particularly important during prolonged periods of low-flow. Such events provide
some variability when conditions have been static, and have been viewed as having a role in
‘relieving stress’ on the system (Poff, et al., 1997), particularly by maintaining water quality
(Webster, et al., 2000). In dry years, these events may constitute a large proportion of the
variability in the water regime, and it is these events that are most impacted by the
construction of dams in the catchment; something which is an ongoing and increase pressure
in the Ringarooma catchment.
These recommendations made here for the site on the Ringarooma River on the Yeates
property need to be considered in the light of similar environmental flow recommendations
made for locations elsewhere in the Ringarooma catchment. Any water that is allocated from
this region needs to be accounted for in downstream management and as component of an
overall ‘water allocation cap’ for the catchment.
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