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Introduction
A selection of methods for recommending minimum environmental flows has been used in
Tasmania, including desktop methods, percentile recommendations and habitat-based
assessments. Minimum flows have been emphasised because the water use in Tasmania
predominantly occurs by abstraction for irrigation, or by regulation for hydroelectric
operation. Minimum flows have been specifically targeted at preserving habitat for specific
instream taxa, predominantly fish and macroinvertebrates, during periods of high water
demand. Focussing on minimum flows neglects other components of the riverine ecosystem,
specifically geomorphological processes, riparian vegetation, floodplains and their associated
wetlands, hyporheic and groundwater connectivity, and estuaries. Moreover, it neglects the
interactive nature of these ecosystem components and the ecological processes that regulate
observed patterns of faunal distribution (Poff et al. 1997). As demand for water increases, so
do the times at which it is required, and attention is turning to other components of the natural
flow regime that may meet these demands. Therefore, it is necessary to extend the scope of
environmental flows studies to address the flow requirements the entire riverine ecosystem.
The perception of riverine ecosystems as persistent systems in equilibrium has recently
shifted to a perception of them as dynamic, heterogeneous and highly variable systems,
generally in states of non-equilibrium, and there have been numerous calls to extend this
perception to the management of these systems (Walker et al. 1995, Poff et al. 1997,
Puckridge et al. 1998, Ward et al. 1999, Ward et al. 2001). Consequently, there has been a
move towards including other components of the natural flow regime in environmental flows
studies to meet the requirements of ecosystem processes, and thus effective ecosystem
functioning, over and above the provision of habitat for instream organisms (eg, Davies et al.
2002, Davies and Cook 2003). In recognition of this, the Water Assessment Branch of the
Department of Primary Industries, Water and Environment, Tasmania, has conducted a
project funded by the National Action Plan for Salinity and Water Quality (NAPSWQ) to
develop a framework for recommending holistic environmental flow regimes for Tasmanian
catchments.
A major part of this project is the development of field methods and guidelines to determine
the flow regime necessary to preserve the ecological processes regulating, and occurring
within, the geomorphological and riparian vegetation components of the ecosystem.
Geomorphology and riparian vegetation are intricately linked (eg, Brooks et al. 2003),
incorporate processes occurring at numerous spatial and temporal scales, and consequently
can have major regulating roles in riverine ecosystem functioning (Hupp and Osterkamp
1996, Naiman and Decamps 1997, Bunn et al. 1999, Nilsson and Svedmark 2002). This
review describes the relationships of geomorphology and riparian vegetation with flow, their
roles and influences in riverine ecosystem functioning at varying spatial and temporal scales,
and the importance of flow for maintaining their ecosystem roles.

Riverine ecosystems
The last decade in ecological research has seen the perception of riverine ecosystem shift to
one of highly dynamic and variable systems operating at a range of scales through space and
time (Poff et al. 1997, Ward et al. 2001, Naiman et al. 2002), representing a “moving target”
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(Walker et al. 1995) for investigation. Numerous conceptual models have been proposed to
explain how riverine ecosystems function, for example the river continuum concept (Vannote
et al. 1980) and the flood pulse concept (Junk et al. 1989) to name two of the best known
examples. These models have since been reappraised to acknowledge flow, and particularly
its variability, as the primary driver which organises lotic systems (Walker et al. 1995, Poff et
al. 1997). Yet they still tend to focus on one perspective of the ecosystem, such as
longitudinal flow or river-floodplain interactions, which may not be present in every river,
rather than viewing the system as an integrated whole.
Perhaps the one of the most intuitive models to view riverine ecosystems is that proposed by
Ward (1989), where flow is considered in terms of hydrological connectivity over four
catchment-wide dimensions (Figure 1):
•

longitudinally, along the tributaries and main channel from the headwaters to the estuary,

•

laterally, from the main channel to the riparian zone and secondary channels to the
floodplain,

•

vertically, from the surface waters through the water column to the hyporheic zone and
groundwater,

•

and temporally.

Figure 1: Hydrological connectivity in a riverine ecosystem (from Ward
1989). The arrows represent longitudinal connectivity, along the
tributaries and main channel, from the headwaters to the estuary; later
connectivity, from the main channel to the riparian zone, floodplains
and wetlands; and vertical connectivity, from surface waters to the
hyporheic zone and groundwater. Not represented on this graph but

Such a perspective of riverine ecosystems ensures that all components of the system are
considered. Riverine systems are comprised of numerous components including
geomorphology, riparian vegetation, the hyporheos and groundwater, floodplains and their
associated wetlands, and estuaries, all of which interact with each other and are acted upon by
flow (Walker et al. 1995, Poff et al. 1997, Bendix and Hupp 2000). This model of
hydrological connectivity encompasses the range of abiotic and biotic processes occurring
within and between the various ecosystem components, and recognises that these processes
may differ in importance at different spatial (eg. headwaters versus floodplains) and temporal
(eg. summer versus winter) locations in the ecosystem (Bendix and Hupp 2000, Tockner et al.
2000). But most importantly, this perspective of riverine systems recognises that flow
dynamics are inherently three-dimensional across space, as well as varying through time, and
thus flow is the primary driver of ecosystem functioning.
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This review focusses predominantly on the geomorphological and riparian vegetation
components of the ecosystem, as the effects of flow on these two components are primarily
responsible for the physical structure of the system. Flow, geomorphology and riparian
vegetation influence, and are influenced by, each other in a constant feedback loop, and thus
represent a highly dynamic system where individual effects can be difficult to unravel
(Bendix and Hupp 2000, Richards et al. 2002, Steiger and Gurnell 2002).
The geomorphology of a river is a result of water flowing across the catchment geology and
the capacity of the geology to erode determines the sediment texture supplied to the river
(Church 2002). Both flow and the sediments it transports determine the patterns of sediment
erosion and deposition, creating the geomorphological structure of a river and its floodplain
(Bendix and Hupp 2000, Steiger and Gurnell 2002). In turn, these geomorphological features
influence the structure of the riparian and floodplain vegetation communities, and together
they influence the pathways of flow around them and where erosional and depositional forces
will act on the sediments (Boulton et al. 1998, Steiger and Gurnell 2002).
At large spatial and temporal scales, the influence of geology and the topographic gradient
can influence the spatial pattern of sediment erosion, entrainment and deposition, to
determine the location of instream islands, floodplains, billabongs and the overall channel
morphology (Gurnell et al. 2001, Church 2002, Richards et al. 2002, Steiger and Gurnell
2002). Steiger and Gurnell (2002) developed a conceptual model of riparian and floodplain
sedimentation where infrequent floods of large magnitude will have a high erosional power
through bedrock-constrained valleys, leading to a back-up of water and sediment settling out
above the constriction. In unconstrained floodplain reaches, the same floods will deposit and
redistribute sediments, particularly at the floodplain margins, secondary channels and other
features, as water velocity dissipates over the extent of the floodplain. During smaller, more
frequent flow pulses there is lower hydrological connectivity between the main channel and
the riparian zone, leading to greater sediment deposition close to the main channel (Steiger
and Gurnell 2002).
Flow over these large-scale features determines the hydraulics of the water and where
sediments are eroded and deposited at smaller scales, thus dictating the finer scale
architecture of the channel and its floodplain (Steiger and Gurnell 2002). Richards et al.
(2002) illustrate how sediment deposition on floodplains determines the degree of channel
migration and ultimately the creation of secondary waterbodies such as cut-off meanders, and
more importantly, that these features vary considerably in age, contributing to the physical
heterogeneity of the floodplain. Geomorphic structures are created by the flood pulses which
redistribute sediments within the channel and on the floodplain. Instream and riparian features
are newer, reflecting more frequent flow pulses, while features on the floodplain increase in
age with increasing distance from the main channel, reflecting the less frequent, larger
magnitude flood pulses. It is this physical heterogeneity through time and space which
contributes to the patterns observed within riparian and floodplain vegetation (Bendix and
Hupp 2000).
As water moves down river channels and over floodplains, it erodes and deposits sediments
thus creating a diversity of sediment patches over time and space, often referred to as the river
or floodplain mosaic (Richter et al. 1997, Tabacchi et al. 2000). The likelihood of a species
growing on a particular geomorphic feature depends on the suitability for germination and the
environmental conditions permitting persistence until reproduction (Bendix and Hupp 2000,
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Hughes et al. 2001). Alluvial patches for riparian vegetation germination are provided by both
erosion, as vegetation is cleared by mechanical damage, substrate erosion or root-zone
inundation, and deposition, as fine alluvial sediments are deposited (Bendix and Hupp 2000).
The degree of erosion and deposition are regulated by the size of the flood pulse, therefore
greater patch renewal occurs closer to the main channel where smaller flood pulses occur
more frequently. Patch renewal involves removing the vegetation and “resetting” successional
processes (Bendix and Hupp 2000, Hughes et al. 2001). This leads to a patchiness in the age
structure of riparian and floodplain communities; those stands further from the main channel
are likely to be older because they are less frequently disturbed by flood pulses. Hughes et al.
(2001) suggest floods are important for regeneration and germination and are required only
sporadically, whereas low flows are important for seedling survival and the maintenance of
the riparian community. Pettit et al. (2001) defined critical flows for riparian vegetation and
found riparian community composition was closely related to the natural occurrence of these
flows. “Low flows”, those occurring below the active channel, were important for exposing
sediments for seedling germination and establishment. “Riparian flows” described flows that
entered the riparian zone and were important for seed dispersal, soil water recharge and the
redistribution of sediments, and “floodplain flows” described the large infrequent events
which inundated the floodplain (Pettit et al. 2001). The germination and establishment of
floodplain vegetation is directly related to the depth of the water table and the rate of
floodwater recession (Shafroth et al. 1998, Hughes et al. 2001).
It is not just the age structure of the riparian community that is influenced by floods, but the
species composition as well. Riparian and floodplain species vary in their susceptibility to
floods, therefore flood pulses of differing severity are reflected in the species composition of
the community (Auble et al. 1994, Bendix and Hupp 2000, Evans 2003). Some riparian
species have adapted to the mechanical disturbance of floods by shooting adventitiously from
roots and branches, and are more likely to be found in zones of greater fluvial disturbance,
whereas some floodplain species are more tolerant of prolonged saturation of the root zone
(Bendix and Hupp 2000, Pettit, Froend et al. 2001, Lytle and Poff 2004). Other species are
opportunistic and flood disturbance allows the recurrence of rapid-growing, pioneer species
(such as herbs) throughout the riverine landscape (Wintle 2002). It is the flood regime which
characterises the distribution of geomorphic features and riparian and floodplain community
structure (Capon 2001, Evans 2003).
This relationship is not necessarily linear, however, given the important filtering role of the
riparian and floodplain vegetation. Riparian vegetation constitutes a physical structure which
filters the surface waters as they flow over the banks and out onto the flood plain, and has
been referred to as the “biological processor” of the terrestrial-aquatic interface (Tabacchi et
al. 2000). Debris washed from upstream areas can be actively trapped by riparian vegetation,
leaving smaller organic material and sediments to pass through and settle on the floodplain.
Similarly, the receding floodwaters transport finer organic material back to the main channel,
through the riparian “filter”. Thus the riparian vegetation plays an important role in regulating
material and sediment exchange between the main channel and the floodplain (Naiman and
Decamps 1997). This filtering role is not restricted to floodplain reaches of a river; riparian
vegetation in steep upland reaches is equally as important in filtering surface runoff and
subsurface flows, and it also filters stream power and dissipates kinetic energy, helping to
reduce bankfull discharge (Tabacchi et al. 2000).
Clearly, flow and flood pulses determine where and when material passes through the riparian
vegetation, however, flow variability also influences the effectiveness of the riparian filter.
The age of the riparian community will influence its ability to trap or filter material in both
upland and lowland reaches, and as mentioned earlier, the vegetational age structure is
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primarily regulated by disturbance. Fluvial disturbance will create ‘holes’ in the riparian
filter, thus contributing to spatial and temporal heterogeneity in the transport of material to
and from the main channel, and to and from the floodplain (Naiman and Decamps 1997).
One of the significant influences of the riparian vegetation on the river’s physical structure
and flow dynamics is the contribution of woody debris, and indeed most of the organic
material transported on flow and flood pulses is riparian in origin (Naiman and Decamps
1997). Large woody debris is often the cause of mechanical damage to riparian vegetation
rather than the actual floodwaters themselves. Large woody debris influences the structure of
the riparian community, but also plays an important role in sedimentation processes, organic
matter deposition, and the positioning of geomorphological features throughout the riverine
landscape. Woody debris accumulations contribute to the establishment of instream islands
through its effects on flow hydraulics. Woody debris accumulations increase the
heterogeneity of, and alter, the erosional and depositional hydraulics occurring through the
water column at local scales, increasing erosional power in some places, sediment deposition
in others, and thus overall physical heterogeneity (Piegay et al. 2000, Tabacchi et al. 2000). In
large gravel-bed rivers, accumulations of woody debris have been shown to be much larger on
new instream islands, thus increasing their likelihood of establishment and colonisation by
riparian vegetation (Gurnell et al. 2000). In smaller rivers, woody debris accumulations
influence patterns of scour over, under and around them, and can create up to 80% of the
pools present in a reach, thus significantly contributing to the smaller-scale pool-riffle
sequence important for maintaining physical heterogeneity and providing instream habitat
(Webb and Erskine 2003). The riffle-pool sequence also facilitates the retention of leaf litter
and finer organic material which contributes important habitat and food resources for
instream fauna (Tabacchi et al. 2000). In a paired-river study, Brooks et al. (2003) showed
how important woody debris was for maintaining the physical structure of the river channel
and floodplain as well as for providing heterogeneity. In the Cann River (Victoria) where
woody debris has been consistently removed, the river channel and banks have lost their
stability leading to channel widening and the dominance of mass failure rather than fluvial
erosion dominance.
At small local scales, sediment erosion and deposition is constrained to some degree by the
features created at larger scales, although the same fluvial processes are at play (Richards et
al. 2002). On the streambed, boulders, vegetation roots and woody debris represent roughness
elements which influence the way water moves over and around them, leading to the
development of preferential flow pathways and facilitating hydrological connectivity with the
hyporheic zone (Piegay et al. 2000, Tabacchi et al. 2000). The small-scale pulses of water, or
turbulence, leads to pulses of sediment entrainment, thus sediments are not eroded or
deposited evenly, ultimately resulting in physical heterogeneity within the channel (Steiger
and Gurnell 2002). Physical heterogeneity at the substrate surface is crucial because it
regulates the porosity of the bed and bank sediments, and therefore the hydraulic pathways
through the sediments, to influence groundwater exchange and water quality parameters
(Boulton et al. 1998, Pinay et al. 2002).
Groundwater exchange is not diffuse throughout the channel but localised at specific points
where hydraulic pathways through the hyporheic zone promote such exchange (Dahm et al.
1998, Battin 2000, Lambs 2004). The “upwelling” and “downwelling” zones where this
exchange occurs tend to correspond to geomorphological features (Pinay et al. 2002). For
example, decreasing depth at the end of a pool forces water down into the sediments,
displacing the hyporheic water which wells up into the surface water further downstream
(Valett et al. 1994, Boulton et al. 1998). Given that sediments are deposited and moved in a
heterogeneous manner, the hydraulic pathways are also patchy through space and time, and so
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is the exchange with surface waters. Upwelling zones contribute nutrient-rich water to the
main channel, strongly influencing production and the small-scale distribution of algae and
macroinvertebrates (Boulton et al. 1998). The hyporheic zone supports abundant and diverse
microbial, macroinvertebrate and algal communities, resulting in the interstitial water
becoming rich in dissolved oxygen and nutrients, and upwelling zones may represent
“hydraulic hotspots” which could potentially focus biotic activity in the surface waters and
influence stream metabolism (Boulton et al. 1998). Hyporheic storage volumes, driven by
flow pulses, can cause fluxes in concentrations of dissolved oxygen and dissolved organic
carbon, thereby driving microbial activity and energy and nutrient turnover in the hyporheos
and illustrating the influence of flow variability on stream metabolism (Mulholland et al.
1997, Battin 2000).

Flow variability
It appears flow variability is the key to maintaining the geomorphological and biological
components of riverine ecosystems, and obviously the natural flow regime of a river would
represent the optimum variability for that river’s ecosystem. However, in recommending
environmental flows where either a flow regime needs to be built (in the case of dammed
rivers) or allocation limits set (in the case of water abstraction), there will be some departure
from natural flow variability. In order to prescribe and predict impacts on flow variability, it
helps to split the flow regime into components which can be quantified and measured.
Poff et al. (1997) define the natural flow regime as the characteristic pattern of a river’s flow
which incorporates five components important for the regulation of ecological processes in
rivers:
•

the magnitude is the amount of water moving past a point per unit time,

•

the frequency refers to how often a particular magnitude recurs over a specific time
period,

•

the duration refers to the length of time a specific flow event lasts,

•

the timing or predictability refers to the regularity of a specific flow event,

•

and the rate of change or flashiness describes how quickly the magnitude alters.

These flow components vary with each other to create a range of flow events, which make up
the natural flow regime of a river and give it its variability. Given that the movement of water,
and sediments carried by water, shape the physical environment, the flow regime has a strong
organising role in riverine systems (Poff et al. 1997). A naturally variable flow regime helps
to create and maintain a naturally heterogeneous system through space and time, which in
turn supports a range of organisms, communities, and successional stages, which maintain
ecosystem function (Ward et al. 2001).
These flow components can be quantified at specific scales, which allows flow events (and
therefore the natural flow regime) to be identified at these scales, and in turn allows the
responses of the geomorphological and biological ecosystem components to be identified at
these scales. Some flow events prevail at larger scales (for example, extreme floods and
droughts), with large-scale consequences for the physical structure and biotic communities.
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Some flow events occur at smaller scales, for example within-channel flow pulses (Puckridge
et al. 1998, Tockner et al. 2000), and have correspondingly small-scale consequences. Given
these flow events vary according to scale, may overlap scales or may not necessarily occur at
all scales (and that the scale of reference is often delineated by the scientific discipline), a
logical approach is to view hydrological connectivity in a hierarchical, multiscalar system
(Walker et al. 1995, Thoms and Parsons 2002). Hierarchical classifications of river systems
have been proposed for Australian dryland rivers, and are synthesised in Table 1.

Table 1: Hypothesised multi-scale relationships between hydrological, geomorphological and ecological features in
dryland river systems (Walker et al. 1995, Puckridge et al. 1998, Thoms and Parsons 2002).
Temporal scale

Hydrology

Geomorphology

Ecology

> Centuries

Flow regime

Catchment, macroform

Ecosystems

Decades to years

Flow history

Functional process zone, mesoform

Communities

< Years

Flood pulse

River reach

Populations

Not specified

Flow hydraulics

Functional unit, microform

Individuals

According to this hierarchy, the flow regime is the long-term statistical generalisation of the
hydrograph, and acts over centuries upon whole catchments and entire ecosystems. The flow
history is the sequence of flow events preceding any point in time and acts at intermediate
scales of time and space and upon communities. The flood pulse occurs at the scale of the
river reach and acts upon populations, while flow hydraulics act at the smallest scales of time
and space and act upon individuals. This hierarchy highlights the relationships between
hydrology, geomorphology and ecology, however, the hydrological terms also vary with
scale. For example, it is not clear why the flow history should describe the sequence of flow
events at intermediate scales only, nor why flood pulses should act upon river reaches and
populations and not entire communities.
However, this should not detract from the usefulness of thinking about these systems in a
multiscalar hierarchical manner. While it is difficult to identify hierarchical elements because
of the dynamic nature of riverine ecosystems through space and time, such a classification can
be seen more as a conceptual device to assist and guide our understanding and of these
systems (Walker et al. 1995).
A similar hierarchical, multiscalar approach has been adopted here, although hydrology has
not been defined at each scale. A flow event can be defined by measuring its separate flow
components (magnitude, duration, frequency, predictability and rate of change), and then
fitting it to the relevant scale to predict the ecosystem components upon which it would have
its greatest impact (Table 2). Furthermore, identifying flow events at specific scales lends
some ability to predict where various human disturbances on the natural flow regime might
have their most significant impacts.
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Table 2: Temporal scale of hydrological events, and the geomorphological and biological features of the ecosystem
which respond at that scale. The table also includes the scale at which various anthropogenic impacts on the natural
flow regime are likely to have their most significant impact.
Temporal scale

Responding
geomorphological feature

Responding biological feature

Anthropogenic impacts on
natural flow regime

> 100 years

Catchment

Biotic ecosystem

1-100 years

Floodplains, valleys, channel
morphology

Riparian and floodplain
communities

Large instream dams

< 1 year

Instream and bankside
morphology

Instream and bankside
communities

Instream dams, flood
abstraction, farm dams,
irrigation abstraction

< 1 day

Substrate structure

Benthic and hyporheic
communities

Irrigation abstraction, stock
and domestic abstraction

Implications for environmental flows
The maintenance and preservation of biodiversity, under the objective of sustainable
development, is a primary conservation goal of governments and countries around the world.
In the same way highly diverse food webs are able to channel predator effects down many
different pathways, therefore buffering these effects (McCann 2000), ecosystems with high
biodiversity have more pathways for impacts to travel throughout the system, thus are better
able to buffer such impacts. High biodiversity therefore lends the system greater stability and
resilience to disturbance, whether natural or anthropogenic.
In riverine ecosystems, physical heterogeneity provides diversity of habitats through space
and time which allows a greater range of biota to share the same system, thereby maintaining
high biodiversity and ecosystem resilience. In these systems, physical heterogeneity is
predominantly regulated by flow variability (Tockner et al. 2000, Thoms and Parsons 2002),
therefore, maintaining natural flow variability at all scales should be the main goal of
providing environmental flows (Poff et al. 1997, Puckridge et al. 1998, Gordon et al. 2004).
Many environmental flows studies, particularly in Tasmania but elsewhere in Australia and
the world as well, have focussed on specific taxa or populations, the assumption being that
maintaining taxa and communities of high environmental “value” will maintain ecological
health. This assumes direct, linear causal relationships between the patterns of species
distribution and ecological processes. Our understanding of the links between ecological
pattern and process is limited at best; non-linear causal relationships are common and patterns
are often a product of processes occurring at multiple scales (Walker et al. 1995, Harding et
al. 1998, Bendix and Hupp 2000, Bunn and Davies 2000, Tockner et al. 2000). Furthermore,
it is still a challenge to manage for multiple specific objectives (Richards et al. 2002). It
would therefore seem reasonable to focus the goals of environmental flow studies towards
maintaining an ecosystem’s ability to function properly; biotic processes leading to
biodiversity should automatically follow (Ward et al. 1999; Ward et al. 2001). Such a focus
represents a “sustainable” approach which should help to prevent negative impacts upon a
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system, and should therefore limit the need for future restorative intervention (Richards et al.
2002).
Organising the flow variability of riverine ecosystems into a hierarchical classification
enables us to identify the range of ecological processes occurring throughout time and space,
to identify the components of the flow regime which regulate such processes, and to identify
the scale at which hydrological human-induced disturbance will have the most significant
impact. Furthermore, it potentially enables us to prescribe a level of “risk” of not providing
certain flow components, almost a certainty given the competing demands for water.
Predicting the impacts of hydrological alteration on riverine ecosystems is about determining
the risks to the system as the natural flow variability is removed and the resultant flow regime
moves further away from the natural flow regime of the system.
However, generically prescribing the risk of not providing specific flow components has it
dangers. A generic prescription of risk to be used in all catchments fails to take into account
the catchment-specific importance of particular flows, or the catchment-specific goals of
environmental flows. Defining risk here would lead to too rigid and inflexible an approach for
any one environmental flows study which has goals specific to the system under
investigation. Our aim here is to identify the range of flow components that may be present in
a system, and once the significant ecosystem values within a system have been identified,
then risk can be prescribed according to the goals of the environmental flows assessment.
The specific goals of an environmental flows assessment should dictate where the risks of
flow alteration lie. It must be remembered that small-scale alterations may have
disproportionate consequences. It is the small-scale flow variability that is important for
maintaining many biotic processes such as system productivity and respiration, processes
which ultimately determine the effectiveness of the entire system to turnover energy and
nutrients. It is also the small-scale flow variability which is most altered by small-scale
impacts such as water abstraction and small weirs, both of which are among the most
common water-use alterations implemented in Tasmanian catchments.

Conclusions
This review has attempted to show that geomorphology and riparian vegetation are intricately
linked and integral components of the riverine ecosystem. They, along with other ecosystem
components, are heavily dependent on the natural flow regime of any particular system. The
biotic communities of a riverine ecosystem have evolved to the variability inherent in the
natural flow regime, which in turn maintains the physical heterogeneity necessary for
supporting high biodiversity. Therefore, maintaining natural flow variability should maintain
ecosystem processes and functioning. Viewing the riverine ecosystem in a multiscalar
hierarchical context enables us to better identify the range of ecosystem processes, the
components of the natural flow regime which maintain those processes, and the interactions
between these components which contribute to ecosystem functioning.
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Background
In December 2003 the Water Assessment (WA) Branch of the Department of Primary
Industries, Water and Environment (the Department) commenced a project to develop a
method for recommending holistic environmental flows for Tasmanian rivers. This project
was funded for 12 months under the National Action Plan for Salinity and Water Quality
(NAPSWQ), and was focussed on the river catchments in the NAPSWQ region in Tasmania.
Environmental flows have been recommended using a variety of methods. These methods fall
into four types: hydrological, hydraulic-rating, habitat-rating and, more recently, holistic
methods (Stewardson 2004). In Tasmania, the hydrological and habitat-rating methods have
been predominantly used for assessments in over 40 catchments, and have resulted in
recommendations of minimum flows for these catchments. However, more recent studies in
Tasmania and around Australia reflect a more sophisticated understanding of how riverine
ecosystems operate and the methods used to determine environmental flow regimes have
become more holistic in their approach (Davies and Cook 2003, SKM 2003, TMEFTF 2004).
These latter studies have made recommendations that larger flush and flow events be
provided as these flow events have important ecological roles and more appropriately
represent the flow variability of a natural flow regime.
The natural flow regime can be considered to comprise a range of “flow events” which vary
in their magnitude, duration, frequency, timing and rate of change (Richter et al. 1996, Poff et
al. 1997). Examples of flow events might include cease-to-flow periods, summer low flows,
winter high flows, seasonal flushes and overbank floods to name a few and together they
contribute to the overall hydrological variability of a riverine ecosystem. The physical and
biotic character of the riverine ecosystem is driven by this variability therefore, recommended
environmental flows should aim to capture this natural variability in order to maintain the
ecological integrity of the ecosystem (Richter et al. 1997, Puckridge et al. 1998).
Recent environmental flows studies that have addressed the range of flow components in an
environmental flow regime have been conducted using a range of approaches. The
Department identified the need to develop a standardised framework for recommending
environmental flow regimes for Tasmanian rivers and intended this to be achieved under this
NAP-funded project. The Little Swanport catchment was selected as a test catchment in
which to develop a holistic flows methodology because it contains significant ecological
components such as healthy native riparian vegetation communities, variable geomorphology,
and a healthy estuary. It is the water requirements of these larger-scale components of an
ecosystem that are the focus of more holistic methodologies of determining environmental
flows. The preparation of a Water Management Plan for this catchment had also commenced
in 2003, potentially providing a means by which holistic environmental flows
recommendations could be implemented.
Under Tasmania’s Water Management Planning Process, environmental flow
recommendations are proposed as Environmental Water Requirements (EWRs). These are
formally defined within ARMCANZ–ANZECC (1996) as descriptions of the water regimes
needed to sustain ecological values of aquatic ecosystems at a low level of risk.
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Water Management Plans provide the opportunity for catchment communities and other
stakeholders to have input in how a catchment’s water resources are best managed to achieve
the community’s economic, social and environmental objectives. In this context, EWR’s are
considered during the water management planning process with other values and demands on
catchment water resources. The part of the EWRs that can be met, taking into account other
demands, are referred to as the Environmental Water Provisions (EWPs) (Read 2002); this
means that the environmental flows originally recommended are not necessarily implemented.
Soon after the project’s commencement, the Project Team conducted a “knowledge-seeking”
workshop in December 2003 to identify the reasons and mechanisms which influence the
successful implementation of environmental flows, as well as to ensure the framework
developed under this project was consistent with others being developed in temperate
mainland Australia.
This Appendix consists of two parts. The first part documents the issues covered and
discussions conducted over the two-day workshop, based on notes taken at the time.
Consequently, the structure of this first part is relatively loose and reflects the wide-ranging
conversations conducted. The Department hosted the workshop, but wishes to make it clear
that workshop discussions were conducted in an impartial manner and are represented as such
here; this document should be read as representing the principles agreed to by all participants
unless otherwise stated. The intention of the workshop was to draw on some of the best
scientific expertise and experience available and apply it to the Tasmanian context in an
independent, analytical and objective manner. The participants had expertise over the range of
disciplines related to the research, assessment and recommendation of environmental flows.
The reader must also be aware that the first part of this document reflects knowledge at the
time of the workshop, and new data, understandings and approaches have emerged since then
(for example, the audit and value-setting stage of the CFEV project has since been
completed). These more recent insights will be addressed in the second part which documents
how this workshop led to changes in the way in which the Department approaches
environmental flows assessments and water management in Tasmania. The framework
designed to assess environmental flows in Tasmania catchments is covered in the main body
of this report.
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PART 1 (Jan 2004) Workshop discussions
Introduction to Tasmanian systems
Tasmanian Hydrology – overview and discussion
The hydrology of Tasmanian catchments varies widely across the state and essentially reflects
the variation of rainfall across the state. Two region-scale classifications of Tasmanian
catchments mirror this variability accordingly (Hughes 1987, Hine and Graham 2003).
Hughes (Hughes 1987) defines four hydrological regions based on a range of hydrological
indices, varying from relatively predictable and seasonal hydrological regimes in the west, to
highly variable regimes in the east, with two groups intermediate in hydrological variability
occurring across the north of the state. Hine and Graham (Hine and Graham 2003) classified
rivers on the basis of their hydrology and selected biophysical characteristics such as
catchment area and slope; their classification resulted in three hydrological regions, one of
which combined two of Hughes regions into a single region but otherwise showed a very
similar regionalisation of Tasmanian rivers based on their hydrology.
Both these hydrological classifications were based on gauged flow data, therefore incorporate
water use at the time they were developed. Furthermore, these classifications represent
snapshots of the prevailing hydrological conditions and do not consider climate change and
rainfall decline, particularly on the east coast, nor the consequent changes in hydrological
variables and variability. Climate change has the potential to cause the hydrology of
southwestern catchments to more closely resemble those of the wet tropics on the mainland,
and to reduce rainfall and increase evaporation in eastern catchments.
At present, rainfall-runoff modelling has been conducted extensively for catchments managed
by Hydro Tasmania (namely those in the west and centre of the state), and will be conducted
for catchments in the NAP region, which are managed by the Department.

Water use in Tasmania – overview and discussion
Tasmania has 12% of Australia’s freshwater resources with only 0.9% of the land area, and
30% of that resource is used for both non-consumptive and consumptive purposes. Hydro
Tasmania is the biggest user of freshwater, followed by irrigation and aquaculture. For
example, irrigation represents 59% of the water used for consumptive purposes,
approximately 266,000 ML/year, and this equates to 36% of all water use. Around two thirds
of water used for irrigation occurs in the Derwent and South Esk/Tamar catchments, and
along the Smithton-Burnie coast.
Irrigation first began around 1860, increased around 1880, and then sharply and steadily
increased from the 1960s with the establishment of the Rivers and Water Supply
Commission. There were peaks in farm dam construction in the 1960s and 1980s
corresponding to major droughts, although storage volume is much less than water use which
suggests a substantial amount of direct take from rivers. However, these figures are rubbery –
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there has been no metering, and people’s estimation of their water use tends to depend on why
they are being asked. Irrigation water sourced from farm dams (54%) and abstraction (35%) is
concentrated along the north coast and the NAP region, and associated demand on systems is
very much tied to security of supply for irrigators. Irrigation appears to take less than 1% of
total flow, but the timing of these takes could potentially be crucial, especially considering the
irrigation season occurs over summer. These irrigation regions also tend to be in more
hydrologically variable areas which are drier over summer, so systems are likely to be under
greater irrigation demand during this season.
Stressed systems also tend to be affected by related land use impacts such as clearing,
grazing, stock access, riparian vegetation removal, fertiliser application, mining and forestry,
which may exacerbate potentially small hydrological impacts caused by irrigation abstraction.
In systems where these land use impacts are significant, any changes or benefits due to EWPs
are likely to be small. However, even small hydrological changes can lead to small changes in
bank and substrate stability, which can lead to vegetation encroachment, and then greater
hydrological change, and so on. A challenge facing researchers and managers, particularly in
Tasmania where a significant amount of water allocation is by abstraction, is to determine the
relative importance of these small hydrological changes, and the potential threshold over
which small changes cumulatively represent a large impact.
The current Tasmanian Government has introduced a number of initiatives to increase the
value of agricultural production, and it is recognised that this will increase irrigation
requirements in the future. Presently, the awareness and understanding of water use and its
ecological impacts is limited, but this is slowly changing. This is illustrated in the Little
Swanport River catchment, where aquacultural farmers in the estuary are concerned about
increasing water use in the top of the catchment and its impacts on water quantity and quality
for downstream users.

Hydroelectricity generation in Tasmania
Through its Special Water Licence, Hydro Tasmania manages catchments involved in
hydroelectricity generation and these include the Pieman-Anthony, Mersey Forth, King,
Gordon, Derwent and South Esk-Great Lake water management areas. There are 51 storages,
with over 100 referable dams, and 28 power stations. Some of these storages are run-of-river
which capture low and intermediate flows but large floods go through (eg, Trevallyn dam
spills 45% of the time). Other storages have no spills and all outtakes go through the turbines
(eg, Gordon, Great Lake); these storages are larger-scale and work on 5-10 year fill-empty
scales. In wetter periods there is a heavier dependence on run-of-river stations, but in drier
periods these stations do not have the “fuel” so there is a heavier dependence on the larger
storages, particularly the Gordon.
The natural recession curves in the Gordon River are gradual, but the power station has
greatly changed the hydrograph: there are now very steep, truncated peaks on top of the
baseload discharge, and daily data shows a lot of noise associated with power use (eg, peaks
in the morning with everyone turning on their toasters, whereas the lowest demand is at 4:00
am so this is when there is the lowest discharge). The baseload discharge has lead to the
reduction of the salt wedge extent from Macquarie Harbour. This has implications for the
management of meromictic lakes (which need the salt wedge to recharge) and management
options are currently being developed by the Hydro. There is some attenuation of
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hydropeaking at 35 kms downstream of the Gordon power station, much more so at 50 kms,
and by the time the Gordon River reaches Macquarie Harbour, approximately only 50% of the
catchment’s flows are regulated. With Basslink, the Gordon power station will be providing
peak power at premium prices to the mainland and buying baseload power. This scheme will
require the Gordon power station to increase its operation as a hydropeaking station, which
will have corresponding changes on the Gordon River’s flow regime. The Hydro has
undertaken a number of studies to determine EWRs in Basslink-affected catchments, and is
currently conducting pre-impact monitoring to assess the post-impact effects of Basslink and
its altered hydropeaking operations.
Hydro Tasmania’s environmental flows principles specify that:
•

environmental flows are allocated to achieve specific objectives or goals of high
community priority,

•

these goals are achievable by the provision of water and that more cost-effective methods
are not available,

•

the necessary prerequisites for maximising benefits are in place,

•

the provision of water does not conflict with other issues and thereby outweigh the
benefits of environmental flows,

•

monitoring progress is crucial to show benefits, and experimental and adaptive
management methodologies are employed.

Environmental flows implementation and monitoring is conducted with a minimum
imposition on the Hydro due to its responsibilities to provide power for Tasmania.
Monitoring of environmental flows is specifically for evaluation and assessment, and the
Hydro treats implemented environmental flows as hypothesis tests in an adaptive
management framework. Adaptive management is a big commitment due to the inherent
variability of natural systems, and usually occurs on short time scales. As yet, there are no
good examples of adaptive management in natural resource management, although the
environmental releases in the Colorado River (USA) have been managed adaptively, with the
choice of indicators changing after the first release.
Hydro Tasmania have also identified issues with environmental flows assessments which
need to be addressed:
•

What values are important? Hydro-managed systems tend to have more explicit targets in
this regard.

•

Habitat-based assessment is only part of the story.

•

Risk assessment is currently based on arbitrary boundaries but should move towards
ecological thresholds.

•

There is no sustainability balance between environmental, economic and social areas. It
would be good to determine and define biophysical boundaries, or environmental limits,
within which society and economics work.

•

There is a missing link between EWRs and EWPs. Where is the science, of the method
and of applying the science, in determining what is implemented? These are questions
that have been encountered elsewhere and reflect the fact that science is not very good at
selling itself and often ends up taking a precautionary approach, developing a
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compromise which does not please anyone. It reflects a knowledge vs. advocacy divide
within which scientists often find themselves.
•

Ideally, a suite of methods for addressing various issues would be desirable; eg, river
health, water quality, geomorphology, etc. It is important to ensure such a suite is not
restrictive and that a range of tools are available. There is also the potential to collapse
these tools into an overall method; a combination of “bits” runs the risk of being
gradually winnowed.

•

Water Management in Tasmania
The Water Management Planning process in Tasmania
As of December 2003, the Water Management Planning (WMP) process in Tasmania
involved identifying the relevant stakeholders of the target catchment and, in parallel with a
Scientific Technical Panel, identifying the scientific and water use values within that
catchment. These values informed the objectives of the WMP which were then refined
through community consultation and environmental flows assessments. The EWRs, along
with water licensing, allocation and security, were negotiated and finalised as water
provisions, and after public consultation the WMP was signed off by the Minister and
released. One WMP, the Great Forester WMP, has been released under this process.
Despite the WMP process incorporating values identified by the community in the initial
stages, and continued consultation with the community throughout the process, and number of
points were raised at the workshop.
•

The term “value” is highly relative, and maybe terms such as “features”, “assets” or even
“issues” may be better.

•

There is a large time lag between when community values are first identified and when
assessment is conducted.

•

While people doing the assessment have the values in the back of their head, they are not
specific, so the assessment is not fully geared to these values, ie, the link between
community values and assessment objectives is often fuzzy.

It was made clear that for the successful acceptance of EWRs, it is crucial to have thorough
consultation at the start where the community’s issues are heard and considered. For example,
the Living Murray has received some resistance because the MDBC tried to sell it as a
product at the end; the community had not seen it before and it was perceived almost as an
imposition. The community must be given ownership and be fully included from the start to
the end. This also means that implicit assumptions at the start, particularly those associated
with the translation from environmental values to environmental flows objectives, must be
made explicit. For example, people often perceive the ability to catch a fish as indication of a
healthy river; it needs to be clarified that this is an assumption and to describe the evidence
upon which it is based. Scientists should also start using data from the literature and the entire
discipline to support these assumptions. This is especially important given that science has so
often been more difficult to defend and visualise than economics (eg, the Myth of the
Murray). Ideally, available data and potential scenarios about the catchment issues should be
presented to the community for it to have a conversation with itself and determine exactly
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what its values are. This would also put scientists in a better position to translate the identified
values into specific goals and potentially assist with restoration.
However, it is important to still retain the science and be careful how much of the WMP
process is under public control; community members are most valuable in a consultative,
advisory capacity and despite a relatively sophisticated understanding of many issues, are not
scientists. Problems may also arise if the community’s goals are hijacked by a major
stakeholder. There was also acknowledgment that there should be more of a two-way
exchange and the community also have a responsibility to maintain their education and
understanding. Given a WMP has already been challenged in Tasmania (and future WMPs
are likely to come under greater legal scrutiny and accountability in the future), it is apparent
that both the science, and particularly the WMP steps and processes, need to be explicitly
formalised and have the government responsibility vs. public input boundaries clearly defined
if they are to be kept. This is about managing for the future, so needs some very careful
thought about who the stakeholders are in a catchment; they are not necessarily just the
current residents and will include the Tasmanian public as whole.

Defining Objectives of WMPs
The Department’s role is to implement the Water Management Act 1999 which has the
objective to “maintain ecological processes and genetic diversity of aquatic organisms”.
Under the Act, the Department provides an assessment of the consequences of taking water
on the quantity and quality of water for the ecosystem.
The Water for Ecosystem Policy describes the regime needed to sustain ecological values of
the system at a low level of risk, ie, the Environmental Water Requirement (EWR). The
Environmental Water Provision (EWP) is that part of the EWR that can be met after
negotiation. The policy guides the application of the risk assessment; the EWR will be
adopted as the EWP wherever possible, but the EWP can be at a moderate level of risk where
allocations exceed the EWR or by ministerial directive. Consultation (both internal and
external) between the EWR and the EWP, as well as the non-negotiable elements of the
EWR, need to be made explicit at every stage.
Presently, the Department consults the community, to determine the ecosystem values of
importance to them, at the onset of environmental flows assessments. However, the actual
objectives of the assessment generally reflect more technical goals (eg, the maintenance of
instream habitat for macroinvertebrate communities) and many community-identified values
are not addressed in detail. The Department recognises that more scientific expertise should
be engaged at the objective-setting stage to give the community the background and science
to better define their goals and values. Ideally, scientists should describe a conceptual model
which will inform the community of values within the system, and potential expectations or
scenarios of meeting, or not meeting, the identified objectives. The word “scenario” is crucial
– scenarios can be designed with a variety of consequences and there is no distinct line
between good and bad, healthy and unhealthy. Future scenarios can be derived from a
conceptual model built within the catchment context and with scientific input, and provided to
the community to give them ownership and an idea of the consequences, and also to sharpen
the link between identified values and specific goals. The Department needs to clearly explain
what will be required by the community to implement the EWRs for their identified values.
There is no point proceeding with EWR assessments until the links are made between the
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values identified by the community and the specific objectives and goals because the
assessment will depend so completely on these links. The Conservation of Freshwater
Ecosystem Values (CFEV) Project will assist in identifying significant environmental values
and management priorities.
To design effective scenarios for EWRs, the links between flow, ecological processes and
health are critical but still relatively unknown. There are two possible approaches: are the
EWRs to maintain (or aim for) ecological health and a pristine system, or are they (in
catchments with significant allocation and economic return) to sustain the current status of a
working river (eg. the Derwent River)? If the system is modified such that there is no
possibility of returning it to its natural state, then the EWR scenarios are shifted to the current
state. This “re-scaling” the axis as a deviation from natural can still indicate where natural is
and can potentially be used to guide a restoration strategy.
Shifting the EWRs like this is about defining a scale of environmental quality, including the
extremes, and defining the ecological processes associated with such a scale-shift. Care must
be taken not to confuse “natural” as a reference point with “natural” for an EWR objective,
and again, this scale of departure from natural must be explicit. The original “pristine” state
may be used to set the extremes, but the EWRs should focus on the parts that are used and
need to be looked after. This carries with it the assumption that by providing a conceptual
model and a natural reference point, the EWRs will still end up meeting some natural goals.
It must also be ensured that the scenarios developed to meet environmental objectives must
also meet the Act and be designed to maintain ecological processes and the genetic diversity
of aquatic organisms. This may be problematic due to our relative lack of knowledge when it
comes to flow and ecological health relationships, nevertheless care must be taken not to
confuse other ecosystem processes with health (eg, productivity is not necessarily equivalent
to system health and sustainability). At present we can measure and predict the hydrology
resulting from climate, geology and geomorphology, and we can measure the physical habitat
which is a potential mediator of ecological processes. We currently rely on the hydrologyhabitat link as a surrogate for ecology when we really need to develop the habitat-ecology and
hydrology-ecology links. This is particularly important given that influences of land use and
other factors can be a wild card, and again, the limitations of the scientific knowledge must be
made explicit.
It is important for scientists to maintain an independent role in their capacity as informers and
advisors and not act as representatives or advocates of any particular interest in the catchment.
This ensures they are not in the dangerous position of compromising themselves in potential
court or tribunal proceedings, can ensure they hear all the voices without bias, and ensures
their objectivity in assessment and planning processes. The Department’s role is to implement
the Act, and if scientists inform the community of the potential of the system, what it used to
be, and what it might be under future scenarios, then interested stakeholders will take on the
role of advocates.
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Conservation of Freshwater Ecosystem Values (CFEV) Project
The CFEV Project has the potential to provide an objective and transparent means of defining
environmental values which, together with community-identified values, will inform the goals
of environmental flows and water management.
Briefly, an audit of all the components of freshwater-dependent ecosystems from across the
state is being conducted, which will form map “layers” and assist in identifying areas of
significant ecological value to be used in water management and planning. Ecosystem “value”
will be determined by a combination of the naturalness, representativeness and distinctiveness
of the system, and will help define priorities for the management of these systems.
It was recognised that ecosystem components are interlinked, so separation for the purposes
of classification is largely arbitrary, as with most classification systems. There was also a
potential issue that any classification of freshwater systems is lying on a trajectory of change
and may shift, however, the classification is placed within a geomorphological context which
avoids this problem. This project was seen positively by the workshop participants and it was
noted that such a biophysical framework would allow investment to be targeted on a
“flagship” catchment and extrapolated to other catchments, thus addressing the common
matter of resource limitation. It was seen as having great value in creating risk scenarios for
water management planning, identifying the goals and objectives of EWRs, and particularly
for monitoring where reference and control systems may be more easily identified as guides
for what a system “should” be doing.
The major themes arising from discussions on water management in Tasmania were:
•

the need for assumptions to be made explicit,

•

the need for more iterative community consultation,

•

the need to sharpen the links between values and target objectives.

Addressing these issues will make both the process and the methods far more transparent and
defensible in the future.
These discussions also prompted a summary of how water management planning should
ideally proceed.
The community should be consulted to assist in developing the WMP objectives from the
onset and iteratively consulted throughout the WMP process. In order to have an informed
community, a conceptual model of how the system functions needs to be developed and
presented. Scenarios which explicitly state the goals, consequences and associated
assumptions of meeting the objectives should also be presented. (Scientists need to explain
more thoroughly the science and assumptions involved determining EWRs, explain target and
reference conditions, explain the potential of the system, and clearly describe the
consequences of accepting and rejecting scenarios. Similarly, scientists need to make it clear
that the relationships between flow, ecology and ecosystem health are not fully understood,
use the literature to support this view, and explain the EWRs are treated as a hypothesis test
and a means of progressing.) This will assist the community in having a conversation with
itself as to the values it deems most important, what consequences it is prepared to accept,
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and which objectives it will meet, and will provide ownership of the process. This step,
translating the community-identified values into specific scenarios and goals is the most
difficult step, and scientists should be present as advisors.

The scenarios are tested by the Department for their sustainability, and nonsustainable scenarios are dropped. The EWRs for the remaining scenarios are assessed
by the community (again, with scientists in an advisory capacity and also to identify
those parts of the EWRs that are (non)negotiable), and a decision is made as to which
scenario (complete with risk boundaries) will be implemented as the EWPs. The
EWPs are implemented, tested, monitored and adapted if necessary, according to the
goals explicitly stated within the accepted scenario.

Risk Assessment in Environmental Flows
The risk assessment framework used in Tasmania was developed in 1996 by Peter Davies and
Paul Humphries (Davies and Humphries 1996), prior to the rewriting of the Act in 1999 and
the introduction of a prescribed process for water management planning. It was developed for
irrigation season baseflows and underpins the assessments of environmental flows in
Tasmania. It is focussed on instream biota, and measures habitat as a surrogate for biota under
the assumption that the distribution and abundance of instream species is dependent on habitat
availability. As minimum water levels decrease, habitat availability decreases and the
corresponding effects on instream species move through bands of risk, from low, to moderate
and high. These risk bands indicate the risk of negative effects to the instream community
over the long term if such water levels are maintained. With the adoption of the National
Principles from 1996 and Water for Ecosystems Policy, the concept of “low” risk has become
ingrained, although poorly defined. Low-risk minimum flows have been used to set cease-topump rules, however these rules are still rather crude and do not account for flow variability.
The minimum flows framework has since been broadened by integrating other flow
components (flush and flood events) for other ecological components and processes (eg,
Davies and Warfe 2002).
The assessment uses a reference flow regime (usually a modelled estimation of natural flows),
and assumes geomorphology is not undergoing major changes at the reach scale. This
assumes a steady state in the river, but the reference flow can be altered to reflect a dynamic
state (eg, Davies et al. 2002, Davies and Cook 2003). The reference flow was initially the
monthly median of mean daily flows, but recent assessments have included 20th and 80th
percentile flows for dry and wet scenarios (respectively), or have used the full range of
percentile flows, or have used the current flow as a reference (eg, the Coal River).
The measurement of habitat availability identifies sensitive components such as riffles, snags,
macrophytes, and water quality in large pools, although more recent assessments have
focussed on riffle habitats which are considered to be the most hydrologically sensitive. A
hydraulic model of representative reaches is constructed which develops relationships
between depth, velocity, substrate composition and discharge. Habitat-use relationships of
instream biota are incorporated and the change or deviation in habitat available under the
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reference flow and current (recent historical) or projected (post-development) flow is
determined.
This habitat-based determination of environmental flows depends on the assumption that
habitat availability is a suitable indicator of instream species distribution. It reflects the
current level of knowledge regarding flow-habitat relationships, sufficient for such predictive
modelling, and that our knowledge of flow-ecology relationships is not yet sophisticated
enough for these purposes. Sufficient understanding of flow-ecology relationships requires
further investigative research on how flow variability affects ecological processes, and how
instream biota respond during specific events eg, after habitat “crunches” under low flows,
and during floodplain inundation in major flood events.
The risk bands were based on the amount of deviation from the reference flow and the
number of taxa dropping out as this deviation amount increased, and were developed by
Davies and Humphries (1996) after a whole lot of brainstorming and literature research. The
risk bands were based on professional judgement of what constituted a “shift” in risk, in terms
of the percentage of taxa, with a decrease in useable habitat compared with the reference
flow. Using a judged percentage reflects the uncertainty in deciding which taxa to drop when
faced with numerous species. It is this element of environmental flows assessment which has
been applied but not intellectually explored any further. As these risk values were developed
for one system with particular hydrological, geomorphological and ecological relationships,
questions are raised about their transferability. It was suggested that a duration curve of risk
could be developed, and that this would also help to determine critical rather than just
preferential habitat.
The end product is minimum flows of varying risk, which generally translates as there being a
considerable amount of water available for allocation over winter and very little over summer.
So the outstanding issues are:
•

What to use as the reference flow? Whether to use the 50th or 20th percentile flows as the
reference, or some other reference flow, and whether they should be capped. For
example, Rory McMahon (SKM) uses a Weibull distribution rather than median natural
flows, which assumes the low end is fixed or truncated. Use of the median as a reference
flow does not seem intuitive as the median describes the central tendency of hydrological
not biological data; biota are responding to the sequence of events, their timing,
magnitude and duration, basically the variability of flow rather than the monthly median.
Concerns were raised about the sensitivity of modelled to reference flows, but it was
argued that the reference flow is the benchmark of a particular stream therefore is real.

•

In the implementation of the risk assessment, the “no risk” band has been renamed the
“low risk” band, which in itself is a significant semantic change.

•

The sensitivity of streamflow gauging, particularly on low flows where even small
abstraction may not be picked up by the gauging.

•

What is the ecological risk implied by this risk assessment? Defining risk is difficult and
risky in itself because our knowledge of flow-ecology relationships is limited.

Concerns were also raised about the suitability of this approach to highly variable, sometimes
intermittent, systems where the river itself has trouble providing the minimum flows
recommended by the analysis. This implies the reference flows may not be appropriate and
that in such systems it would be necessary to look at all flow percentiles and develop the
relationship between the reference and modelled flows, and use it on a time-step management
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basis. Management should occur using a time-step analysis over the irrigation season, because
the instream biota responds to incremental rather than event-based flows, and a spell analysis
over other seasons. This would mean conducting the risk analysis for minimum flows and
overlaying the event-based flows. This is what has been occurring in recent EWR assessments
(eg, Davies and Warfe 2002).
However, it was raised that instream fauna can be just as sensitive, if not more so, to
minimum flows as they are to flood events. Low flows can exacerbate water quality problems
as well, namely salinity, to the point that it is actually the water quality that is the problem
rather than the small amount of water itself. This is an important consideration in saline areas.
Furthermore, minimum flows have different roles under different scenarios: minimum flows
under a hydropeaking regime are essentially a refuge, under other regimes they maintain
connectivity, and under others still they may be for operational purposes (eg, irrigation
releases over summer). The role of low flows in any one system will depend on the values
and environmental flows objectives within that system, and illustrates why the goals and
objectives must be explicitly stated.
Flood events have significant geomorphological and habitat redistribution effects; physical
habitat is not static so should not be assumed as such. As both low flow and high flow events
are likely to be significant and represent variability not described by the median, maybe the
best direction would be to do a risk assessment on intermediate flows, and overlay low and
high flow events. Ideally, a risk assessment for flow events should be developed, however,
our knowledge of the specific ecological role of the range of flow events remains somewhat
sketchy. A risk assessment for flow events would also help in determining operational rules
and in setting targets (eg, if a system is in high risk we can aim for intermediate or low risk).
Whichever way we decide to go, it was noted that the Department should be using a more
sophisticated set of rules than that used to date. It was also acknowledged that “risk” is
difficult to define, very subjective and difficult to communicate as a management tool. The
nexus between wanting variability for ecological health and wanting predicability for water
use is always going to be difficult to manage, which is why we should be absolutely explicit
about the science, the method, the goals, the consequences and the decisions. Risk is basically
a subjective categorisation of a continuous variable, so its use should be clearly defined and
explained to the community, possibly even modified to a decision-tree framework. Most
importantly, risk needs to be linked to ecological thresholds rather than arbitrary boundaries.
Finally, there is room for water users to accept more risk and responsibility for environmental
protection rather than relying on the environment to bear the cost (eg, comparisons with the
oil industry). There are good arguments for proportional funding for more sensitive risk
assessment and monitoring in catchments where there is high demand for water, and where
flow components have high ecological significance. Monitoring can contribute greatly to risk
assessment, and has benefits to water users as it allows different parts of the catchment to be
managed differently and adaptively, and therefore more sensitively. This can provide
flexibility in water management that is not available when a fixed EWP is used.
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Methodology – connectivity between components
The previous discussions reiterated the need, as identified by the Department at the project’s
inception, to start incorporating flow variability into environmental flows assessments and
recommendations. This section outlines discussions about what environmental flows
assessments and recommendations should ideally consider, and how the current habitatassessment method used for minimum flows might be improved.
The major area in the current assessments of environmental flows which was seen as
requiring attention was flow variability. Generally, only minimum environmental flows have
been assessed in most Tasmanian systems, and these assessments have not focussed on other
parts of the flow regime. Despite a lack of knowledge regarding flow-ecology relationships,
there is a general acceptance across the country and the world that the variability of flows is
critical for the effective functioning of freshwater systems. Incorporating such variability
forces the river to be seen in a catchment context and to start addressing the water
requirements of ecosystem components and processes which occur outside, or at a larger scale
than the main channel but are still connected to it. These components include floodplain
wetlands, riparian vegetation, and estuaries and processes such as vertebrate movement and
migration, sediment transport and benthic metabolism.
One way of considering this integration may be to determine EWRs which maintain
connectivity laterally (riverine-riparian-floodplain), longitudinally (headwater-riverineestuarine), and vertically (riverine-hyporheic-groundwater). Such an approach would
incorporate the catchment-scale necessary for EWRs, and could potentially be used as a
catchment management strategy and incorporate water quality, land use and restoration
issues. But attempting to integrate these components will be extremely challenging given the
extent of the knowledge gaps in understanding catchment influence and flow regime
relationships.
Areas that need more thought include the following:
•

•

Scaling - can we scale up from the gauging station, or from one or two “representative”
sites in the catchment? In theory, scaling should only occur up to the level of the
representative reach; the more heterogeneous the catchment, the more sites will be
required. This is particularly important given the limited resources for EWR assessment
across the state, and that minimum EWRs have been recommended for around 40
catchments, many of them based on a small number of sites. It was suggested that the best
chance of answering this question would be to focus predominantly on one catchment and
use it to test a number of hypotheses derived from current practices and assumptions. One
such hypothesis test could focus on scaling up from a few sites to the whole mainstream,
and from the mainstream to the tributaries. Tributaries represent another knowledge gap:
we do not know the impacts of abstraction on tributaries and tend to extrapolate effects
from the mainstream, and we do not fully understand mainstream-tributary connectivity
and the implications for geomorphology and ecology. Addressing the issue of scale and
spatial hierarchy will assist in determining how we use site-based information to drive a
flow regime for the whole system.
Hydrological modelling is going to be important in determining EWRs and particularly in
monitoring EWPs, and also assessing the relative impacts of dams and abstractions. But
the number of nodes in the model will always dictate its sensitivity. The TEDI model is
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so far one of the best to estimate dam impacts on streamflows and has been used in the
Little Swanport catchment in Tasmania and on the mainland, but really needs to be
developed for three-dimensional and drainage network application. We need accurate
information on all abstraction including unlicensed dams, dams enlarged during a
drought, and the amount of water used, and this is where metering is important.
•

Flood flows are really what drives channel morphology (eg, meandering and sinous
channel forms are maintained by bankfull flows every 1-2 years), and the more variable
the system, the more important the floods and the greater the time step. One-in-100-year
floods are crucial regardless of the system because they mobilise the larger sediments and
redistribute habitat. Running minimum flows only and harvesting everything else will
prevent sediment mobilisation and the channel will gradually become smaller, thus the
minimum flows will reduce. The rate of this change will depend heavily on the mobility
of materials, but it means that matching flows and habitat is circular, and that flow really
needs to be matched to the wetted perimeter. This does not mean every flood should be an
extreme event; sediment-trapping and deposition, redistributing of large woody debris
(both in the river and on the floodplain), and preventing stratification and vegetation
encroachment tend to be regulated by a range of smaller events. These events are equally
as important and illustrate why the variability of flows and flow events is crucial.
Maintaining connectivity and variability were seen as the keys to effective environmental
flows. It was suggested that photo evidence could be used to track changes in channel
morphology and geomorphic processes, and could also help in illustrating scenarios to the
community.

There were questions about how much we can rely on using EWRs developed for freshwater
to look after the estuary as well. It seems there is actually a reasonable amount of knowledge
about freshwater influences on estuaries, and estuarine processes such as managing the salt
wedge. The consensus seemed to be that the emphasis placed on the estuary, and any other
ecosystem component, will be determined by the values identified by the community and the
specific objectives derived from these values.

Monitoring Environmental Water Provisions
Gerry Quinn gave an overview of a Monitoring Environmental Flows Workshop hosted by
Monash University on 15th-16th December 2003, which was discussed in the context of
Tasmanian systems.

There are four major questions that a monitoring program should
answer:
1. Has the system changed? There are a number of considerations to take into account,
particularly that response variables are separated from unrelated temporal trends
occurring in the system. Change in the system will be difficult to determine if responses
are occurring at large scales, and if there are differences between response variables in
how long they take to respond.
2. Is the change in the target or desired direction that the EWPs were set? The EWPs can be
set for a specific target or number, but usually a desired direction is preferred as it is more
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convincing that the change is headed in the right direction. The target or desired direction
of the EWPs should be set against a reference condition if possible, whether this is a true
reference condition, or a condition defined by modelling or expert judgment. The target
or desired direction of change should also feed into the goals of the EWPs.
3. Is the change causally linked to the EWPs? Do we need to know that there is a causal link
between change and the EWPs in order to sell them, and how much of this change is due
to the EWPs? Control conditions, both temporal and spatial, are critical for determining
causality. A control can be a separate catchment which does not have EWPs (eg. the
Broken River was a control for the Campaspe River), or could potentially be upstream of
a dam (eg. the Mersey River). Either way, it is important to use a BACI design and to try
for multiple controls. Where it is not possible to get a suitable control condition, use
multiple lines of evidence and look for a consistency of association between these and the
observed changes (eg. the Great Forester River).
4. What specific flow components drive change? It is necessary to know the flow
components that are driving change so water managers can tweak them and adaptively
manage EWPs in the target or desired direction. However, they are very difficult to
develop in a flow regime monitoring program (eg. monitoring low flows), and even
harder in unregulated systems because water is not specifically allocated to flow
components.

There are three types of generic monitoring frameworks:
•

Changing release patterns downstream of dams.

•

Unregulated catchments and managing abstractions and interceptions.

•

Targeting “icon” sites (eg. the Living Murray).

In unregulated systems, the before/after design is difficult to implement, as the “after”
condition can be difficult to identify; eg. the EWPs might be gradually ramped, so when is it
“after”? Similarly, there may be no definable “before” condition for comparison in dammed
systems, in which case responses can be measured with experimental releases. There is still
the capacity for before/after designs to be used with experimental releases, although they are
easier to interpret with a control.
In both cases, small-scale response variables can be measured with the ramping up of EWPs.
While there may not be a big effect on the system as a whole, these small-scale responses can
potentially be used to extrapolate to larger scales as indicators (eg. sediment character).
Furthermore, both the choice of response variable and the rate of response can be used as
hypothesis tests for adaptive management. For example, fish were initially used as the
response variable for the EWPs in the Colorado River but were not considered a great
indicator after the first release; after the second release geomorphological indicators were
used instead. This provides an interesting example because there are no controls or reference
conditions for these releases, therefore no certainty that the changes are due to the EWPs. In
some circumstances the changes can be big enough to be reasonably sure they are due to the
EWPs, and can be compared with other lines of evidence. This example also illustrates that
the choice of response variable, or indicator, is critical.
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What response variables or indicators should be used?
This is particularly important as the stated goals of EWPs are often generic, but a response
variable should be something that has a causal link to flow. Fish may provide a reasonable
indicator as they respond to larger scale effects and their movement can potentially indicate
lateral and longitudinal connectivity. Or an indicator may be chosen if it is going to “flag” a
system response, particularly a negative response, as long as there is no loss of other
potentially responding components. Threatened species will rarely make good indicators, and
are also very unlikely to be threatened by flow alone.
Macroinvertebrates, while relatively easy to measure, may be problematic as they may not be
responding to flow in a density-dependent manner; eg. are they hiding under rocks as floods
come down, how are they responding to low flows, does this vary with season? We’re still not
sure how macroinvertebrates respond to flow, let alone to the flow regimes being
implemented. However, the purpose of the EWPs is not necessarily to impact the
macroinvertebrates, but to maintain the physical habitats and processes maintaining
macroinvertebrate populations. This is where measuring macroinvertebrate composition can
be really important, because it can indicate relative responses which are not densitydependent, particularly if a habitat that is sensitive to flow changes is targeted (eg. riffles). It
is important to remember that hydrological change can redistribute habitat but not necessarily
lose or gain habitat. If EWPs leave nothing but riffles it is an ecological response, but does it
represent a significant ecological impact/effect? Finally, we do not use any population
ecology for monitoring despite the fact that impacts on population parameters, or on specific
life cycle stages, can have very significant impacts for populations and thereby communities.
Using life history stages for monitoring can also be revealing in that some life history
components may have faster response times and be easier to monitor (eg. flowering and
seedlings rather than river red gums).
All of these questions, both for determining EWRs and monitoring EWPs, again come back to
how little we know about the relationship between ecology and discharge. Queensland differs
from other states in that they do not do biological monitoring of environmental flows, just
hydrological modelling; flow-biota causality is assessed in research investigations.
In monitoring EWPs, we are limited to a certain degree by our resources and it may be
necessary to focus resources into one system and keep a watching brief on other matched
systems. It is possible to use a sentinel site approach, choosing the site/system where there is
the biggest change implemented or where there are critical threshold habitats, so the
responses can be easily measured and causality determined. Secondly, choose a system that
has the potential to apply a good design for measuring responses. This may be difficult
politically and economically, so it may be worth choosing indicators that are related to
hydrology and/or hydraulics, especially as these variables are simple to measure.

Final points include:
•

The monitoring needs to be cost-effective.

•

Not entirely convinced that frequentist statistics are the way to go. For example, Ralph
MacNally (Monash University) assessed the amount of large woody debris on floodplains
in a BACI design and found Bayesian statistics far more effective in determining an effect
that frequentist statistics. Rather than adopting the accept/reject approach of frequentist
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statistics, the Bayesian approach attaches a lesser or greater favour to various alternatives
and may be more suitable for deciding between scenarios and determining management
situations.
•

Monitoring needs to be targeted to extract the most information. If the impact is not great
then the benefits of the EWPs are going to be difficult to identify, and if they cannot be
identified, then there is no point conducting the monitoring.

•

Monitoring must run parallel to the EWRs assessment – there is no point in setting goals
of EWRs unless they can be monitored, because you will never know if your goals have
been met. If the goals are explicit, then the monitoring is self-evident.

•

Existing data may not be particularly useful, despite the fact it can tell you something
about the system, because it has not been collected for the purpose of monitoring EWPs;
although it may potentially be used as another line of evidence. For example, the use of
AusRivAS for monitoring may reflect the great investment and expertise required for its
use in river health assessment, and should be interpreted with care.

Example: the Little Swanport River Catchment
The Little Swanport River catchment was presented as a “hypothetical” system to which the
ideas and principles discussed could be applied.
In the Little Swanport River catchment, there are different values in different parts of the
catchment. The top part of the catchment has predominantly agricultural values where water
is required for irrigation, so potential monitoring indicators might be water quality and
sediment characteristics (including deposition and turbidity), and conducting habitat mapping.
This would also give an idea of how much sediment is mobilising in the top part of the
catchment, and could be used adaptively to refine the goals. In the middle section of the
catchment which is predominantly undisturbed, the values may be “natural” values and
ecotourism potential. To monitor the maintenance of a healthy river and flag potential
problems under the EWPs, indicators might include fish populations and movement, water
quality (dissolved oxygen and temperature), and algae. This is essentially surveillance
monitoring as the river retains most of its natural flow regime, however, must be careful not
to just let the system tick away until it flips and is too late. Therefore you must be sure the
right indicators are being monitored and can flag potential problems. In the bottom part of the
catchment, the estuary, a major value is shellfish productivity (not to be confused with the
ecological health of the estuary), and the monitored indicators may therefore be shellfish size,
phytoplankton and water quality. It is important to remember the Department’s role is to
implement the Act by managing the river, the ecosystem, and all its values, and not just a
specific value. Conceptual modelling and scenario-building should assist in communicating
this role, the current level of knowledge, and potential consequences of various water
management situations to the community.
Monitoring should be set up as a hypothesis test, where the change in specific variables are
assessed hypotheses, ie. framing objectives as hypotheses which are tested by monitoring. For
example in the Little Swanport River catchment a null hypothesis might be if the difference
between sites does not change, then there is no effect of EWPs. Another question may be
asking if fish distribution (as an indicator of connectivity) is affected by abstraction.
Obviously, the monitoring design (and the indicators measured) will depend on the objectives
for a particular catchment. The use of multiple indicators is recommended to be sure that any
change in a variable is actually due to EWPs and not other factors; there needs to be a
37

correlation of impact and effect between the response variables. Running the monitoring past
other disciplines will ensure we are not just covering bugs and fish. If the indicators are
carefully chosen, there is also the opportunity to answer questions about their relationship
with each other as well as with flow. It is also worth conducting separate satellite pilot
studies, more investigative research, in parallel with the monitoring to answer some of the
other questions.

Final points
The workshop concluded with a brief summation of the issues discussed (not reiterated here)
and final points to remember from these discussions.
•

We need to be careful we do not reinvent the wheel and make sure we look at what other
states have developed and achieved (eg, sustainable diversion limits), particularly as we
are working in systems with far less water demand than on the mainland.

•

Challenges to WMPs and environmental flows assessments will only increase, so we need
to start thinking about how to deal with them, compiling evidence, and being an expert
witness. We need to remember what we do know, rely on the discipline more and
incorporate significant effects, case studies, anecdotal evidence etc. from elsewhere.

•

We need to be aware land use is especially significant, and changes in land use after
EWPs can change everything.

•

But the biggest question is developing ecology-flow relationships.
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Part 2 (Oct 2005) Implemented Changes
This knowledge-seeking workshop identified four major areas where the assessment and
implementation of environmental flows in Tasmania could be improved:
1. better consultation with the community, particularly in the area of identifying values,
2. clearer links between identified values and explicitly stated goals of environmental flows,
3. building on the minimum environmental flows assessments currently conducted in order
to incorporate flow variability, and
4. developing flow-ecology relationships.
Since this workshop was conducted there have been a number of significant changes in how
environmental flows are incorporated into WMPs and implemented in Tasmania, addressing
three of the four areas identified above.
•

Legislation has been changed and formal principles have been developed to encourage
and guide community consultation through the WMP process, and to make more explicit
the links between WMP objectives and EWPs.

•

A comprehensive tool, the CFEV database, has been developed to assist with defining
priorities and goals of environmental flows and for WMP.

Both of these areas will be covered in more detail in the remainder of this document.
Another change has been the development of a framework to appropriately address flow
variability by incorporating high flows and flood events, and this is covered in the main body
of this report.
The last area, increasing our knowledge of flow-ecology relationships, is an area that is under
focus in the entire discipline of freshwater research and is continually being addressed by
various researchers and institutions around the country.

Water Management Planning
Since this knowledge-seeking workshop was held, some of the recurrent themes during the
workshop have been incorporated into the Water Management Act 1999, and into State
Government policy. Two themes in particular were seen as crucial for the successful
implementation of environmental flows:
•

making the links between the water management objectives and implemented water
provisions, and

•

ensuring community stakeholders, including residents, businesses and stakeholders into
the future, are consulted during the development of these objectives and made aware of
the potential consequences of meeting these objectives.
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Developing clear water management objectives and community consultation are processes
that occur through the WMP process in Tasmania. Until 2004, WMPs were required to
include under Section 14(2)
a) an assessment of the quantity of water needed by the ecosystems that depend on a water
resource and the times at which, or the periods during which, those ecosystems will need
that water; and
b) an assessment of likely detrimental effects, arising from the taking or use of water from
the resource, on the quantity of water that is available to meet the needs of the ecosystems
that depend on the resource; and
c) an assessment of likely detrimental effects of the plan on the quality of water.
These requirements reflected the state government’s commitment to the COAG agreement in
1994, sustainable water allocation, and the provision of water to freshwater-dependent
ecosystems.
As a consequence of previous water management planning efforts in the state, and themes
arising from the knowledge-seeking workshop, the Department considered these assessments
to be open-ended and not linked to specific objectives. The wording reflected in the Act did
not take into account that objectives may vary from catchment to catchment as community
values vary between catchments, and that an objective for a catchment may not necessarily be
the same as an ecosystem requirement for water. Furthermore, the wording only indicated
water quantity and did not acknowledge that water required for various ecosystem needs is
not necessarily a quantity of water, but may be required in terms of its timing, duration or
frequency, in other words, its flow regime. Consequently, the Act was changed such that
under Section 14(2), a water management plan is to include,
a) a statement of the objectives of the plan, including the environmental objectives; and
b) a description of the water regime that best gives effect to the environmental objectives
and other relevant objectives of the plan; and
c) an assessment of the ability of that water regime to achieve the environmental objectives
and other relevant objectives of the plan; and
d) an assessment of the likely detrimental effects of the plan on the quality of water.
This rewording was seen as ensuring clear links between the objectives of a water
management plan and the environmental water provisions of that plan. It was also seen as
specifying the requirements of an ecosystem in terms of its water regime, that is, the pattern
of flow in a watercourse which can be described in terms of the major features of its
volumetric and temporal variation.
Over the last year, the Conservation of Freshwater Ecosystem Values (CFEV) project has
completed the audit of freshwater components across the state and has developed a
classification of freshwater ecosystems based on their representativeness, distinctiveness and
naturalness. This classification has resulted in conservation values being assigned to the range
of freshwater systems in the state, based on their constituent components, and this value
indicates the relative priority of managing different areas. This database will assist in defining
ecosystem values in a catchment and developing objectives for water management planning.
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In the preparation of more recent WMPs, the Department recognised the need to accelerate
the planning process, and that the discretionary powers provided in the Act would benefit
from some clarity and consistency in their use, particularly with regards to community
consultation. Consequently, the Department has developed policy guidance for water
management planning, Generic Principles for Water Management Planning 2005/1. These
principles provide opportunities for community input into the development, implementation
and review of WMPs and ensure the plans are more relevant to the ecosystem and the
stakeholder values in the catchment. The generic principles relevant to community
consultation and environmental water provisions are:
Generic Principle 1. The Department will commence the formal development of a new
Water Management Plan with an advertised public meeting at which input will be sought
on the appropriate process for ensuring adequate community consultation
Generic Principle 2. A Plan will apply to all water in permanent and temporary
watercourses and lakes and groundwater within the Plan area.
Generic Principle 3. Any specified review period for a Plan will be determined through
consultation with the Consultative Group during the development of a Plan. Where
feasible, triggers will be specified for initiation of a review of part or all of a Plan with the
triggers generally guided by the level of water resource development and confidence in
information underpinning the Plan, together with the need for certainty among water
users.
Generic Principle 4. The following objectives are to be the starting point for inclusion in a
Plan. These basic objectives will be modified or omitted only if it can be clearly
demonstrated that such modifications or omissions will improve the achievement of
sustainable and equitable water allocation and management. Plans may also include
specific objectives that reflect local issues and concerns.
Environmental objectives
•

Provide a flow regime to conserve important fresh water ecosystem values (normally
as identified through CFEV).

•

Provide flows to protect locally important geomorphic and ecological processes.

•

Provide healthy refuges for instream communities during periods of low flow
reflective of natural flow regimes.

CFEV will provide the baseline information for determining a Plan’s environmental
objectives.
Water usage and development objectives
•

Provide water for stock and domestic use as a high priority.

•

Formalise existing water usage as appropriate to ensure compliance with the Water
Management Act 1999.

•

Recognise historical water taking where such taking is necessary to underpin
commercial enterprises, while giving higher priority to existing legal entitlements.

•

Ensure as far as is practicable that future allocations are not detrimental to the quality
of water resources in the Plan area.
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Objectives for improving knowledge of the water resources
•

Continue to improve knowledge of the condition and state of the Plan’s water
resources and aquatic environment.

•

Continue to improve knowledge of surface water and groundwater use.

Generally, the Department’s preferred option for community consultation is to establish a
Consultative Group presenting the catchment’s various interest groups. The role of this group
is to advise the Department on local water management issues, to seek advice from their
representative organisations and to represent their economic, social and environmental
interests, and to facilitate education of, and dialogue with, respective stakeholder groups.
By developing these principles, the Department considers that the issues of community
consultation raised during the workshop have been incorporated into the water management
planning process. These principles are specifically under review so that as more experience
and knowledge arises in the development of future water management plans, they can be
adjusted accordingly.

Conclusion
The Department considers the knowledge-seeking workshop was very successful and
appreciates the input of all participants. Tasmania faces a range of issues regarding water use,
and while some of these are specific to Tasmanian systems, water managers here are
attempting to answer the same questions as water managers elsewhere. Much was learned
from mainland experiences as to how environmental flows might be successfully
implemented, and the importance of ensuring a clear line of logic between environmental
objectives and environmental flows was fully appreciated. Tasmanian water managers have
appropriately identified the key to maintaining ecological health in riverine ecosystems is the
variability of the natural flow regime. The challenge lies in maintaining this variability while
meeting environmental and water allocation objectives; this is the means by which sustainable
water allocation will be achieved.
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Introduction
DPIWE is developing a method for identifying environmental flows in catchments which
takes into account the in stream fauna, vegetation and geomorphic functioning of the river
system. Initial method development has focussed on the Little Swanport River as a test case,
as some in stream fauna, vegetation and geomorphology information is available, and there is
a hydrologic model of the catchment. This report summarises the objective and methods used
for the geomorphic investigations of the Little Swanport River and the approach to be used
for integrating this information into a holistic environmental flow regime.

Importance of geomorphology in
environmental flows
Understanding the fluvial geomorphology of a river is vital for identifying appropriate
environmental flow regimes, as hydrologic and geomorphic processes control the movement
and distribution of sediments and organic matter, which in turn impacts upon water quality, in
stream biology and vegetation, as described below:

•

•

•

Riverine water quality is dependant on the geomorphic ‘health’ of the catchment:
o

The deposition and subsequent degradation of organic matter affects
dissolved oxygen levels within slow moving reaches and/or stagnant pools;

o

Sediment bound nutrients constitute a major proportion of total nutrient
fluxes moving through systems; the erosion, deposition and storage of these
nutrients directly affects water quality;

o

Erosion of banks, beds and floodplain stripping increases downstream
turbidity levels, altering light penetration and the temperature regime of the
river;

The health of in stream fauna is dependant on the geomorphic ‘health’ of the
catchment:
o

The deposition of fine material in interstitial spaces can reduce habitat
availability for macroinvertebrates

o

The transport of organic matter through the system, related to erosion and
deposition, directly affects food availability;

o

Turbidity levels affect sight feeders;

o

Bed mobility / stability affects food and habitat availability for macro
invertebrates

The health of riparian and floodplain vegetation is dependant on the geomorphic
‘health’ of the catchment:
o

Riparian vegetation is dependant on the delivery of organic matter and
nutrients through the sediment transport processes;
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o

The deposition of sediments is required for bank building and floodplain
processes;

o

Bank erosion creates opportunities for disturbance dependant riparian
species;

o

Extended bed stability will promote noxious algal growth;

o

Colonisation of sediment deposits can lead to a reduction in channel capacity,
increasing the impacts of flooding on the floodplain.

Understanding the geomorphology of a river is especially important when developing
environmental flows for highly modified or degraded cathcments, where the natural
functioning of components within the river have been altered. In this scenario, it is necessary
to identify how catchment modifications have affected the geomorphic functioning of the
river, and what additional impacts the implementation of an environmental flow regime may
have on the system. For example, implementing increased minimum flows or flushing flows
relative to the present flow as part of an environmental flow regime can lead to additional
riverine impacts, such as increased erosion. Ideally, these impacts are recognised and
addressed through catchment remediation activities. Table 1 summarises hydrologic and
geomorphic impacts associated with catchment disturbance which need to be considered
when developing an environmental flow regime.

Technical Advice on Water

47

Natural trend of decrease in
large flood events

Channel modifications
(straightening, excavation)

Water extraction and storage

Clearing of riparian vegetation

-Lower annual flows
-Smaller proportion of flows occurring
as flood events

-Decrease frequency of small floods
-Alter timing of small floods (first floods
captured in dams)
-Decrease / eliminate flows during dry
periods
-Increased flow velocities due to
decrease in channel roughness

-Increased volume and rate of run off
delivered to channel during flood
events;
-Higher flow velocities due to
decreased roughness of channel

-Increased flood plain stripping during
large floods due to channel contraction

-Increase gully erosion associated with
initiation of knick points

-Reduced flooding frequency
-Increased flood plain stripping during
large floods due to channel contraction

-Allows water to exit flood plain and
return to river channel more rapidly;
-Increases flood plain erosion

Table 1. Summary of hydrologic and geomorphic changes associated with catchment alterations.
Catchment alteration
Impact on Hydrology of River
Impact on Floodplain
-Increase volume and rate of run off
-Increase flood plain erosion (stripping)
delivered to channel during flood
due to higher water velocities during
events;
floods;
-Decrease inflows to river following
-Less deposition during floods due to
Clearing of flood plains
large floods and following wet winters
higher water velocities
leading to lower perennial flows
-Decrease input of LWD to floodplain
and channel
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-Increased susceptibility to scour and
undercutting due to reduced
roughness;
-Initiation of knick-points which
propogate upstream
-Channel and side channel contraction
due to decreased high flow events and
less movement of sediment

Impact on River Channel
-Increased risk of bank erosion or bed
incision due to higher inflows
-Shorter flood events can lead to
channel contraction due to
colonisation;
-Increased sediment delivery from
floodplains
-Decrease input of LWD
-Increased susceptibility to scour and
undercutting due to decreased
roughness of banks;
-Higher temperatures due to
decreased shading lead to desiccation
of banks and subaerial erosion of bank
and increases susceptibility to erosion
during flood events
-Decrease input of LWD
-Channel narrowing and side channel
narrowing is promoted due to
decreased high flow events;
-Decrease in sediment movement;
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Objective/approach
The objective of the geomorphic investigations has been to understand how the present
geomorphic processes operating in the river relate to the present hydrology of the catchment,
recognizing the land uses in the catchment and flow alterations which have historically
occurred. In order to achieve this level of understanding, the fluvial geomorphology of the
river must be recognized at a variety of spatial and temporal scales. Catchment changes
through geologic time, since human intervention and current trends need to be identified and
understood so the present geomorphic functioning of the catchment can be put in an
appropriate framework. Spatially, longitudinal and cross-sectional characteristics and
relationships need to be understood at the scale of metres, reaches, ‘zones’ and over the length
of the catchment. Of particular importance is the identification of the sources and sinks of
sediment within the catchment, and understanding how this has changed through time.
In the Little Swanport investigations there has been an emphasis on the function of relatively
low flows (base flows, freshes, 1:1 year events) on the fluvial geomorphology of the Little
Swanport as these are the flows most likely to be altered by abstraction or through water
diversions into the catchment, and they are also the flows which can be incorporated into an
environmental flow regime. Very large flow events are unlikely to be significantly altered as
the present and projected storage capacity of the dams in the catchment are small compared to
the total annual flow.
The approach adopted for the geomorphic investigations involved obtaining as much
hydrologic and geomorphic background information as possible for the catchment for the
timescales previously listed. This information was combined to develop a broad conceptual
model of how the hydrology and geomorphology are presently related in the catchment.
Following this, sites were chosen for surveying and mapping which provided information
about the small scale processes occurring in the catchment. Finally, this detailed
understanding of the river at the reach scale was combined with hydrologic modelling to link
geomorphic processes to specific flow levels.
The following sections describe methods used in the Little Swanport to obtain the background
information for the development of the conceptual model, and field methods used to
understand the processes presently operating in the catchment at a small scale.

Large scale catchment characteristics
The first step in developing a conceptual model is an understanding of the large scale
characteristics of the catchment, such as area, relief, geologic units, length of channel, slope
of channel, large scale sources and sinks of sediments within the catchment, and basic water
quality characteristics (ie, organic-rich waters, carbonate rich waters, level of turbidity, etc).
At the same time, a broad understanding of the hydrology is required, including the weather
patterns that dominate the catchment, prevailing winds, seasonality of rain and flow (sporadic,
seasonal, constant, etc), magnitude of flow through the catchment, identification of the
important tributaries and the timing of flows in these rivers as compared to the mainstem.
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Available resources for obtaining this level of information include geologic maps,
topographic maps, weather bureau maps and long-term weather information and statistics,
river characterization reports (eg, River styles), Landcare, Bushcare, Rivercare reports, tidal
information, Forestry reports on geomorphic values, water management plans, and Protected
Environmental Values reports. A newly developed and potentially very valuable resource for
understanding catchment attributes is the CFEV (Conservation of Freshwater Environmental
Values) data base, which consists of GIS layers containing much of the information described
above.
If the available information is limited, some basic investigations need to be completed which
provide these broad characteristics of the catchment geology, geomorphology and hydrology.

Scale of human intervention
In Tasmania, most river catchments have been altered over time scales of decades to 1-2
centuries. The Little Swanport was one of the first catchments to be occupied by Europeans
in the early 1800s, and therefore has a relatively long history of intervention (at least by
Australian standards). The conceptual model must include the types, scale and age of
interventions.
Important catchment changes include clearing for agriculture, forestry, mining, changes to
hydrology for farming, flood mitigation, or industrial development (mining, milling). How
and when these changes came about is also important to understand, as is the distribution and
relative timing of changes through the catchment (ie, did clearing first occur upstream or
downstream, over what period was it accomplished). Of particular importance is establishing
when changes to river channels and riparian vegetation occurred, and what has been the
response of the river since intervention. The timing and impact of channel straightening, river
diversions, stock access to the river, the placement of instream weirs or dams need to be
understood to correctly interpret the present geomorphic processes in the catchment.
Additionally, understanding the types of disturbances that have occurred in the catchment and
how the river has responded will aid in the prediction of future river responses to flow
modifications.
Resources available for determining changes on the decade to century time scale and the types
of information which can be gained include:
•

long-term hydrologic records – rainfall trends, and changes to seasonality of flow due
to interventions, flood history (magnitude, frequency, duration, seasonality)

•

aerial photos – changes to land use, clearing history, changes to river channel (width,
straightening, levees), installation of bridges, weirs, deposition in pools, estuaries, etc

•

historic maps - land use, clearing history, installation of bridges, weirs, etc ,

•

parish plans – channel widths, nature of channel, types of vegetation (including
riparian), history of grazing;

•

oral histories – historic flood levels, duration of flooding, frequency of flooding,
changes to weather patterns (ideally these are collaborated with historic flow records),
changes to the sediment load in the river;
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Recent trends and values
Finally, the conceptual model must incorporate recent changes or trends which affect the
hydrology and geomorphology of the river. These include decadenal rainfall patterns and
trends (droughts, wet periods, El Niños), present extractions from the river, how stored and
when used, what crops are presently irrigated, and when is this irrigation required. Also
important to understand is how water is managed within the catchment; who has the rights to
extract and use water, who administers water management, and is there a catchment group
which can provide additional information about the river if/when required.
Environmental values of the catchment, such as Protected Environmental Values for water
quality, geomorphic / geological heritage sites, RAMSAR wetlands, presence of endangered
species, fish spawning areas, and recreational uses also need to be identified. Water license
information, oral histories, the DPIWE GT-Spot and geoheritage database, CFEV and
community groups, and newspaper archives can be useful resources for obtaining this scale of
information.

Development of conceptual model
Once available background information has been collected and a reconnaissance trip to the
river has been completed, a conceptual model of the river can be developed which
incorporates the large scale hydrologic and geomorphic attributes of the catchment in both a
longitudinal and cross-sectional framework. The conceptual model also provides a basis for
beginning to integrate vegetation and in stream biological information, as characteristics
important for each discipline are identified.
The following dot points and diagrams summarise a simple conceptual model developed for
the Little Swanport catchment, predominantly based on existing information in SKM (2004),
DPIWE (2004), and CFEV (2004) and used for the development of a water management plan
for the catchment.

Hydrology
•

the Little Swanport is located in central eastern Tasmania and has a catchment of
approximately 600 km2;

•

the catchment lies in a rain shadow from the prevailing westerly rains of southern
Tasmania and flows in an easterly direction into the Little Swanport Estuary;

•

the river is characterised by highly variable rainfall patterns, with small changes in
seasonal base flow, accentuated with short intense storm events;

•

storm events can occur at any time of year, but are more common during the summer
periods when easterly weather patterns can result in several days of extreme rainfall
on the east coast of Tasmania;

•

modelling by SKM has suggested the river is historically ephemeral during dry
summer periods, but now has a continuous summer flow due to irrigation losses from
the Prosser catchment. Surveyor’s notes on parish plans from the 1800s refer to the
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river as a permanent water source, but it is unknown whether this refers to pools
which remain throughout the summer, or permanently flowing water;
•

the river has a mean annual flow of 79,710 ML/yr (upstream flow gauge 2270), with
present extraction entitlements totalling 3,882 ML/yr. Most of this extraction (3,158
ML/yr) is associated with Hobbs lagoon, and is actually extracted from the Prosser
River, however, because the water is used in a tributary of the Little Swanport
(Nutting Garden Rivulet and Pages Creek) it is included here;

Geology and geomorphology
•

the Little Swanport rises in dolerite hills at approx 800 m above sea level. The
catchment consists of steep valley controlled dolerite sections with two major
floodplains present at 250 m (Stonehenge floodplain) and 150 m (Swanston
floodplain);

•

geologically, the Little Swanport catchment encompasses predominantly Jurassic
dolerite, with Triassic mudstone and sandstone present in the southwestern portion of
the catchment, and in the Swanston area. Quaternary deposits are present on the
floodplains;

•

generally, the western (upper) half of the catchment has low relief, with the lower
catchment characterised by higher relief and steep bedrock controlled gorges;

•

The CFEV’s project has identified 4 geomorphic sub-regions in the Little Swanport
including:

•

o

Southern midlands foothills and valleys in the northern headwaters
characterised by gentle slopes with low to moderate relief, with broader
basins developed on sedimentary rocks and surrounded by steeper dolerite
topography;

o

Inland slopes for the remaining catchment upstream of Green Tier Creek
characterised by broad rolling hills and moderate to steep valleys developed
predominately on dolerite and Permian and Triassic sediments;

o

Steep dissected eastern escarpment between Green Tier Creek and the slope
break upstream of the estuary characterised by steep, high relief gorges
resulting from headward incision of rivers into the uplifted Eastern
mountains;

o

Eastern dolerite rolling hills surrounding the estuary characterised by broad,
gently rolling hills dissected by steep valleys which flank the steep
escarpment of the Eastern Tiers

There are at least two important sources of sediment to the present river:
o

Fine-grained material derived from the erosion of dolerite soils
predominantly from cleared areas in the upper catchment; and,

o

Colluvial dolerite cobbles and boulders derived from the steep confined
reaches of the river;

•

The Little Swanport River is undersized for its present valley, which is believed to
have been formed during wetter glacial periods;

•

Sedimentary deposits comprised of large boulders reflecting this higher energy glacial
and periglacial environment are present in the over sized river valley,

•

Based on the hydrology, major sediment transporting events are limited to the
infrequent very large storm events.
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Alterations and recent trends
•

The upper catchment has been extensively cleared for agriculture, with clearing
beginning in the early 1800s while the steep lower catchment is largely unaltered;

•

Aerial photos show there have been alterations to the river channel in the Stonehenge
and Swanston floodplain, with little change to the channel in the steep section
downstream of the Swanston floodplain;

•

Current land use includes grazing, forestry and cropping;

•

Water is currently extracted from the Little Swanport upstream of Nutting Garden
Rivulet (115 ML/yr), Nutting Garden Rivulet (35 ML/yr), Eastern Marshes Rivulet
(193 ML/yr), Little Swanport between Eastern Marshes and Green Tier Creek (63.5
ML/yr), Green Tier Creek (153 ML/yr) and in the lower catchment below Green Tier
and the mouth of the river (18 ML/yr). There is an application pending to implement
an instream dam immediately upstream of the Stonehenge floodplain.

•

Due to water diversion from the Prosser River, there is a continual summer flow in
the Little Swanport.

The following diagrams summarise some of this basic information.

Colluvial sediment
input in confined
Episodic high rainfall
Channel
sections
events
modification in
Cleared upper
floodplains
catchment – fine- extractions
sediment source
zone, poor riparian
zone
Flow diversion from

Colluvial sediment
input in confined
sections

Prosser into LSP
extractions
-Catchment predominantly dolerite with
sandstones and mudstones
-River had higher flows in geologic past
associated with glacial events
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Colluvial sediment
input

Episodic large events
enter flood plain

Riparian veg present

Present active
channel

-Oversized valley from higher
energy glacial time
-Present river re-working valley
fill

Steep valley confined reach

Little riparian vegetation

Stock access to river

Fine-grain sediment input
from bank scour
-Channel course locally altered
since settlement
Floodplain highly modified since
Floodplain
settlement

Episodic large events
enter flood plain
Present active
channel

reach

Figure 1. Idealised longitudinal section and cross sections from the Little Swanport River
showing general geomorphic and hydrologic characteristics.
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Field investigations
Selection of sites
Within the framework of the conceptual model and taking into consideration identified
values, reaches within the Little Swanport catchment were identified for detailed longitudinal
and cross-sectional mapping. The aim of the mapping was to link the hydrology of the
catchment with the small to medium scale characteristics of the channel and floodplain, such
that specific flow components could be linked to geomorphic processes. The areas selected
for mapping were representative of their geomorphic zones and/or demonstrated important
values of the system. Consideration was also given as to the past and present flow and land
use changes of the reach.
In the Little Swanport, three areas were selected for detailed mapping (location of sites shown
on maps in main report). These included:

•

Reach 1: Upstream of the Stonehenge floodplain. This reach is representative of the
large cleared upper catchment and is already affected by upstream water extractions
and channel modification. The reach will also be affected by additional flow
regulation if a proposed dam immediately upstream of the reach is approved and
implemented;

Photo 1. Reach 1 - upstream Stonehenge floodplain. Highly modified through flow extractions
and channel modifications.

•

Reach 2: Downstream of the Stonehenge floodplain. This reach is the first reach to
have significant amounts of riparian vegetation and is not directly affected by grazing.
This area is affected by present extractions from the system, and will be further
impacted if proposed water development proceeds upstream. It is representative of
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the most upstream area of the river that can be considered to retain natural values, so
understanding the geomorphic processes will allow identification of a flow regime
that will maintain its functionality. It also provides insights into how the upper
(cleared) catchment probably behaved prior to clearing, and can be used to guide
rehabilitation / restoration works upstream;

Photo 2. Reach 2 - Downstream Stonehenge floodplain.

•

Reach 3: Steep confined valley reach downstream of Swanston floodplain. This is
the first reach downstream of the majority of water extractions and also below the
point where excess irrigation water from the Prosser River enters the Little Swanport
via Hobbs lagoon. It is representative of the largely undisturbed catchment
downstream of Green Tier Creek, but is most affected by flow alterations. The river
is also much larger here than at the upstream sites, so detailed mapping provides
information about how the scale of processes change as the river and catchment get
larger.

Technical Advice on Water

56

Little Swanport – Geomorphic investigations

Photo 3. Reach 3 – confined valley reach downstream of Swanston floodplain.

Within each of these reaches, 4 – 6 cross sections were chosen which encompassed the range
of fluvial habitats present (pool, run, riffle).

Mapping of channel and floodplain characteristics
Once cross-sections were chosen within each selected reach, a general description of the
valley and river channel in the area was made. Longitudinal surveying and mapping of the
channel at least 50 m upstream and downstream of the section was completed to provide
information about the scales over which processes and disturbances occur and to provide a
context for the cross sectional information. This longitudinal information was mapped onto
the surveyed long-section. The following attributes were included:

•

Width of channel and how it changes longitudinally

•

Height of bank to ‘channel full’ – this is a subjective level in the Little Swanport as
there are channels on several scales. The channel was defined as the nearest banks
showing signs of recent hydrologic activity. This relatively small channel was also
chosen for mapping because it is the area most likely to be affected by flow
extractions and irrigation releases. Cross sectional surveying provided a context for
this small channel within the larger system;

•

Slope of bank- from base of bank to top of bank

•

Bank materials (size, nature, uniformity)

•

Bank characteristics - signs of scour, deposition, vegetated, large woody debris
(LWD)

•

Bank stability mechanisms: vegetation, buttressing, LWD

•

Scale and nature of disturbance - flood debris in trees, undercutting, overbank
deposits

In the field, these attributes were integrated with observations about the vegetation, for
example, how and where vegetation provided stability, what species were present in the
channel margin and on the bank and what did the vegetation indicate about stability and

Technical Advice on Water

57

Little Swanport – Geomorphic investigations

patterns of inundation. Examples of these longitudinal maps are contained in the principle
report.
As part of each surveyed cross-section, geomorphic characteristics and features were mapped
onto the cross-section, including:

•

Valley materials, characteristics and relationship of valley to channel

•

Potential for colluvial material to enter channel from valley walls

•

Extent of over bank deposits

•

Nature of overbank deposits – materials, sizes, relationship to vegetation

•

Back channels and relationship to main channel

•

Flood debris – type and approximate height

•

Stability of flood plain and overbank deposits- mobile, vegetated, lichen covered

•

Evidence of recent / historic disturbances

•

Evidence of recent fluvial activity

•

Shape of channel

•

Size distribution of bed material (described in next section)

An example of this cross-sectional mapping is shown in Figure 3.

Size distribution of bed material
In addition to the mapping of flood plain and channel attributes, pebble counts of bed
materials were completed. Pebble counts consist of measuring the b-axis length of bed
materials in the active channel. This information can be used to estimate the river stage
height required to mobilise various sized bed materials, and serve as a cross-check for
hydrologic modelling. Ideally, a minimum of 100 ‘particles’ are randomly chosen from the
active river channel and measured.
In the Little Swanport, the channel was very narrow at most cross-sections, so a minimum of
50 measurements were made at each site. Additionally, because the emphasis of the
investigations was on establishing geomorphic processes associated with relatively small flow
events, the active channel was considered to be the same channel as defined for the bank full
measurement, that is, the channel showing recent hydrologic activity. Figure 4 shows results
from pebble counts from a riffle and pool at Site 1 and Site 2. The pebble counts reflect
hydrologic differences between envrionemtns in the same reach (pool vs riffle) and shows
downstream changes (Site 1 and Site 2) in similar environments.
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Figure 2. Pebble count histograms from Little Swanport showing size distribution of material in
active river channel.
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35
40
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Figure 3. Mapped cross section at Site 2, transect 4. View is downstream. Note vertical exaggeration.
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Data analysis
Estimates of shear stress and sediment entrainment
One of the goals of an environmental flow regime is to maintain flows that can move sand
and gravels in the river bed at a high enough frequency to maintain water quality and
biological habitat, as fine organic and inorganic material is flushed from the bed when it is
mobilised. There are a number of methods for determining the flow required to mobilise
gravels in the bed, including direct measurement, modelling of sediment entrainment based
on channel morphology and sediment characteristics, and the use of Hjulstrom diagrams.
The direct measurement of bedload transport in a river is the best method for documenting the
conditions under which various sized material is mobilised in the bed. However, this
approach necessitates being present at the time of specific flow events. This is a costly and
time consuming approach, as it can take years to accumulate the required range of flow
conditions.
The second approach, calculating sediment entrainment conditions is an imperfect approach
because sediment transport equations are typically based on idealised flow conditions. The
results of sediment transport equations frequently differ considerably depending on the
equations used, and frequently do not have good agreement with field based measurement.
For these reasons, the use of equations should be viewed as estimates only, and should be
complimented by other approaches.
A simple approach for calculating sediment entrainment conditions is to use the survey
information from the longitudinal and cross sectional mapping, and obtain estimates of the
shear stress produced by various flow levels using DuBoys equation.

τ0 = ρgRS, where
τ0 = shear stress
ρ = density of water
R = hydraulic radius of the channel = the cross sectional area / perimeter length
S = water surface slope
Using the pebble count results, estimates of the shear stress required to move a particular size
class can be obtained using Shields criterion or Komar’s selective entrainment function.
These results can then be compared to the shear stress generated by various flows in the
channel, as estimated by DuBoys.
Shields:
τcr = 0.045 (ρs - ρ) g Di
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Komar’s:
τcr = 0.045 (ρs - ρ) g D500.6 Di0.4, where
τcr = shear stress required to move material of size Di
ρs = density of sediment
ρ = density of water
D50 = median particle size from pebble count (in m)
Di = size of material of interest (in m)
It should be noted that sediment entrainment and sediment transport equations are generally
based on uniform flow conditions, and are notoriously difficult to apply to real life situations.
For this reason, this approach should be used in conjunction with field measurements of flow
and sediment movement (where possible), and hydraulic modelling.
A third estimate of the potential for sediment transport is the use of the Hjulstrom diagram, as
shown in Figure 4, which indicates at what flow erosion or deposition of various sized
materials occurs. Again, this diagram is base on uniform flow in a shallow flume, and should
be used as a guide only.

Figure 4. Hjulstrom diagram for use in estimating flows required for sediment transport and
deposition.

The diagram shows that 10 mm gravel requires a flow of almost 100 cm/s to be mobilised. It
also shows that very fine-grained material requires a relatively high flow velocity to initiate
erosion, but once suspended, will not be deposited until flow velocities are well below 1 cm/s.
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Integration of geomorphic results in conceptual model
Once an understanding of the flow rates required to transport various sized sediment through
the system has been gained, historic (or modelled) hydrologic data can be used to identify the
annual frequency and timing of such events. This information can then be incorporated into
the geomorphic conceptual model, providing more detailed information about sediment
transport in the catchment.
Following the development of the conceptual model incorporating geomorphic features and
basic sediment transport characteristics of the catchment (areas of supply, indicative rates and
timing of transport, areas of deposition), the results can then be integrated with vegetation and
in stream biological results to identify how various flow levels or components of flow relate
to each of the disciplines. The integration of results from the various disciplines is discussed
in the main report.

Technical Advice on Water

63

Appendix D.
An approach for incorporating the flow
requirements for riparian vegetation into
environmental flow regimes.
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Introduction
The Water Management Branch of DPIWE is attempting to develop a widely applicable
method for identifying environmental flows in rivers that takes into account the in stream
fauna; in stream, riparian and floodplain vegetation and geomorphic functioning of the river
system. The method is being developed using the Little Swanport River as a test case for
which there is catchment wide hydrologic data available. This report summarises the
objective and methods used for the vegetation investigations of the Little Swanport River and
the integration of this information into a proposed environmental flow regime.

Objective/approach
The objective of the vegetation assessment has been to understand how the present
distribution and types of vegetation relate to the flood and flow characteristics of the Little
Swanport River and to the interdependent geomorphic characteristics of the river bed, its
channel margins, banks and floodplains.
Flood and flow characteristics have changed with climatic characteristics as well as more
recently under the influence of human interference. The time scales of change and stability
may be differentially evident when looking at the geomorphic responses to flow compared to
the present vegetation. So, the relationship between the flow regime, erosion and sediment
regimes and vegetation may in some situations be in disequilibrium and in others in
equilibrium.
In the Little Swanport very large flow events are unlikely to be significantly altered. As such
the focus of this assessment is the impact of abstraction on base flows and flush flows and the
habitat characteristics presented by those flows.
The status of the relationships between the flow (and sediment patterns) and the vegetation
will need to be investigated at a number of scales. This will be done through:
1. cross-sectional transects that include the stream bed, its margins, banks and flood
plain vegetation (this report).
2. (and separately) longitudinal mapping of vegetation in the stream and along its
margins and banks.
Sediment characteristics derived from the same cross sectional transects characterise the
modern substrate of the vegetation. The sediment characteristics (vegetation habitat) have in
turn be related to the flow regimes and stream cross sections and slope (Koehnken 2004).
The flood and flow frequency and predicted sediment characteristics will be used to describe
the disturbance regime as it may relate to current and future patterns of vegetation.

Catchment Vegetation
The vegetation of the greater catchment is characterised by dry sclerophyll vegetation. The
predominant types include Black and White peppermint forests and woodlands on dry dolerite
soils, Black Peppermint on sandstone and Silver Peppermint on mudstone. White gum and
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Blue gum forests are present on more fertile soils on the slopes of narrow valleys where they
have not been cleared.
There are relatively minor occurrences of a range of non forest vegetation types including
native grasslands but these are derived from clearing of trees. Introduced pastures represent a
high proportion of the valley vegetation in the upper catchment and significant areas of gorse
are associated with it and the river. Figure 1 illustrates the catchment vegetation as broad
categories.

No riparian vegetation has been mapped in the catchment in the Tasmanian governments
Tasveg mapping program. Distinct riparian vegetation is however a strong characteristic of
the banks of the Little Swanport River where native vegetation remains. There are also small
pockets of flood plain vegetation remnants in narrow valleys. Wintle (2002) described the
riparian vegetation from samples surveyed in the Little Swanport catchment but these were
limited to only two samples in or near our survey sites. The descriptions do however agree
with the most common riparian scrub present at our survey sites. Wintle also described what
she called scour assemblages that were associated with the disturbance of sediments by
floods. She described four assemblages that supported different suits of regenerating species.
These were different from and more diverse than assemblages on depositional areas. She also
contrasted the scour assemblages with the “undisturbed” riparian vegetation and concluded
that certain species rely on scour to persist within the riparian vegetation.

Vegetation change
The most overwhelming change from the natural vegetation along the Little Swanport River
is its clearance from the alluvial soils on the larger flood plains and adjacent low hills. Here it
has been replaced by introduced pasture that is intensively grazed and fertilised.
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The main impacts of clearance (other than the loss of vegetation) are the loss of the riparian
“filter strip” and the loss of the canopy from over the stream. The loss of the riparian
vegetation and the intensive grazing has resulted in an increase in erosion of sediments and
soils. The products of erosion enter the river. The removal of the canopy from over the
stream has probably increased insolation entering the stream; possibly increasing the water
temperature and enhancing nutrification. Nutrification is promoted by fertiliser runoff and the
waste products of animals. The submerged aquatic vegetation may be challenged by a high
load of algae covering the photosynthetic surface and this may be exacerbated if periods of
low flow are extended.
The impact of water abstraction on vegetation is not clear. Our flow investigations focus on
relatively low flows (base flows, freshes, 1:1 year events) as these are the flows most altered
by abstraction or through water diversions into the catchment. However, the erosion by flood
flows of the cleared flood plains and river banks may also influence the sediment
characteristics of the vegetated habitat during low flows.
Although the flood flows are least altered the response of the native riparian and floodplain
vegetation to floods has to compete with invasive weeds that take advantage of the same
disturbance in response to flood.
So, the impact of abstraction on native vegetation in agricultural environments may well be
masked or complicated by vegetation history and the consequences of increased insolation,
nutrification, erosion and the presence of weeds.

Method
Field assessment
The collection of floristic data was undertaken at a scale aimed at corresponding with
meaningful differences in sediment/ flow induced environments. On observation the
vegetation structure does appear to generally mirror these environments.
After significant field reconnaissance to familiarise ourselves with the catchments vegetation
characteristics, three sites were selected for investigation.
•

Site 1. Is the highest upstream site. It is a stream passing through cleared land that is
surrounded by introduced pasture. (Stream, flow and abstraction characteristics
described by Warfe and Koehnken). The site has a cleared flood plain on one side
and a low hill on the other. The stream is not protected from stock and they graze the
vegetation on the aquatic margins of the stream. Gorse is wide spread and abundant.
Gorse is controlled by occasionally pushing it into piles when the ground requires
ploughing. The land is ploughed to within metres of the stream bank. The stream
bank is not in equilibrium with the land management and flow regime, evident from
continuous sections of collapse and prograding local sediments.

•

Site 2. Is located down stream of site 1. It is characterised by native vegetation with a
riparian strip, a narrow flood plain and native adjacent terrestrial vegetation. It is in a
narrow valley. The study area is fenced from stock, however, the stock graze
adjacent native pasture and grassy forest. The site is in a large remnant of native
vegetation but it is cleared both upstream (1 km) and downstream. (Stream, flow and
abstraction characteristics described by Warfe and Koehnken).

•

Site 3. This is the farthest down stream. The vegetation is native with no obvious
evidence of stock. The study area is fenced and the adjacent grassy forest appears to
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be only lightly grazed. The valley is much deeper than the previous sites and the flow
much stronger. (Stream, flow and abstraction characteristics described by Warfe and
Koehnken).
The physical characteristics of the stream at Sites 1-3 are quite different from each other. The
sediment environments are also different and the flow regimes while varying in unison are of
different magnitudes.
Cross sectional transects were located across two pools, two riffles and two runs at each of
the three sites. The transects measured 50 m in length. The transects were levelled and tied
into the stream bed and a remote datum. Cross sectional diagrams are presented by (Warfe
2005).
The transects were floristically described in sections corresponding with the apparent
sediment/flow environment.. Each section varied in length depending on the sediment and
structural vegetation characteristics of each transect.
The sections are described as:
1. in stream
2. stream margin
3. stream bank
4. flood channel
5. flood plain
6. terrestrial
Floristic data were collected from 5 m either side of the transect for the entire length of each
section on each side of the stream. Each section is described as a plot and has a unique
descriptor. The descriptor includes site number, transect number, section number and stream
code (P-pool, R-riffle, Rn-run). So each transect has 2 banks and margins and may have more
than 1 channel and flood plain plot. A descriptor example is thus structure 123P (Site 1
transect 2, stream bank at a Pool).
The floristic data included species name and percentage cover in Braun Blanquette cover
classes. <1%, 1-5%, 5-25%, 25-50%, 50-75%, >75%. These species data were used to
develop descriptions of all of the vegetation types.

Analysis
The species and cover class data were entered into a matrix of plot by species (each plot was
identified by descriptor of site, transect, section and stream code as described above). These
data were ordinated using DCA.
Sediment data were collected from the same sections along each transect as the vegetation
data. These data are described by Koehnken (2005).
The estimated flow volumes required to flood each point along the transect were calculated
by Warfe (2005).
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These data were used as environmental values and correlated with the vegetation data using
canonical correlations analysis (ter Braak 1986). Interpretation of the output is described in
the results section.
Longitudinal transects were centred in the stream at the cross sections. These ran for at
least 50 m up and down stream and some for 100’s of metres between cross sectional transect.
The transect were levelled along the stream bed and tied into a remote datum.
The transects were described at the scale of habitat variation, this varied between 1 and 20 m.
The habitats included riffles, pools and runs with the bed characterised by sediments eg
gravel, boulder, bedrock or clay. Smaller habitats included various additional erosion or
sediment environments such as collapsed banks and slumps, sandy stream margins, gravel
deposits etc. The vegetation types on each habitat were described as submerged aquatics,
floating aquatics, emergent aquatics, aquatic graminoid, terrestrial graminoid, riparian scrub,
forest or woodland. The structure of the vegetation was further described as sparse, open,
medium, dense or closed canopy after Specht (1970).
These data were recorded on schematic diagrams of the longitudinal transect and are
presented in Warfe (2005).
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Results and Discussion
Photos of sites and microsites

Site 1. Typical vegetation.

Site 2. Typical run

Site 3 Typical run.

Site 1. Pool flora foreground and stream
margin flora middle distance and flood plain
behind..

Site 3. In stream flora submerged
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Site 2. Herbfield stream margin flora.

macrophytes

Site 3. Stream margin herbfield.

Site 2 Flood plain vegetation

Site 2 Stream bank vegetation

Site 2. Stream margin flora

Site 3 Flood plain vegetation

Site 3. Stream bank vegetation.
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Site 2. Flood plain grassy woodland.
Site 1. Submerged and floating aquatics.

Site 3. Semi aquatic graminoids.
Site 3. Pool flora

Vegetation descriptions
Aquatic- In stream and stream margin
Aquatic plant beds occur in the stream at all three sites. They vary in diversity and cover of
plants from transect to transect both within and between sites. The beds are characterised by
three structural types; a stream margin community that is emergent and dominated by
graminoids including Carex, Juncus, Baumea and Eleocharis species. In some cases the
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stream margin is represented by a ground cover of Hydrocotyle or Ranunculus herbfield and
at site 1. is often predominantly introduced graminoids. The introduced plants at the margins
characterise the main difference between site 1 and sites 2 and 3 (figure 1).
Floating plants such as Triglochin and Villarsia dominate deeper pools and submerged
macrophytes including Myriophyllum, Potamogeton, Lilaeopsis, Isolepis and Schoenus
species occur in pools and in faster runs (see photos). Riffles were least diverse and often
supported herbfield between cobbles. The in stream flora differed little between sites.
Stream Bank
The stream banks at site 1 are cleared of native vegetation and gorse has formed a riparian
scrub in some instances. At sites two and three native riparian scrubs are typical. These vary
between dense bands of 1-3 m width and sparser but wider open scrubs on high banks or point
bars. The scrubs are characterised by Acacia mucronata, Leptospermum lanigerum and
Micrantheum hexandrum. Poa labillardierei and Lomandra longifolia are scattered and more
abundant where the bank has been disturbed. Herbs are sparse.
The impact of flood flows is evident by the laying in a down stream direction of large shrubs
(> 10 cm) and vertical resprouting. The resprouting branches were 7 – 12 years old. The age
of three stems of Leptospermum lanigerum, that were laid down by flood were about equal to
the age of Acacia dealbata on and above the flood plain at about 37 years. It is likely all
plants regenerated after fire.

Flood Plain
The flood plain at site 1 was introduced pasture with only very occasional native sedges;
including the EPBC listed Carex tasmanica. Site 2 was characterised by a flood plain up to
50 m wide which was predominantly Poa grassland with sedges and shrubs scattered.
Occasional Eucalyptus ovata were also scattered. The opposite side had only a narrow (< 10
m) flood plain.
Flood channels were evident with the flood plain at sites 2 and 3 and these supported
ephemeral aquatic vegetation and vegetation typical of the stream margin.
Terrestrial native vegetation grew adjacent to the flood plain at sites 2 and 3. This vegetation
differed to that associated with the river in the increasing component of small sclerophyll
shrubs and rock plate species such as Cheilanthes austrotenuifolia, Pelargonium australis and
Bulbine glauca.

Vegetation ordination
The ordination of the floristic data (Figure 2) indicates variation between the plots that is
structured. The structure in the ordination data clearly shows the separation of aquatic
vegetation from all other types at the highest axis 1 values (code **1*). Within the aquatic in
stream data set there is little difference between the flora of riffles, runs and pools.
The data then progressively show the stream margins (**2*) which are differentiated by site
and for which differences are evident between riffles, runs and pools and the stream banks
(**3*). The separation of the flood plain vegetation on axis 3 reflects the different sites and
progresses along the axis from site 1 (1*5*), through 2 (2*5*) to 3 (3*5*). The progression
reflects the surrounding land use from largely cleared for grazing and occasionally ploughed
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land, through semi natural rough grazing but impacts of land use evident to close to natural
with little or no impact evident.
Floristic ordination- DCA
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Figure 2. DCA ordination of 93 plots along 12 transects (4 from each of 3 sites). The plots
were recorded from in stream, stream margins, stream banks, flood channels and flood plains
and adjacent terrestrial vegetation. The transects were located across riffles (R) runs (Ru)
and pools (P).
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Figure 3. CCA Biplot illustrates the ordination of the vegetation data from transect 2 and
correlations with sediment fractions and the flow (cumecs) required to inundate the vegetation
plot.

The floristic data for transect 2 were compared with an environmental data set in a canonical
correlation analysis. The environmental data set was comprised of sediment size data and
flow volume data from corresponding vegetation sites. The sediment data were the fraction
of each sediment class. The flow data were the volume (cumecs) required to flood the
elevation that the vegetation occurred at.
In figure 3 the environmental variables are represented as vectors radiating from the centroid
of the ordination. The variable scores (Appendix 1) give the coordinates of the tips of the
vectors. The longer the environmental vector, the stronger the relationship of that variable
with the vegetation data. Rules for constructing and interpreting the vectors and the
ordination are given in Jongman et al. (1995).
The positions of vegetation sites relative to the environmental lines illustrate the relationships
between them. If perpendicular lines are run from each vegetation site to the environmental
vector (extended through the whole ordination space), then the relative position of the sites
indicate:
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(1) the approximate ranking of vegetation site’s response to that environmental variable
(distance from the vector) and
(2) whether the vegetation has a higher than average or lower than average optimum on
that environmental variable (above average if the site falls on the same side of the
centroid as the tip of the vector).
The coordinates for the environmental points are based on the inter-set correlations, i.e. the
simple correlations between the environmental variables and the ordination axes, weighted by
the eigenvalues of those axes (ter Braak 1986, 1988) (Appendix 1).
In this case the CCA biplot and data (Appendix 1) illustrate that the vegetation of the river
banks and floodplains are more closely related to flow (shorter distance from the continuous
flow vector) than the in stream and stream margin flora. The CCA also indicates that the in
stream, stream margin and stream bank flora have a lower than average optimum flow
regime. In other words their optimum conditions persist under lower than average (size of)
flows. The three sites have very different average flows being (about 50 ml site 1, 100 ml site
2 and 200 ml at site 3).
So, regardless of the site the in stream and stream margin flora are not so dependant upon
flow because higher flows also provide adequate water. Where as for flood plain vegetation,
with high optimum flow requirements, low flows do not provide optimum conditions and so
they are more dependant upon the nature of the flow. The frequency of flood flows must then
become a factor in the flow dependence. The flood flow frequency is detailed in Warfe
(2005).
The sediment fractions have some degree of correlation between them with the large gravel,
cobbles and boulders dominating one direction, sand being almost orthogonal and silt/mud
opposing the former. The vegetation ordination illustrates the association of in stream and
stream margins with more of the larger sediments and the flood plain with more of the finest.
The vegetation of the stream banks appear to respond more closely to sand than either the in
stream, stream margins or flood plain vegetation.
The Pearson correlation statistic for correspondence between the species composition and the
sediment flow data is a high 0.85 for axis 1 and 0.87 for axis 2. This correlation is however
better expressed as the percentage of variance explained by the interaction, which is 16%.
The relatively low proportion would be affected by energy differences between sites such as
associated with being in a pool, a riffle or run, and the width and height (shape) of the flood
plain.

Conclusion
In this project we aimed to develop a framework for recommending holistic environmental
flow regimes for Tasmanian catchments. This paper offers a small contribution in that it
shows that distinct vegetation communities are consistently associated with habitats that
reflect flow and sediment characteristics. It also showed that the in stream flora varies little
between 3 sites along a river despite having flow intensities of different magnitudes and
different channel characteristics. The data from site 2 suggests that in stream flora may also
be the more resistant to change due to varying flow volume. The stream bank and flood plain
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vegetation is more dependant upon flow but the threshold characteristics of optimum flow,
flow frequency and duration are not known.
The sediment size and flow energy relationships in the Little Swanport River ares not
completely understood. Koehnken points out that once an understanding of the flow rates
required to transport various sized sediment through the system has been gained, hydrologic
data can be used to identify the annual frequency and timing of such events. Once the
information is incorporated into a geomorphic conceptual model, more detailed information
about sediment transport in the catchment can be provided.
The flow and sediment models can be used to map the predicted distribution of sediment and
flow environments (vegetation habitats) under conditions promoted by abstraction. Further
analysis is required to better integrate the sediment and flow data sets and models with our
understanding of the vegetation habitats on the Little Swanport River.
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Appendix 1. Results of CCA
AXIS SUMMARY STATISTICS
Number of canonical axes: 3
Total variance ("inertia") in the species data:
4.9743
----------------------------------------------------------Axis 1
Axis 2
Axis 3
----------------------------------------------------------Eigenvalue
0.533
0.271
0.170
Variance in species data
% of variance explained
10.7
5.4
3.4
Cumulative % explained
10.7
16.2
19.6
Pearson Correlation, Spp-Envt*
0.851
0.877
0.778
Kendall (Rank) Corr., Spp-Envt
0.560
0.647
0.527
----------------------------------------------------------* Correlation between sample scores for an axis derived from the
species
data and the sample scores that are linear combinations of the
environmental variables. Set to 0.000 if axis is not canonical.
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Intra correlations
CORRELATIONS AND BIPLOT SCORES for
8 variable
-------------------------------------------------------------------Correlations*
Biplot Scores
Variable
Axis 1 Axis 2 Axis 3
Axis 1 Axis 2 Axis 3
-------------------------------------------------------------------1 flow (cu
-0.473
0.843
0.224
-0.345
0.439
0.092
2 silt/mud
-0.494 -0.115
0.082
-0.361 -0.060
0.034
3 sand
0.013
0.309 -0.020
0.009
0.161 -0.008
4 gravel
0.393
0.103
0.064
0.287
0.054
0.027
5 pebble
0.116 -0.206
0.099
0.085 -0.107
0.041
6 cobble
0.584
0.523
0.168
0.426
0.272
0.069
7 boulder
0.278 -0.086
0.479
0.203 -0.045
0.197
8 bedrock
0.097 -0.010 -0.898
0.071 -0.005 -0.370
-----------------------------------------------------------------* Correlations are "intraset correlations" of ter Braak (1986)

Interset correlation
Variable
Axis 1 Axis 2 Axis 3
----------------------------------------1 flow (cu
-0.402
0.740
0.174
2 silt/mud
-0.422 -0.101
0.066
3 sand
0.011
0.271 -0.016
4 gravel
0.334
0.090
0.050
5 pebble
0.098 -0.181
0.076
6 cobble
0.497
0.459
0.130
7 boulder
0.239 -0.075
0.370
8 bedrock
0.083 -0.009 -0.699

Appendix 2. Flora species list.
Species list -

dpi09

Status codes:
ORIGIN
in - introduced
en - endemic to Tasmania
t - within Australia, occurs only in

Name

NATIONAL SCHEDULE
EPBC Act 1999
C - critically endangered
E - endangered
V - vulnerable

Common name

STATE SCHEDULE
TSP Act 1995
e - endangered
v - vulnerable
r - rare

Status

DICOTYLEDONAE
APIACEAE
Centella cordifolia
Hydrocotyle sp.
Lilaeopsis polyantha
ASTERACEAE
Abrotanella forsteroides
Bellis perennis
Cirsium arvense
Cirsium vulgare
Cotula australis
Euchiton sp.
Hypochoeris radicata
Lagenophora stipitata
Leontodon taraxacoides

centella
pennywort
australian liaeopsis
cushion plant
english daisy
creeping thistle
spear thistle
common cotula
cudweed
cat's ear
blue bottle daisy
hairy hawkbit

en
i
i
i

i
i
i
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Sonchus asper
Taraxacum officinale
BORAGINACEAE
Myosotis australis
CAMPANULACEAE
Isotoma fluviatilis
Lobelia alata
Wahlenbergia sp.
CARYOPHYLLACEAE
Cerastium glomeratum
Polycarpon tetraphyllum
Sagina apetala
Scleranthus biflorus
CLUSIACEAE
Hypericum gramineum
Hypericum japonicum
CONVOLVULACEAE
Dichondra repens
CRASSULACEAE
Crassula sieberiana
DILLENIACEAE
Hibbertia riparia
DROSERACEAE
Drosera pygmaea
EPACRIDACEAE
Acrotriche serrulata
Astroloma humifusum
Epacris tasmanica
Leptecophylla juniperina
Lissanthe strigosa
EUPHORBIACEAE
Beyeria viscosa
Euphorbia paralias
Micrantheum hexandrum
Poranthera microphylla
FABACEAE
Bossiaea prostrata
Lotus corniculatus
Trifolium pratense
Trifolium repens
Ulex europaeus
Vicia sativa nigra
GENTIANACEAE
Centaurium erythraea
GERANIACEAE
Geranium potentilloides
Pelargonium australe
GUNNERACEAE
Gunnera cordifolia
HALORAGACEAE
Gonocarpus tetragynus
Myriophyllum aquaticum
Myriophyllum pedunculatum
Myriophyllum salsugineum
Myriophyllum sp.
LAMIACEAE
Prostanthera lasianthos
Prunella vulgaris
LINACEAE
Linum marginale
MENYANTHACEAE
Villarsia reniformis
MIMOSACEAE
Acacia dealbata
Acacia mucronata
MYRTACEAE
Callistemon pallidus

prickly sow thistle
common dandelion

i
i

austral forget-me-not
swamp isotome
angled lobelia
bluebell
sticky mouse-ear chickweed
four-leaf allseed
annual pearlwort
twin-flower knawel

i
i
i

small st. johns wort
matted st. johns wort
kidney-weed
australian stone-crop
erect guinea-flower
dwarf sundew
ant's delight
native cranberry
tasman heath
pink or crimson berry
peach berry
pinkwood, sticky wallaby-bush
sea spurge, milkweed, spurge
box micrantheum
small poranthera

en

i

creeping bossiaea
bird's-foot trefoil
red clover
white clover
gorse,
narrow leaved vetch, vetch, tare

i
i
i
i
i

common centaury

i

mountain geranium
wild geranium, austral storks-bill
gunnera
common raspwort
parrots feather
mat water-milfoil
brackish water-milfoil
water milfoil
christmas bush, mint tree
heal-all, self-heal

en

i

i

wild or native flax
yellow marsh-flower
silver wattle
variable sallow wattle
yellow bottlebrush
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Eucalyptus amygdalina
Eucalyptus ovata
Eucalyptus pulchella
Eucalyptus rodwayi
Eucalyptus viminalis viminalis
Euryomyrtus ramosissima
Leptospermum lanigerum
OLEACEAE
Notelaea ligustrina
ONAGRACEAE
Epilobium sp.
OXALIDACEAE
Oxalis perennans
PITTOSPORACEAE
Bursaria spinosa
PLANTAGINACEAE
Plantago coronopus
Plantago lanceolata
Plantago varia
POLYGONACEAE
Acetosella vulgaris
Rumex sp.
PRIMULACEAE
Anagallis arvensis
PROTEACEAE
Hakea microcarpa
Lomatia tinctoria
RANUNCULACEAE
Batrachium trichophyllum
Ranunculus amphitrichus
Ranunculus pimpinellifolius
RESEDACEAE
Reseda luteola
RHAMNACEAE
Pomaderris apetala
Pomaderris phylicifolia phylicifolia
ROSACEAE
Acaena echinata
Acaena novae-zelandiae
Aphanes arvensis
Rosa rubiginosa
RUBIACEAE
Asperula conferta
Coprosma quadrifida
SALICACEAE
Salix babylonica
SCROPHULARIACEAE
Mimulus repens
Verbascum thapsus
Veronica calycina
Veronica gracilis
VIOLACEAE
Viola hederacea

black peppermint
black gum
white peppermint
swamp peppermint
manna or white gum
baeckea, rosy heath-myrtle
woolly tea-tree

en
en
en

native olive
willowherb
native wood-sorrel
prickly box, blackthorn
buck's horn plantain
common plantain
variable plantain

i
i

sheep's sorrel
dock

i

scarlet pimpernel

i

small-fruit hakea
guitar plant

en

frogwort
river buttercup
bog buttercup
weld

r
r

i

dogwood, native hazel
narrow leaf pomaderris
sheeps burr
buzzy, biddy-widdy
parsley piert
sweet briar

r

i
i

common woodruff
native currant
weeping willow
creeping monkey flower
great mullein,
hairy speedwell
slender speedwell

i

i

ivy-leaf violet

MONOCOTYLEDONAE
CYPERACEAE
Baumea juncea
Baumea rubiginosa
Carex breviculmis
Carex gaudichaudiana
Carex iynx
Carex sp.
Eleocharis acuta
Eleocharis sphacelata
Isolepis fluitans
Isolepis inundata
Isolepis sp.
Lepidosperma ensiforme

bare twig-rush
soft twig-rush
sedge
sedge
sedge
sedge
common spike-rush
tall spike-rush
floating club-rush
swamp club-rush
club rush
two handed sword
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Lepidosperma gunnii
Lepidosperma laterale
Lepidosperma longitudinale
Schoenus apogon
Schoenus sp.
JUNCACEAE
Juncus articulatus
Juncus australis
Juncus bufonius
Juncus filicaulis
Juncus pallidus
Juncus pauciflorus
Juncus sp.
JUNCAGINACEAE
Triglochin procerum
LILIACEAE
Bulbine glauca
Laxmannia orientalis
POACEAE
Agrostis stolonifera
Aira caryophyllea
Anthoxanthum odoratum
Austrodanthonia setacea
Austrodanthonia sp.
Austrostipa sp.
Dactylis glomerata
Ehrharta acuminata
Ehrharta stipoides
Glyceria australis
Holcus lanatus
Lachnagrostis filiformis
Lolium perenne
Notodanthonia semiannularis
Poa annua
Poa labillardierei
Poa mollis
Themeda triandra
POTAMOGETONACEAE
Potamogeton australiensis
Potamogeton ochreatus
Potamogeton perfoliatus
Potamogeton tricarinatus
RESTIONACEAE
Leptocarpus tenax
XANTHORRHOEACEAE
Lomandra longifolia

little or narrow sword-sedge
variable or broad sword-sedge
pithy sword-sedge
common or fluke bog-rush
bog-rush
rush, jointed rush
austral rush
toad rush
thread rush
pale rush
loose-flower rush
Rush

i

water-ribbons
bluish bulbine-lily
dwarf wire-lily, nodding lily
creeping bent grass
silver hair grass
sweet-scented vernal grass
bristle wallaby-grass mulga
wallaby grass
Spear grass
cocksfoot, orchard grass
pointed rice-grass
weeping grass
australian sweet-grass, manna grass
velvet grass, yorkshire fog grass
blown grass
perennial rye grass
wallaby-grass
wintergrass, annual poa
tussock or snow grass
soft poa grass
kangaroo grass

i
i
i

i

i
i
i
en r

thin pondweed
blunt pondweed
perfoliate pondweed
floating pondweed
slender twine-rush
sagg

PTERIDOPHYTA
ADIANTACEAE
Adiantum aethiopicum
Cheilanthes austrotenuifolia
ASPLENIACEAE
Asplenium flabellifolium
DENNSTAEDTIACEAE
Pteridium esculentum

common maidenhair
rock fern
necklace fern
bracken
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Appendix E.
A review of the flow and flow-related habitat
requirements of Tasmanian native and
introduced freshwater fish.
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A review of the flow and flow-related
habitat requirements of Tasmanian native
and introduced freshwater fish

1. Introduction
This review describes what is known about the flow-related habitat requirements of
Tasmanian native fish, as they relate to movement and migration, spawning, rearing and
feeding. Brown trout are also included in this review, due to their widespread distribution and
frequent dominance of Tasmanian stream fish assemblages.
The Tasmanian stream fish fauna is comprised of some 28 species, the majority of which are
migratory (diadromous, mainly catadromous), requiring free movement within the stream
drainage network and access either to an estuary, the coast or a lake. Population densities of
most species decline upstream from the sea, with brown trout, eels and, occasionally Galaxias
brevipinnis, being dominant in middle to upper elevation drainage reaches (Davies 1989).
This is a pattern also observed elsewhere in south-eastern Australia and New Zealand (Gehrke
and Harris 2000, McDowall and Taylor 2000, Joy and Death 2004).
Despite the high level of activity in the area of environmental flow management, information
on flow requirements for south east Australian freshwater fish species is remarkably limited.
The pool of Australian information in this area is very small, and sources from New Zealand
and occasionally overseas are drawn on. In addition, requirements for habitat and flow
characteristics cannot be readily separated. This review therefore identifies key aspects of
habitat requirements as they relate to flow, both directly and indirectly, but does not attempt a
full description of each species’ ecological requirements.
Habitat use by freshwater fish varies considerably between species. There are close
relationships between the physical habitat used by fish and flow, both directly in terms of the
relationship between the energetics of swimming and feeding and hydraulics, and indirectly
by determining the distribution and composition of stream substrate, food resources, cover
etc.
This review briefly describes general aspects of fish and flow relationships, and then
identifies what is known about habitat and flow requirements of Tasmanian riverine
freshwater fish species. The Gobies, predominantly brackish water or estuarine species, are
not discussed.

2. General issues
Maintenance of viable river fish populations or assemblages can only be achieved by
management of a range of aspects of the fluvial environment. While this includes flow, it
must also include management of water quality, physical habitat, riparian zones, food
production, connectivity and pest species. Key aspects of the flow regime of importance to
Tasmanian riverine fish are:
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•
•
•
•
•
•

Presence of sufficient baseflow to allow occupancy of habitat for rearing, cover and
shelter, and to sustain food production;
Presence of sufficient flow during low flow periods to maintain refuges (e.g. in pools)
and water quality;
Full connectivity of flow to allow passage of fish during various stages of a species’
life history;
High flow/flood events to trigger and complete migrations, spawning, dispersal and
egg hatching events;
High flow/flood events to maintain stream substrate and channel form in line with
habitat requirements;
Seasonal patterns of flow, linked to seasonal thermal and day length regimes, to allow
full cueing and timing of key life history events.

While there are other aspects of the flow regime, and its links to related instream ecological
features and processes, including for example extreme low flows and droughts (e.g.
Humphries and Baldwin 2003), these are not described further here.
Key flow-related impacts on Tasmanian fish communities are the regulation of flows and the
presence of barriers.

Flow regulation
Flow regulation is considered to be detrimental to native fish communities and diversity in
south-east Australian river (Gehrke et al. 1995, Humphries et al. 2002). Fish diversity in the
Murray-Darling basin is strongly negatively correlated with the degree of flow regulation,
Gehrke et al. (1995) describing a linear relationship between species diversity and an index of
annual proportional flow change, and a trend toward increasing representation of alien species
in highly regulated river reaches. These observations were consistent with the intermediate
disturbance hypothesis (Connell 1978, Grossman et al. 1982), in which low species diversity
is observed in river environments with high stability or extreme variability in flows, while
high diversity is observed at an intermediate frequency of disturbance or flow variability.
Flow regulation can impact on post-spawning recruitment processes (larval survival etc) as
much as on spawning itself (Humphries and Lake 2000). In Tasmania, flow regulation is
likely to have its greatest impact on in-channel processes including recruitment, habitat
availability and quality, rather than on floodplains which have been shown to be of less
relevance to Australian fish species than originally though (Humphries et al. 1999). Flow
regulation may also have negative impacts on estuarine fish populations and commercial and
recreational fishery production dependent on estuaries (Loneragan and Bunn 1999).

Impoundments and barriers
The presence of barriers has a major influence on riverine fish assemblages, through the
impacts on passage and connectivity, flow regimes, water quality, sediment transport and
downstream channel integrity (Harris 1984, Gerhke et al. 1999, Gerhke and Harris 2001).
Both larger hydroelectric dams and smaller structures (weirs, dams, sills etc) are believed to
have a substantial impact on the distribution and viability of Tasmanian fish species. The flow
and physical characteristics of these barriers need to be better understood.
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4. Migratory Tasmanian freshwater fish species
4.1 Galaxias maculatus
G. maculatus is widespread throughout Tasmania, tending to be restricted to the lower end of
river drainages (Fulton 1990). It is an open water species, often occurring in shoals, and
frequenting both runs and pool habitats. It migrates from the sea as juveniles in spring and the
majority spend 5 - 7 months in freshwater, before migrating downstream to spawn in the tidal
zone of rivers on spring high tides in autumn (McDowall 1990). Few survive the first year’s
spawning (McDowall 1968), with only a small proportion remaining resident instream and
spawn in their second (or, rarely, third) year.
Migratory requirements
Adult G. maculatus migrates downstream in autumn for estuarine spawning (e.g. Charteris
2002). No flow cues for this movement are reported, but rising water levels are believed to be
a trigger.
Post-larval and juveniles migrate into river months and upstream in lower reaches during late
winter-spring (August – November), with migrations commencing later (September-October)
in western Tasmania (Fulton and Pavuk 1988). Upstream movement of juveniles in the Plenty
River was recorded during November to January by Sloane (1984). Migration peaks occur
intermittently, and are known to follow flood peaks or peak during flood recession (Fulton
and Pavuk 1988, McDowall and Eldon 1980, McDowall et al. 1994).
Walker (1999) identified maximum sustained and burst swimming speeds for average adult
G. maculatus, at 0.27 and 0.38 m/s, noting a degree of size dependence for both. Mitchell
(1989) and Nikora et al. (2003) observed typical sustained swimming speeds of around 0.25
m/s, and maximum burst speeds of around 1 m/s. Near-bed water velocities should fall below
these speeds to ensure migration over barriers. Both maximum burst and sustained swimming
distances can be calculated from relationships with water velocity, and body length derived by
Mitchell (1989), Walker (1999) and Nikora et al. (2003). McDonald (2000) observed a
statistically significant but not strong relationship between success at passage through culverts
and body length for G. maculatus. Baker (2003) describes physical passage requirements for
G. maculatus.
Instream rearing habitat
G. maculatus is known from a wide range of stream types in Tasmania, with populations
concentrated in reaches at low elevations and within cA. 10-20 km from the tidal limit.
Sagar (1993) and Jowett (2002) have described instream habitat use by adult G. maculatus in
New Zealand rivers. Jowett (2002) observed adults feeding at locations where drift food was
concentrated by flow, and where water velocities low enough to allow fish to hold position
(see Walker 1999 for swimming speed data). Optimum feeding velocities and depths were
0.03 – 0.07 m/s and greater than 0.3 m respectively, with use of depths between 0.1 and 0.3 m
noted (see Figure 1 below). Jowett (2002) recommends collection of habitat use and
availability data over a range of stream types to define optimal habitat and suitability criteria
for generalised application. His data for G. maculatus are available as a set of general habitat
preference curves accompanying the RHYHAB hydraulic and habitat simulation package.
Despite some differences being observed between streams in habitat preferences exhibited by
G. maculatus (Figure 1), Jowett (2002) suggested that G. maculatus, being a diadromous fish
species that spends only around seven months in a stream, is unlikely to develop stream-
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specific habitat preferences. He also suggested that the offshore marine life stage and
probable inability to home to natal waters indicates that there would be extensive genetic
mixing (supported by genetic studies, e.g. Fulton and Pavuk 1989, Waters et al. 2000) and
that stream-specific habitat preferences are also unlikely for these reasons.

Figure 1. Habitat preferences shown by G. maculatus for water velocity and depth in two New
Zealand streams (left plots: a tributary of the Mokau River; right plots: the Whakapipi Stream).
The plots shown for the Mokau are for data from two months – December (dash-dot line) and
January (dashed line). Graphs from Jowett (2002).

Spawning habitat
G. maculatus spawn in vegetation along estuarine margins of estuaries (McDowall 1996,
Charteris 2002), with spawning observed in a wide range of estuary sizes in Tasmania (Fulton
and Pavuk 1988, Davies unpub. obs.). Spawning is observed close to the upper limit of the
salt wedge (e.g. generally within 100 m of the upper extent of saline water in smaller NZ
rivers, Taylor 2002). Spawning is tide-dependent, with egg laying and hatching dependent on
access to vegetation under high (new or full moon) autumn tides. Any changes to riverine or
tidal flows which affect access to marginal vegetation is likely to have effects on spawning
success. The presence of tide gates in New Zealand rivers has can eliminate spawning (Taylor
2002).

4.2 Galaxias brevipinnis
G. brevipinnis (the climbing Galaxias) is widespread in Tasmania, with the highest densities
occurring in the western river drainages, or in upland lakes and associated drainages of the
Central Plateau and nearby western mountains. Isolated populations may occur upstream of
waterfalls (e.g. Snug River, Lake Surprise) or associated with lakes, while the majority of
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populations appear to be dependent on recruitment from upstream migrations following
immigration of juveniles from the sea. Juveniles are able to climb high natural or artificial
barriers, with occasional large such movements observed at barriers close to (within 10 km
of) the sea. The species is common down to sea level in the absence of trout, but often
restricted to headwaters above barriers in drainages where trout are abundant (Davies pers.
obs., McDowall and Fulton 1996).
The species feeds on aquatic macroinvertebrates, is often cryptic in open canopy streams, but
observed in open water in western Tasmanian streams with dense riparian canopies (Hamr,
Davies per. obs.), but has been observed to shoal in Victorian streams with relatively high
population densities (O’Connor and Koehn 1998). Spawning occurs in autumn-winter, with
eggs observed along stream margins and in riparian litter following floods (O’Connor and
Koehn 1998). Adults have been recorded to 20 to 28 years of age in western Tasmanian
streams, by otolith analysis (Davies et al. 1996).
Migratory requirements
Post-hatching larvae are swept downstream to tidal and coastal waters. O’Connor and Koehn
(1998) believe a significant flood is required to facilitate downstream transport to the sea.
Post-larval juvenile migrate into river mouths in spring, accompanying the ‘whitebait’
migration of G. maculatus and G. truttaceus. These migrations are believed to be triggered by
a flood event, with upstream movement occurring on the falling flood limb. Sloane (1984)
observed upstream movement of juvenile G. brevipinnis in November in the Plenty River
Tasmania, accompanying G. maculatus and G. truttaceus.
Upstream dispersal through the drainage and recruitment to upper elevation populations is
thought to occur slowly and intermittently. Moffat (1986) reports burst and sustained
swimming speeds of G. brevipinnis.
Instream rearing habitat
Richardson & Jowett (1995) found that adult G. brevipinnis (c.100–180 mm FL) were most
abundant in cascades and riffles with a median velocity of 0.61 m/s, and that the species
preferred high velocity water with no upper limit observed. It was not known whether these
locations were refuges or feeding habitat.
Spawning habitat
Allibone and Caskey (2000) and O’Connor and Koehn (1998) provide detailed descriptions of
the autumn spawning of G. brevipinnis, the latter in coastal streams of the Otway ranges,
Victoria. Spawning occurred on stream and riparian substrates, and was mostly complete by
early May. Eggs were observed on damp cobble-pebble substrates (and not on woody debris,
litter of riparian vegetation) along riffle edges generally within 1 m of baseflow levels but up
to 7 m from the channel edge, remaining for 30 to 60 days and hatching only when next
wetted by a flood. Laboratory trials indicate that riparian shade is a key factoring egg survival
to hatching, and that eggs require agitation as a hatching trigger.
O’Connor and Koehn (1998) suggest that a series of early winter flood flows re require to
initiate spawning, hatching and downstream larval transport, while spring floods are require to
trigger upstream migration by juveniles. G. brevipinnis larvae have been recorded moving
downstream in March-May (McDowall & Suren 1995, Charteris and Ritchie 2002).

90

Vegetation transects Little Swanport

4.3 Galaxias truttaceus
G. truttaceus is widespread and common in Tasmanian river systems, with population density
being highest in the lower ends of coastal river systems, and in with lakes and associated
drainage of the central plateau. Often associated with cover and pool habitats (McDowall and
Fulton 1996), spawning in autumn. Spawning habitat has yet to be described, but is believed
to be similar to that of G. maculatus. Downstream migrations of mature adults have been
observed in autumn, and local migrations occur within lakes. Juveniles migrate into river
mouths in spring (August – November) as part of the ’whitebait’ migration. Adults have been
aged to 5+ years (Davies and Kalish unpub. data). The species varies in life history and
morphology (e.g. numbers of vertebrae and gill rakers) between lowland and upland
populations in Tasmania (Humphries 1989, 1990).

Migratory requirements
As for G. maculatus. Upstream movements have been recorded in the Plenty River by Sloane
(1984) in November, and the species was recorded as a significant component in whitebait
turns in northern, western and southern Tasmanian (Fulton and Pavuk 1988). Walker (1999)
measured maximum sustained and burst swimming speeds for average size adult G. truttaceus
as 0.31 and 0.43 m/s respectively.

Instream rearing habitat
G. truttaceus has been reported to preferentially occupy covered positions in low velocity
stream sites, especially in pools, with cover provided by coarse substrate (e.g. cobbles and
boulders), woody debris and overhanging vegetation (Lake and Fulton 1981, Humphries and
White 1989, Fulton 1990). Ault and White (1994) observed that G. truttaceus shows a distinct
preference for low velocity over high velocity sites in Tasmanian streams. There were no
significant preferences for substrate size of instream vegetation cover. However, medium and
larger fish selected deeper, covered stream sections, and preferred high levels of cover and
detrital substrate. Small (< 85 mm TL) fish preferred shallower more open sites with coarser
substrate. Ault and White (1994) suggested that selection for cover (woody debris for adults,
coarser substrates for juveniles) is a response to avian predation.
Spawning habitat
Adults migrate prior to spawning which peaks in autumn-early winter (McDowall and Fulton
1996), during April and May (Morgan 2003). Migration in streams is believed to be
downstream (McDowall and Fulton 1996, Davies unpub. obs. Sandy Bay Rt Tasmania), but
upstream migrations have been observed within and into inflowing streams for lake
populations (Sloane pers. comm., Morgan 2003) and migrations within lakes have been
observed (Humphries 1989). The spawning habitat for G. truttaceus is unknown in streams,
and spawning has not been observed to date.

4.4 Other galaxiids, Neochanna and Paragalaxiid species
Knowledge of habitat requirements for riverine galaxiids in Tasmania is severely limited. All
Tasmanian paragalaxiids, and three of the ten Tasmanian galaxiid species are lacustrine. G.
parvus, Galaxiella pusilla and Neochanna cleaveri (the Tasmanian mudfish, formerly
Galaxias cleaveri) are predominantly wetland species, though the latter has a whitebait stage.
The remaining two species, both listed under the Tasmanian Threatened Species Protection
Act (TSPA 1995), occur in small stream systems – G. johnstoni is partially riverine and
restricted to small montane streams linked to lake systems, G. fontanus is known from a
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number of small sub-catchments in the Swan and Macquarie river drainages. Both species are
believed to have their distributions restricted due to the impact of brown trout introductions.
G. fontanus is restricted to low order drainage sub-catchments. It is a riverine species with no
marine life stage. It spawns in spring, and both juveniles and adults are observed to shoal,
with a preference for pool habitat. No specific flow cues are reported for spawning to occur.

4.5 Australian Grayling
The grayling (Prototroctes maraena) is a listed, threatened species (classed as vulnerable
under the TSPA 1995, and the federal EPBC Act 1999). It was formerly abundant and
widespread in Tasmania, and is now believed to be widespread but with low to very low
population densities. It is a riverine species occurring in larger order sections of coastal river
drainages, generally below 200 m (though recorded up to 1000 m in Victoria). More abundant
in northern and eastern rivers, with occasional occurrences in western and southern drainages.
Migratory requirements
Larvae drift to the sea, and juveniles return as part of the whitebait run (Fulton and Pavuk
1988, McDowall and Fulton 1996). Instream barriers may eliminate populations upstream.
Instream rearing habitat
Most common in clearer, gravel-cobble bed streams and can be occasionally locally
abundance in reaches within 10 km of the tidal limit (Jackson and Koehn 1988). Adults shoal
in open water. Feeding is predominantly on aquatic algae and insects.
Spawning habitat
Spawning occurs in autumn (April-May). Egg development and spawning are believed to be
triggered by a decline in water temperature (to ca. 13 deg C). Spawning failures in the
Barwon River, Victoria, are believed to be related to the absence of high flow events due to
river regulation, in June (O’Connor and Mahoney 2004). These authors, along with Jackson
and Koehn (1988) and Hall and Harrington (1989), believe that a winter flood event and/or
substantially raised baseflows is required for successful spawning to occur. The spawning
habitat is unknown.

4.6 Eels
Two species of eel are known from Tasmania, the shortfin eel (Anguilla australis) and the
longfin eel (Anguilla reinhardtii). Shortfin eels are widespread and common at all elevations,
including upland lakes and associated drainages (Fulton 1990). Longfin eels are restricted to
north eastern river and wetland systems, though specimens are recorded from the Tamar and
Prosser rivers (Sloane 1984c). Both species are migratory, spawning in tropical waters, and
migrating as leptocephalous larvae down the eastern Australian coast, metamorphosing into
glass eels and elvers as they enter coastal waters and estuaries. Elvers migrate upstream, with
the majority of the life span spent in freshwaters, with spawning and downstream migration
occurring typically between 10 and 35 years of age.
Migratory requirement
Elver migration

Glass eels and pigmented elvers migrate into estuary and tidal river mouths, with elvers
having marked annual peaks in upstream movement into freshwater. Day length, water
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temperature and river flow may all contribute to the initiation and control of elver migrations
(Sloane 1984, 1984a). Elver immigration and upstream movement is linked to both moon
phase and the occurrence of flood peaks (Sloane 1984a, b).
Upstream migration

Upstream migration of elvers and sub-adult eels tends to be seasonal with peak migrations in
spring – early summer (Sloane 1984a, b). Movement upstream continues with age, with older
eels tending to be found higher in drainage networks, their upstream movement being
associated with flood events and falling levels after flood peaks (Sloane 1984a).
Downstream migration

Sloane (1984c) found a significant positive correlation between trap catch of downstream
migrating eels and water temperature, and temperatures above 12 deg C were associated with
eel migration in the Clyde River. Peak downstream migration occurred during January and
coincided with the highest record of mean daily water temperature (20.5 deg C). Trap catch
rates were not influenced by moon phase or river flow, though flood and release events were
associated with the commencement of peak migration.
Boubee et al. 2001 observed downstream migrations of adult shortfin eels in New Zealand,
which occurred on a few nights each autumn. Migrations began when water temperatures
declined and ceased when temperatures fell below ca. 11 deg C. A rise in streamflow is a key
factor required to initiate migration events (Sloane 1984c, Boubee et al. 2001, Sloane unpub.
obs.).
Instream rearing habitat
Koehn et al. (1994) observed selection by shortfin eels of woody debris in Victorian streams,
with a strong preference for log-jams, and with younger eels selecting fine substrates (sand,
gravel and pebbles). Cover is a major determinant of shortfin or longfin eel abundance within
stream reaches, provided by either woody debris, marginal vegetation, undercut banks or
bankside grasses (Glova et al. 1998, Koehn et al. 1994, Jellyman and Sykes 2003).
Jellyman and Sykes (2003) observed that both shortfin and longfin eels were active at night
and on every night of their study in two New Zealand river systems. In both streams, eel
movement was almost exclusively associated with the river bank, and few cross-channel
movements were recorded. Shortfin eels were most commonly found in runs, and longfin eels
in riffles.
Jowett et al. (1996) determined habitat use by longfin eels in New Zealand streams (Grey
River and tributaries) and observed a slight preference for water depths < 0.2 m but with little
preference for particular substrate sizes.
Jowett and Richardson (1995) observed that optimum depths for both shortfin and longfin
eels were less than 10 cm, across a range of rivers in south and north island New Zealand.
Neither species showed a preference for particular water velocities, though shortfin eels are
less abundant at velocities > 1.0 m/s and show a preference for fine substrates (sands and
gravels), while longfin eels preferred coarser gravels and cobbles. These authors provide
habitat preference curves for both eels species for depth, substrate and velocity. Jowett and
Richardson (1994) also show that shortfin eels do not significantly change their habitat
selection for depth and velocity during floods.
Sloane (1984a) observed a decline in abundance of longfin eels upstream in Tasmanian
rivers, which they suggested was due to avoidance response to cooler upstream waters.
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4.7 Lampreys
Most lampreys have a similar life cycle (Potter et al. 1986, Maitland & Campbell 1992) –
adults migrate upstream into rivers to reach stony or gravelly spawning areas in flowing
water. They spawn in pairs or groups, laying eggs in depressions often under a large stone,
log or vegetation, created by lifting away small stones with their suckers. The nest may also
be in the open in shallow water, and spawning adults are vulnerable to predators.
Two species of lampreys are found in Tasmania, the pouched lamprey, Geotria australis, and
the shortheaded lamprey, Mordacia mordax (Fulton 1990). Both are migratory species,
spending their adult life predominantly at sea, and migrating into the lower reaches of rivers
to spawn (Potter et al. 1986). Adults do not feed in freshwater and die shortly after spawning.
Larval lampreys (ammocoetes) live in freshwater for around three or four years (for short
head and pouched lampreys respectively) before metamorphosing in December-February (to
velasia) and migrating some six months later during winter-spring downstream to the sea.
Both species are widespread in Tasmania, and locally, the abundance of ammocoetes, can be
high in the lower reaches of northern and eastern rivers (Fulton 1990, Davies and Fulton
unpub. obs.). Upstream spawning migrations were observed to be stimulated by increased
flows but stopped by large floods in New Zealand (Jellyman et al. 2001).
Migratory requirements
Downstream migration of sub-adults to the sea may be partially dependent on a flood trigger,
since downstream migrations are delayed in low flow years (Potter 1986).
Adult spawning migrations into rivers occur in spring for both species, with most movement
at night (Sloane 1984). Adults are known to burrow into instream sands and silts in daytime
during the migration period. Sloane (1984) observed upstream movement of lampreys in the
Plenty River, with separate migrations for G. australis and M. mordax occurring in
September-October and November-December, respectively. High flows were associated with
upstream movement of G. australis. Movement of M. mordax was not associated with peaks
in river flow, but peaked when temperatures reached 13 – 15 deg C).
Instream rearing habitat
Ammocoetes of both species spend several years in freshwater before metamorphosing and
migrating to sea. The primary habitat is sand-silt deposits in channel margins, in areas of low
water velocity, typically in lowland higher order stream reaches in run habitats (Potter et al.
1986, Kelso and Todd 1993, Jellyman and Glova 2002). Jellyman and Glova (2002) observed
that ammocoetes had strong associations with shallow and low velocities, and fine substrates
(see Figure 2). Marked preferences were shown for depths > 0.3 m, velocities < 0.05 m/s, and
substrates of < 1 mm size. Very few ammocoetes were observed in substrates of mean
diameter > 2 mm.
Jowett et al. (1996) observed peak lamprey ammocoete abundances in New Zealand river
sites with velocities < 0.15 m/s and substrate sizes < 30 mm. Koehn et al. (1994) observed an
association between large logs and higher Mordacia mordax ammocoete abundance in
smaller Victorian streams, which they ascribed to the presence of sand-silt deposits in pool
features associated with the logs.
Spawning habitat
Spawning occurs in spring-summer and may continue throughout the year (Potter et al. 1986).
Spawning for Geotria australis occurs in spring of the year following upstream migration.
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However, spawning has not been observed in south-eastern Australia and details of the
spawning habitat requirements are unknown.
Adult Geotria australis lampreys are generally associated with bankside debris cover in New
Zealand rivers (Jellyman et al. 2001).

Figure 2. Frequency of use of water depths, velocities and substrate size of Geotria australis
ammocoetes (Matura River New Zealand, from Jellyman and Glova 2002).

4.8 The Sandy
The sandy, or congolli, roach or tupong (Pseudaphritis urvillii) is a common, widespread and
locally abundant species found in all Tasmanian river systems, particularly those in the north,
east and south. Populations are observed at up to 30 km inland, though abundances are
highest closer to the coast. Adults migrate downstream to estuaries to spawn in autumn-winter
(Hortle 1979, Andrews 1996), and juveniles are most abundant in near-coastal reaches.
Migratory requirements
While a downstream migration is known to occur, the conditions required to trigger it are
unknown. Age distributions, with older fish being found further upstream, also indicate that
the spawning migration is followed by return movement upstream of post-spawning adults.
Juveniles have been observed moving upstream in lowland river reaches in spring (Fulton
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1990). Sloane (1984) observed upstream movement of sandies (the ages were not reported)
peaking in January during period of reduced river discharge.
Instream barriers to upstream migration may pose a risk to local populations. Walker (1999)
measured swimming speeds for P. urvillii and determined maximum sustained and burst
speeds for average size individuals as 0.43 and 0.56 m/s, with a slight negative relationship
between burst speed, time to fatigue and fish length. These speeds were not significantly
different to average stream brown trout tested under the same conditions, implying that fish
passage conditions may be similar for the two species.
Instream rearing habitat
Sandies are most abundant in slow flowing reaches with sand/silt and/or organic deposits
(Hortle 1979, Andrews 1996), but are also observed in abundance in gravel-cobble reaches of
larger rivers.
Spawning habitat
Unknown.

5. Non-migratory species
5.1 Blackfish
Blackfish (Gadopsis marmoratus) is common and widespread in northern (north west to north
eastern) Tasmanian drainages, including the Arthur and Anson River systems, particularly at
lower elevations and in higher stream orders (Davies 1989, Fulton 1990, Jackson et al. 1986).
It is a non-migratory, nocturnal feeder. It has also been introduced into the drainages of the
Huon, Derwent rivers, the Strahan area. Its status in the South Esk Basin is uncertain, as it
occurs infrequently throughout the lower sections of the main river systems, but is locally
abundant in the Meander River.
Migratory requirements
While blackfish do show a degree of local movement (Koehn et al. 1994), this species is not
migratory, with its entire life history spent in freshwater.
Instream rearing habitat
Adult blackfish are known to prefer deeper, pool habitats associated with snags (Jackson
1978). High silt loads and silt deposition are believed to be a cause of local or regional decline
(mainly though impacts on egg survival, Fulton and McDowall 1996). There is a strong
association between population abundance and the presence of cover, particularly snags
(Davies 1989). Juveniles select litter and leaf-packs in margins of runs and pools.
Koehn (1986) describes habitat preferences for adult riverine blackfish, and provides habitat
preference distributions for depth, velocity and substrate composition (Figure 3), although
from a limited data set. Water velocities < 0.2 m/s are preferred by all blackfish size classes
(Koehn 1986), and adults are recorded as preferring deeper water (> 1 m) than juveniles.
Habitat preferences overlap with brown trout, and a high degree of sympatry exists at the site
scale.
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Large blackfish (> 5 mm FL) were found to avoid depths < 20 cm, while smaller fish are
found at depths between 10 and 30 cm (Koehn et al. 1994). Small blackfish (< 55 mm FL) use
undercut banks and low density woody debris, while large fish prefer high density woody
debris (55 – 150 mm FL) and log jams (>150 mm FL).
Spawning habitat
Spawning occurs in spring to early summer, when water temperatures are above 16 deg C
(Jackson 1978). Spawning generally occurs in hollow logs with low water velocity (< 10
cm/s), mainly in pools. Spawning sites are usually associated with high cover of either woody
debris or boulders. Koehn et al. (1994) suggest that spawning and rearing sites have the same
habitat characteristics, i.e. adult blackfish use day-time rearing locations for spawning. No
specific flow cues are reported for spawning to occur, with temperature and habitat type being
the primary factors.
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Figure 3. Habitat preference curves for blackfish adults for mean water column velocity, depth
and substrate (1 = aquatic vegetation, 2 = silt, 3 =sand, 4 = gravel, 5 = pebbles, 46 = cobble,
7 = boulders, 8 = bedrock), derived from Koehn (1992) by Davies and Humphries (1995).

5.2 Pygmy perch
The pygmy perch (Nannoperca fluviatilis) is locally abundant and widespread in northern
Tasmania, in slow flowing river margins, often associated with macrophytes, or vegetated
wetlands (Kuiter et al. 1996).
Migratory requirements
None known, not migratory.

Instream rearing habitat
Strong preference for slow flowing streams with dense vegetated cover, and very low
abundance or rare occurrence in open water or high velocities (> 0.2 m/s). Kuiter et al. (1996)
call for ensuring water levels are managed to protect aquatic plant habitats in both rivers and
wetlands.

Spawning habitat
Pygmy perch reach sexual maturity in their first year, when males are about 30 mm and
females about 33 mm long (Llewellyn 1974). Breeding occurs in spring-summer (September
to January) in response to rising water temperature. Females produce from several hundred to
thousand eggs, scattered over vegetation or rocks and non-adhesive. Some risk to eggs from
unseasonal high flow events.

6. Brown trout
Brown trout (Salmo trutta) are widespread and common in Tasmania, being abundant in all
major drainages except the far south-west (Fulton 1990, Davies 1989, French 2002). Nearly
all riverine and lake populations are self-sustaining, and have been since the intensive phase
of introduction of the species between the late 1800’s and mid 1900’s. Only a portion of
coastal riverine populations is strictly migratory, typically known as ‘sea trout’ in their adult
form.
Migratory requirements
A portion of most larger river drainage brown trout populations migrate seaward at 1-2 years
of age (as ‘parr’), and return as ‘smolt’ or ‘finnock’ at ages 2-3. Local migrations occur of
riverine brown trout to suitable spawning locations either upstream in the mainstem or into
inflowing tributaries (Davies and Sloane 1987, 1988), typically in autumn (March – May).
These are also followed by return downstream movements of post-spawning adults. Juveniles
(> 0+) are known to be highly dispersive, typically moving downstream from upper subcatchments with age. Trout age/size tends to decrease downstream through a catchment (e.g.
Davies 1994).
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Jackson (1980) reported on local movement and home range sizes of riverine brown trout in
the Aberfeldy river, Victoria.. Most movements were small, indicating small home ranges for
the majority of adult trout between spawning seasons.
Instream rearing habitat
Brown trout have markedly different instream habitat requirements for different life stages.
Post emergent fry select very shallow, often marginal habitat in either riffles or channel edges,
sometimes associated with vegetation cover or cobbles. Young of the year move to slightly
deeper, faster water in mid-channel, typically in riffles. Juveniles occupy both riffle, run and
occasionally pool habitats, usually at intermediate velocities and depth. Adults tend to occupy
specific feeding positions, frequently in deeper water in pools and runs, and often associated
with one or more features such as snag cover, boulders or large cobbles. These positions
facilitate efficient energetics of feeding (Bachmann 1984). Bovee et al. (1986) and others
(e.G. Raleigh et al. 1986, Lamouroux et al. 1999, Vismara et al. 2001) provide a range of
habitat preference curves for brown trout in rivers, though most authors advocate developing
local/regional data on habitat preferences.
Davies (1994) has conducted the only assessment of riverine habitat requirements for brown
trout in Tasmania to date. Trout abundance was correlated negatively with depth, and
positively with velocity. Davies and Humphries (1995) also developed habitat preference
relationships for 0+ and YOY brown trout from South Esk basin and St Patricks River data.
These clearly sow a shift from shallow depths, low velocities and finer substrates to greater
depth, velocity and substrate sizes with age.
Koehn et al. (1994) reported significant associations between brown trout and deeper water
and low velocities, typically in pool habitats. Jowett et al. (1996) observed a lack of specific
substrate, depth or velocity preference for adult trout in New Zealand streams, but brown trout
were are in reaches with velocities < 0.15 m/s.
Hubert et al. (1996) developed a multiple linear regression equation describing 40% of the
variance in trout and habitat features from 166 stream reaches in Wyoming USA. Key
variables included elevation, slope, channel width and cover, all of which were positively
correlated with biomass. Like Davies (1989), their relationship contained interaction terms
which were negatively correlated with biomass, constraining the relationship to intermediate
elevations, slopes and channel dimensions. The latter was derived from observations of
riparian vegetation. Fausch et al. (1998) had commented on the lack of generality in such
relationships, partially due to regional variations in river characteristics (e.g. geomorphology,
natural hydrology).
Armstrong et al. (2003) provide a synopsis of habitat requirements of brown trout in streams,
including data on depth, velocity requirements for rearing, spawning, nursery and migratory
stages.
Spawning habitat
Spawning of brown trout occurs in March-May (Davies and Sloane 1988), with observations
of later initiation of spawning in west coast rivers (Davies, Sloane unpub. obs.). In a study of
brown trout in the St Patricks River system (Davies et al. 1988), Davies developed habitat
preference curve data for spawning brown trout, based on field observations of spawning
pairs and egg nests (redds). Spawning occurred preferentially on gravel patches, particularly
in channel margins and bars, in shallow faster flowing water (< 0.5 m deep and > 0.3 m/s).
Sustained baseflows are required to maintain water over such redds and to reduce the risk of
smothering with silts. Both dewatering and silting of redds have been shown to cause high
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levels of mortality of eggs and larvae, and severe reduction in subsequent recruitment (Becker
et al. 1983, Reiser and White 1983). Low flows in spring (particularly September-October)
therefore have a significant control on brown trout recruitment success (Davies 1992).
A large quantity of data was collected on spawning habitat for brown trout at Great Lake by R
Sloane, but this remains unpublished.
Habitat requirements for spawning brown trout vary (e.g. Bovee 1986, Raleigh et al. 1986),
but are generally associated with gravel substrates, moderate to high water velocities (0.3 to 1
m/s) and shallow to moderate depths (0.2 to 0.5 m). Spawning is generally considered to be
unsuccessful in cobble, boulder to sand and silt substrates. Pockets of gravel are the dominant
spawning habitat in most Tasmania streams.

7. Summary of species information
The following table (Table 1) summarises what are currently believed to be key flow
requirements of Tasmanian freshwater fish species. Management of the flow regime cannot
be divorced from appropriate management of physical, chemical and biological components
of the aquatic ecosystem.
Tasmanian native fish species require:
•
Rising flows and floods during autumn-winter to initiate movement, provide access to
spawning habitat, trigger spawning behaviour, hatch eggs and disperse larvae;
•
Floods are required during spring-early summer to initiate upstream movement of
several galaxiid species, and to trigger upstream spawning migrations of Lovettia
sealii in river mouths, and to trigger downstream migrations of adult eels;
•
Low flows and warmer temperatures are required to facilitate upstream migration of
several species;
•
Adequate baseflows in all seasons to provide suitable instream habitat including
access to cover and river banks, and to maintain water quality, food production and
refuge habitat;
•
Adequate flows and flow connectivity to maintain wetland habitats;
•
Adequate flows and connectivity to ensure passage of fish over both natural and manmade barriers.
Flow conditions may also influence the degree of impact of alien species (e.g. brown trout) on
native fish species (Closs and Lake 1996), a phenomenon observed in relation to threatened
Tasmanian native fish such as Galaxias fontanus (Jean Jackson unpub. obs.).
Instream barriers to upstream migration may pose a risk to local populations. Most Tasmanian
species are migratory and are either limited in extent by natural barriers (Walker 1999) or
locally threatened by human barriers. Sloane (1984) observed that the main upstream
migrations of Galaxias maculatus, G. brevipinnis, G. truttaceus,. Mordacia mordax and
Pseudaphritis urvillii all occurred in the months of November to January. Seasonally low
river flow during this period enhance may block migrations for these species at instream
barriers. Evaluation of flow and passage requirements for native fish at natural and man-made
barriers should be an integrated part of environmental flow management.
As shown in this review, the literature describing habitat requirements for most Tasmanian
fish is limited, and does not provide information specific river flows or flood regimes of
individual fish species or assemblages. This is not surprising, due to the high variability in the
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physical nature and hydrology of river systems and the plasticity of fish responses to
environmental conditions.
Baseflows for maintenance of habitat area, habitat quality, food resources, cover and refuge
habitat for fish species cannot be done without field assessment and reach-scale data on
habitat structure, hydrology and hydraulics.
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Brown trout

Pygmy perch

Sandy

Lampreys

Eels

Blackfish

Australian Grayling

Other galaxiids,
Neochanna and
Paragalaxiid species

Galaxias truttaceus

Galaxias brevipinnis

Galaxias maculatus

All species

Species

High flow/flood

2. Minimise barriers to tidal movement in upper estuary in April-May.
3. See Jowett (1992) for preference curves.
1. Maintain flows wetted surfaces over instream barriers close to the sea in
spring.

1. Minimise short term and rapid fluctuations in water level, to protect
habitat along channel margins.
2. Maintain baseflows to ensure inundation of channel margin macrophyte
habitats.
1. Maintain baseflows over gravel bars during winter-spring, especially
September-mid October, to protect redds and recruitment.
2. Raise baseflows over gravel bars during May-early June, to initiate and
comlete spawning.

1. Maintain slow flowing reaches with sand/silt and/or organic deposits

2. Maintain baseflows to ensure inundation of channel margin silt/sand
substrates, and bank cover (woody debris etc).
1. Maintain habitat areas with depths > 0.3 m, velocities < 0.05 m/s, and
substrates of < 1 mm size

1. Maintain feeding/rearing habitat areas with velocities < 1 m/s.

1. Maintain feeding/spawning habitat areas with velocities < 0.2 m/s and
areas with depth > 1 m.
2. Maintain baseflows to ensure availability of inundated woody debris and
snag/log jam habitat, especially in pools.

1. Maintain access to wetland habitat, and maintain water egime to protect
wetland habitat (e.g. macrophytes).

1. Ensure adequate flows and access (structures) at potential barriers.

1. At least two autumn flood events to stimulate migration to spawning
areas and spawning activity.

1. Winter-spring flood events to stimulate disturbance and development of
macrophyte habitat.

1. Spring flood events to stimulate downstream juvenile migrations.

2. Spring-summer high flow to trigger downstream spawning migration.

1. Spring flood events to stimulate elver and juvenile eel upstream
migrations.

102

2. See Bovee (1986) Raleigh et al. (1986), Davies and Humphries (1995)
for preference curves for fry, YOY, juveniles, adultsand spawning

1. Ensure adequate flows and access (structures) at potential barriers.

2. See Jellyman and Glova (2002) for preference curves.
1. Ensure adequate flows, below maxium burst speed, and access
(structures) at potential barriers.

1. Ensure adequate flows and access (structures) at potential barriers.

1. Summer-autumn flows (e.g. releases or takes) are managed to ensure
temperatures > 11 degC before late autumn to aid downstream migration.

1. Late autumn -winter floods (minimum of two during April-June) to trigger
1. Ensure adequate flows and access (structures) at potential barriers.
egg development and spawning.
1. Ensure flows are managed to ensure temperatures > 16 degC by late
spring for spawning.
2. See Koehn (1992) and O'Connor and Koehn (1996) for preference curve
data

1. For Neochanna - as for G. maculatus

2. As for G. maculatus.

1. As for G. maculatus

1. Maintain flows below burst swimming maximum at barriers to passage.

2. Autumn high flow to trigger downstream spawning movement

Other

1. Spring flood events to stimulate whitebait migration.

1. Flood events required to maintain habitat for benthic invertebrate food
production.

1. Maintain feeding habitat areas with variety of velocities > 0.5 m/s where
1. As for G. maculatus
possible.
2. Autumn floods (minimum of two during April-June) to trigger spawning,
egg hatching and facilitate downstream movement of larvae
1. Maintain feeding habitat areas with velocities < 0.2 m/s and depths > 0.5
1. As for G. maculatus
m.
2. Maintain baseflows to ensure availability of inundated cover habitat,
2. As for G. maculatus.
especially in pools, for protection from bird/trout predation.

2. Maintain flows to reduce risk of high temperatures and low DO during
summer.
3. Maintain baseflows to secure minimal habitat area/volume for each life
stage.
4. Maintain natural seasonal pattern of baseflow amplitude..
1. Maintain feeding habitat areas with velocities < 0.15 m/s and depths
between 0.2 and 0.4 m.

1. Maintain habitat for benthic invertebrate food production.

Baseflow

Table 1. Flow requirements for Tasmanian native fish species and brown trout.
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Background
The Water Assessment and Planning (WAP) Branch, DPIWE is developing a method for
recommending holistic environmental flow regimes for Tasmanian catchments. Estuarine
processes, particularly those which rely on freshwater inputs, have been identified by the
WAP Branch as one of four broad ecosystem components1 that should be included in a
holistic flow regime. WAP has identified that there is a significant knowledge gap regarding
the freshwater flow requirements to maintain natural ecological processes in estuaries,
including the relative importance of different flow components for estuaries.
Flow components identified by WAP as contributing to a holistic regime include:
•

Cease-to-flow events

•

Low flows

•

High flows

•

Within-year freshes or pulses (occurring in both low and high flow periods)

•

Large scale events, such as riparian and floodplain floods

These components will vary in magnitude, frequency, duration, timing and predictability.
The aim of this report is to:
•

Provide a comprehensive review of the freshwater flow requirements of Tasmanian
estuaries, particularly those flow requirements necessary to maintain ecological health
and integrity.

•

Provide baseline information towards the development of general guidelines regarding the
flow requirements for estuaries, to be used in recommending environmental flow regimes
for Tasmanian catchments.

Flow effects on anadromous (eg. whitebait), diadromous (eg. jollytails and grayling) and
catadromous species (eg. eels) are addressed separately under the ‘instream processes’
component.

1

The other three broad ecosystem components identified relate to the riverine ecosystem and are,
instream processes (species recruitment and migration, habitat availability, nutrient cycling, etc),
riparian vegetation processes (recruitment, germination and community dynamics, etc) and
geomorphological processes (sediment transport, channel formation, floodplain connectivity, etc)
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Legislation and policy
The Tasmanian Water Management Act 1999, provides the legislative framework to identify
the freshwater flow requirements of Tasmania estuaries. Under the Act (section 14) water
management plans are to include environmental objectives, a description of the water regime
that best gives effect to those objectives and its ability to achieve those objectives, and an
assessment of likely detrimental effects on the quantity of water. The Act is also clear that
the water needs of major ecosystems that depend on the water resource must be recognised in
day to day management decisions where water management plans do not exist (sections 6 and
8)
The National principles for the provision of water for ecosystems (ARMCANZ and ANZECC
1996) state that the goal of providing water for the environment is to sustain and where
necessary restore ecological processes and biodiversity of water dependent ecosystems.
Water dependent ecosystems are defined as “those parts of the environment, the species
composition and natural ecological processes of which are determined by the permanent or
temporary presence of flowing or standing water”, and include estuaries.
The Tasmanian water for ecosystems policy recognises the national principles and, thus, the
environmental water requirements of estuaries. The State policy provides guidelines to assist
in determining the environmental water requirement (EWR); that is, a description of the water
regime needed to sustain ecological values of aquatic ecosystems at a low level of risk. The
current recommended methodology to determine the EWR is based on whether the aquatic
ecosystem is defined as being ‘stressed2’ or ‘unstressed’.
For stressed aquatic ecosystems and unstressed, but regulated, systems, the general indication
is that the EWR will be identified using an holistic assessment (i.e. at least spawning flows,
flushing flows and channel maintenance flows) using a range of relevant scientific methods.
For unstressed aquatic ecosystems where no detailed information is available, the EWR is
determined using a hydrological ‘desktop’ method3.
The National Water Quality Management Strategy, national Framework for Marine and
Estuarine Water Quality Protection and the State Policy on Water Quality Management 1997
are policy documents that should be recognised when identifying freshwater flows. While
primarily aimed at the impact of land-based pollutants on water quality, issues such as
nutrients and sediments are often strongly linked to the volume and timing of freshwater
reaching estuarine waters.
The process for water quality management involves the setting of protected environmental
values (PEVs) and water quality objectives (WQOs) for water bodies, including estuarine
areas and coastal waters. Protected environmental values are the current uses and values of a
waterway and have been developed through community consultation for surface waters in
most Tasmanian estuaries. However, PEVs are largely generic in nature. Relevant estuarine
PEVs are related to whether the ecosystem is considered near-pristine4 or modified and for
modified systems whether edible fish can be harvested. Recreational water quality (ie.

2

A stressed aquatic ecosystem is defined as exhibiting significant scientific evidence for degradation
related to the allocation of water, or which does not receive the full EWR as estimated using the
relevant methodolgy.
3
The WAP Branch has indicated that desktop methods have been rarely used with most systems
assessed using habitat-based assessment methods.
4
“Pristine” means waters not subject to human interference through discharges or other activities
within the catchment (Australian Water Quality Guidelines 1992).
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primary contact, secondary contact, or aesthetics only) and whether the system supplies water
for industry are the other relevant estuarine PEVs.
Community water values determined during the community consultation of the PEVs setting
process may be considered when undertaking an appraisal of water quantity values during the
water management planning process. Categories of water quantity values identified for
Tasmania are: ecosystem values; physical landscape values, consumptive and nonconsumptive values; recreation values; and aesthetic landscape values.
Estuarine value assessment is identified as a critical phase in two major frameworks of
freshwater flow identification for estuaries (Pierson et al. 2002; Adams et al. 2002).
Therefore, protected environmental values, community water values, water quantity values
and water quality objectives, for Tasmanian estuaries should consider the values that are
likely to be impacted by changes to freshwater flow.

Estuarine boundaries
The National principles for the provision of water for ecosystems (and thus, the State policy)
do not include coastal or marine waters within the definition of water dependent ecosystems.
Therefore, for administrative requirements, the precise seaward geographic boundary must be
defined when investigating flow requirements of estuaries. For the purposes of this review,
the definition used is that of a line between headlands on either side of the entrance to the
estuary, that has been applied globally (Ketchum 1983), nationally (Heap et al. 2000) and
within Tasmania (Edgar et al. 1999), and that meets the requirement of a more general
definition that estuaries are semi-enclosed.
Notwithstanding this, it is recognised that freshwater and brackish plumes from large rivers
can extend some distance offshore and that correlations have been shown between freshwater
flow and ecological responses (eg. migration cues, time-lagged seafood catch) within the
‘offshore’ marine environment. Except for the Huon and Derwent Rivers, where complex
hydrodynamic models that incorporate some coastal waters are being developed, it is unlikely
that sufficient information exists to review freshwater flow requirements beyond the
geographic mouth of any estuarine system within Tasmania. Indeed, flows for the middle and
lower estuary were not even included in a recent environmental flow study of the lower
Derwent River (a relatively well studied estuary) due to a lack of data for those areas of the
estuary (Davies et al. 2002a).
The upstream limit of estuaries is often defined geographically by cessation of bank
separation, or by location relative to contours, as indicated on a topographic map (Heap et al.
2000, Edgar et al. 1999). While this definition may be appropriate for studies with a
geomorphic focus, it does not adequately address all parts of the estuarine system relevant to
environmental flows. For this review, this boundary is defined as the maximum upstream
limit of saline incursion (or where river levels are no longer changed by tidal levels), as this
recognises the process focus of defining environmental flows and the variable and fluctuating
nature of these processes. Importantly, ecosystems considered in a freshwater flow
assessment should demonstrate continuity between the riverine and estuarine components.

Tasmanian estuaries
The terminology used to describe different types of estuaries is varied and can be confusing to
the general reader. Most classifications are based on the geomorphology of the estuary,
although some systems incorporate physio-chemical attributes such as salinity. It is important
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to recognise that potential threats to ecosystem integrity from altered freshwater flows are
likely to differ between types of estuaries.

Two major geomorphic classifications of Tasmanian estuaries have been conducted.
Heap et al. (2001) classified all Australian estuaries, recognising 116 estuaries within
Tasmania, and the derived terminology was used to define estuarine type within the
National Land and Water Resources Audit (2002). Classification was based on initial
modelling of the ratio of wave, tide and river energy at the mouth of the estuary and
then incorporating the geomorphology of each estuary within the model. This
resulted in seven sub-classes of estuary within the three more general energy-based
classes. These were:
•
•
•
•
•
•
•

strandplain
tidal flat/creek
tide-dominated estuaries
tide-dominated deltas
wave-dominated estuaries
wave-dominated deltas
other (eg. drowned river valleys, coastal embayments and coastal lagoons)

Given the relatively high energy coastline of Tasmania, it is not suprising that the
majority of Tasmanian estuaries were initially classified as wave-dominated systems.
Over half of the Tasmanian estuaries were within the ‘other’ sub-class with the
majority of the remainder being wave-dominated estuaries or, to a lesser extent, wavedominated deltas.
The predominance of wave dominated systems within Tasmania may have important
implications for ecosystem health of these systems. Wave-dominated estuaries and ‘other’
classes tend to be smaller and less diverse than tidal-dominated systems and geometric data
suggests they may be more susceptible (moderate to high risk) to deterioration in water and
sediment quality. Significant threats to habitat integrity within wave-dominated systems that
may be relevant to altered freshwater flows include, sedimentation from catchment and
marine sources, nutrient and toxicant loadings, and persistent stratification and hypoxia of
bottom waters (Heap et al. 2001).
Edgar et al. (1999) recognised 111 estuaries within Tasmania [five enclosed marine waters
not recognised as estuaries by Edgar et al. (1999) were included as estuaries by Heap et al.
(2001)]. Geomorphology and physio-chemical attributes (primarily size, barrier presence,
and tidal, salinity and rainfall characteristics) were used to classify these estuaries into nine
groups. These were:
•
•
•
•
•
•
•
•
•

barred, low salinity estuaries
open estuaries
marine inlets and bays
hypersaline lagoons
large mesotidal river estuaries
mesotidal drowned river valley
microtidal drowned river valley
large open microtidal river
barred river

The majority of Tasmanian estuaries were classified as either barred, low salinity estuaries
(25%), open estuaries (24%), large mesotidal river estuaries (15%) or marine inlets and bays
(14%).
Of nine major threats to the ecosystem structure and function identified by Edgar et al.
(1999), increased siltation, increased nutrient loads, and water flow modifications were
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identified as primary influences on estuarine health. However, no attempt was made to
associate the relative impact of these threats on different types of estuaries.
The classification of Tasmanian estuaries by Edgar et al. (1999) forms the basis for defining
estuarine type, and thus, identifying the interim conservation values of Tasmanian estuaries
currently being undertaken by the CFEV project. Appendix 1 lists Tasmanian estuaries, their
conservation banding (CFEV 2005), grouping and conservation significance as recognised by
Edgar et al. (1999) and condition, class and sub-class of the National Land and Water
Resources Audit (2002).

Literature review - Summary
Two major compilations of papers on freshwater inflow to estuaries were identified; Cross
and Williams (1981) and Estuaries 25 6B (2002).
Cross and Williams (1981) presents the proceedings of a national symposium on freshwater
inflow to estuaries within the United States. The symposium was convened by the US Fish
and Wildlife Service to identify the issues regarding freshwater flow to estuaries and to
identify potential solutions and recommendations to deal with those issues. The development
of optimal salinity regimes for US estuaries was identified as a primary management
objective, with optimal sediment and hydrologic regimes as related objectives.
Papers in the Estuaries (2002) issue were presented at a special session of the Estuarine
Research Federation 2001 conference in Florida, entitled “Freshwater inflow: Science, policy
and management.” Case studies were presented from estuaries in Australia, South Africa and
the United States, with a summary of conclusions from the session present by Montagna et al.
(2002). The South African process was identified as the best example of incorporating
explicit value judgments when setting freshwater flows.
However, the data intensive nature of such sophisticated biological and modelling approaches
was emphasised and that, alternatively, a few simple principles may suffice for setting flows
where there are limited competing demands. The relatively limited understanding of
estuarine processes suggests that decisions related to freshwater flow allocations should adopt
an adaptive management strategy (Montagna et al. 2002). Even where many millions of
dollars were spent annually on monitoring, such as the San Franciso estuary, current
knowledge of flow effects did not adequately support decision making and the widely adopted
salinity standard (i.e. position of bottom salinity at 2 ppt) is regarded by some as a crude
management tool (Kimmerer 2002).
Pierson et al. (2002) provided a review of the “Environmental water requirements to maintain
estuarine processes” within Australia and produced a checklist of major ecological processes
by which changes to freshwater inflow may cause impacts on estuarine ecosystems. The
issues identified in this review drew heavily on a review of the effects of flow regulation on
marine fish and invertebrates (Drinkwater and Frank 1994) and the South African (Adams
pers. comm., subsequently presented in Adams et al. 2002) and the United Kingdom (Binnie
et al. 1998, not cited here) procedures for determining freshwater flow requirements for
estuaries.
The main estuarine ecological processes influenced by low flows were related to altered water
quality parameters in bottom water (eg. lowered dissolved oxygen), impacts on biota from
elevated salinity, transport of eggs and larvae and aggravation of pollution. Middle and high
magnitude flows primarily affect sediment flushing and channel maintenance of the estuary
bed and the input of nutrients and sediments. Altered salinity gradients, availability of habitat
and connectivity with adjacent water bodies were associated with both low and middle/high
flows (Pierson et al. 2002).
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Pierson et al. (2002) then used an ecological process checklist to provide an adaptive
management methodology to assess the risk to Australian estuarine ecosystems associated
with reduced flows. Defining the flow issue, including the value, vulnerability and changes to
flow of the estuary, was identified as a preliminary phase in the methodology. A detailed
phase incorporating flow scenarios, modelling of key processes, risk assessment and an
adaptive management framework is then described.
Three broad approaches to setting freshwater allocations were identified and discussed.
These were, a risk assessment approach (eg. where abiotic (eg. hydrodynamic) aspects are
investigated and inclusion of biotic components (if at all) is determined through a risk
assessment), a resources-based approach (eg. where an important fishery drives the
environmental flow requirement), and the holistic approach (eg. where processes through
different trophic levels are integrated) (Taljaard et al. 2004). It should be noted that, in most
instances, the holistic approach would incorporate aspects of both the risk assessment and
resources-based approaches.

South Africa
Given the focus on the South African model in the symposium/workshops listed above, a
summary is given below.
South Africa follows an ecosystem (holistic) approach in recommending freshwater flow
requirements for estuaries (Adams et al. 2002, Taljaard et al. 2004). This is based on an
understanding of the effects of changes of flow on abiotic components and the subsequent
response of the biotic components to those abiotic changes. Flows are broadly categorised
into seasonal flows and floods.
For seasonal flows, the typical abiotic states of an estuary are primarily defined in terms of
salinity penetration and the state of the mouth against measured (and simulated) river flow
(eg. ‘< 3 m3/s, mouth closed off to sea’; ‘3 – 10 m3/s, marine dominated, freshwater only
present in upper reaches’; etc.). In addition, the abiotic state can be characterised in terms of
i) salinity profile, ii) retention times, iii) tidal amplitude, iv) tidal velocity, and v) common
physio-chemical characteristics (eg. temp, pH, DO, turbidity/SS, nutrients). Changes in the
occurrence and frequency of abiotic states are then modelled (using median monthly flows
over a 50 – 70 year period) under natural, present and future flows scenarios.
Biotic responses to change in the abiotic state are predicted for micro-algae, macrophytes,
benthic invertebrates, fish and birds (studies are conducted sequentially, in ascending trophic
order). For each functional group, the response of biotic components to changes in abiotic
characteristics, habitat and food source are defined in terms of species richness, abundance
and community composition.
Central to recommending freshwater flows requirements, is defining the desired future state
of an estuary which is based on the present health and ecological importance of each estuary.
The present health of an estuary is determined by weighted scoring of a range of abiotic and
biotic components (using data where available or expert opinion) in terms of their similarity
to the presumed natural condition5. One of six health indices are allocated, ranging from
‘unmodified, natural’ to ‘extremely degraded’6 [Although using different components, this is
similar to the condition assessment of the NLWRA (2002) for all Australian estuaries (four

5

Importantly, natural temporal variability in reference estuaries must be considered to avoid over (or
under) estimation of freshwater requirements
6
It is important to note that health indices below ‘unmodified, natural’, are not necessarily a result of
reduced river inflow or water quality, but may be due to developments or modifications within the
estuary itself.

116

categories, ‘near-pristine’ to ‘severely modified’) and the naturalness assessment of Edgar et
al. (1999) for all Tasmanian estuaries (six categories, ‘pristine’ to ‘severe impact’)].
The relative ecological importance of all South African estuaries has been determined (again,
using data where available or expert opinion) by weighted scoring of a range of components
such a size, rarity, habitat diversity, biodiversity and function. One of four importance
indices are allocated, ranging from ‘protected area ’ to ‘low-average importance’ [This is
similar to the conservation significance classes of Edgar et al. (1999) (five categories, ‘critical
conservation’ to ‘low conservation’ significance) and the interim conservation value bands of
the CFEV project (three interim bands, high to low) for Tasmanian estuaries].
The recommended desired future state of an estuary is then based on allocating health index
categories with respect to the ecological importance (eg. the desired future state of a
‘protected’ estuary should be the health category ‘unmodified, natural’). To recommend flow
requirements, a range of flow scenarios are modelled to determine their impact on the health
category. The recommended flow requirement is then determined to be the scenario that
represents the largest modification to river flow whereby the health index category does not
reduce to a lower category7. To take account of natural variability, the flow allocation is set
as a scenario over a 50 – 70 year period.
Where developments are likely to affect floods (e.g. large dam developments), flood flows are
included in the flow scenario models. The impact on sediment processes (eg. physical
habitat) is considered the major impact associated with changes in the flood regime, therefore
changes in sediment processes are scored within the health index category.
The review and consultation processes for setting freshwater allocation for South African
estuaries is summarised as:
•

Initial meeting – define resources (geographic boundaries)

•

Field studies and specialist assessments

•

Special workshop – recommended state, recommended flow allocation, effect of a
selection of flow regimes

•

Stakeholder consultation – industries, agriculture, etc.

•

Government approved state

•

Specialist workshop – flow allocation for approved state, quality objectives, monitoring
program.

Freshwater flow requirements of Tasmanian estuaries
Data
The freshwater flow requirements of Tasmanian estuaries are poorly studied, with the upper
Derwent estuary (Davies et al. 2002a) and Pitt Water (Davies et al. 2002b) being the only
systems where a flow regime has been. The Tasmanian Aquaculture and Fisheries Institute is
currently undertaking a project to determine ‘Environmental flow regimes for estuarine health
and productivity’ in Tasmanian estuaries, using Little Swanport as a regional case study.

7

The two lowest health indices (extremely and highly degraded) are not considered valid management
options. If an estuary is classified in either of these categories, recommendations must be made as to
how the status can be improved to at least the next category (i.e. largely modified) (Adams, et al. 2002)
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General studies of Tasmanian estuarine ecology and functioning have tended to concentrate
on large estuaries such as the Derwent River (Green and Coughanowr 2003, Davies et al.
2002a), Tamar River (Pirzl and Coughanowr 1997), Huon River (Butler et al. 2000), Bathurst
Harbour (Edgar and Cresswell 1991) and Macquarie Harbour (Koehnken 1997). However,
these large estuaries are considered atypical of the most common types of estuaries in
Tasmania, representing all five of the drowned river valleys (Edgar et al. 1999) and, with the
exception of Macquarie Harbour, being tide-dominated systems (Heap et al. 2001). As
previously described, the majority of Tasmanian estuaries are classified as either barred, low
salinity estuaries, open estuaries, large mesotidal river estuaries or marine inlets and bays
(Edgar et al. 1999) and are predominantly wave-dominated systems (Heap et al. 2001).
Edgar et al. (1999) presented geo-morphological and catchment use data for all Tasmanian
estuaries, and collected or collated benthic macro-invertebrate distribution, fish abundance
and preliminary physio-chemical water quality data for a large subset of these estuaries. The
work of Edgar et al. (1999) was further developed by Murphy et al. (2003) by providing a
detailed analysis of water quality parameters for 22 Tasmanian estuaries, representing a range
of estuarine types. Geo-morphological characteristics of most Tasmanian estuaries have been
described by Heap et al. (2001). Aspects of these studies and other relevant data for
Tasmanian
estuaries
has
been
collated
on
the
OzEstuaries
website
(http://www.ozestuaries.org/), including a preliminary condition assessment for each non
near-pristine estuary.
The OzEstuaries website provides, among other things, conceptual model diagrams (eg.
physical characteristics, habitats, hydrology, sediment transport and nitrogen dynamics) and
descriptions of key features of each of the geomorphic estuarine classes of Heap et al. (2001).
Information regarding the geomorphic evolution of estuaries and coastal waterways,
characteristic estuarine sedimentary habitats and indicators of estuarine stressors (including
environmental flows) are also available on OzEstuaries.
Summary statistics of coupled biological-physical estuarine models for most non near-pristine
estuaries, using data from OzEstuaries, are available on the Simple Estuarine Response Model
II (SERM II) website (http://www.per.marine.csiro.au/serm2/index.htm). SERM II consists
of a simple circulation model and a more complex bio-geochemical/ecological model.
Although the simulations are estuary-specific, local data refinement and model testing is
required before a management use is adopted. However, the SERM II results may provide a
useful first ‘guess’ about the behaviour and response of specific Tasmanian estuaries to
altered freshwater flow regimes.
Davies et al. (2002a) emphasised that the inability to model the influence of river flows and
sediments loads on sedimentary and geomorphological process within the Derwent estuary
(due to no available information) was a significant gap in assessment of key ecological
process for the environmental flow assessment. The response to nutrient loads, through
coupling of the pelagic and benthic systems, and sedimentary nitrogen cycling are other key
ecological process identified within estuarine systems (Harris et al. 1996) but where
knowledge for Tasmanian estuaries is likely to be poor.
Given the lack of specific knowledge of ecological processes within most Tasmanian
estuaries, the following review of freshwater flow requirements is, by necessity, based largely
on the authors’ knowledge of these systems and is qualitative and descriptive in nature. The
flow requirements to maintain ecological health and integrity described are those considered
to best mimic the natural volume and timing of freshwater flow.
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Estuarine geomorphic evolution
When considering how altered freshwater flows may impact on an estuary, it is important to
recognise that the geomorphic type of estuary is not fixed. Rather, each estuary is at a
different stage in its evolutionary continuum, with development progression based largely on
sea level history and sedimentation (eg. fluvial, marine) rates. For example, coastal
embayments on wave-dominated coastlines (ie. most of Tasmania) tend to form a sand barrier
and become a wave-dominated estuary. Sediment from the catchment then tends to fill in the
central basin of the estuary (forming intertidal and terrestrial environments) and a river
channel with a more direct connection to the sea is formed, resulting in a wave-dominated
delta. In a wave-dominated delta, total energy is relatively high along the channel and
sediment is transferred to the ocean rather than becoming trapped (Roy et al. 2001). It should
be noted that rising sea level may reverse this process, with, for example, a wave-dominated
estuary reverting to a coastal embayment.
Due to the highly dynamic nature of coastal systems, many of these changes can occur
relatively rapidly (on a geological timescale) and be significantly altered through
anthropogenic causes (eg. dredging, artificial entrances, catchment clearing, etc). The
evolutionary nature of estuarine systems means that habitats and ecological processes within
an individual estuary will change correspondingly. Natural maturation of a wave-dominated
estuary to a wave-dominated delta will result in increased turbidity, loss of some habitats and
a reduction in species diversity (Roy et al. 2001). Consequently, management decisions
regarding freshwater flow must consider how management objectives relate to the
evolutionary state of the estuary, particularly with respect to channel maintenance,
sedimentation rates and habitat availability.

Depositional (functional) environments
Roy et al. (2001) described four main sedimentary environments common to south-east
Australian estuaries (eg. marine delta, central basin, fluvial delta, riverine channel) and that
each zone has characteristic water quality, nutrient cycling/primary productivity and ecology.
They argue that management objectives should be framed with respect to each functional
zone. This approach is considered appropriate to assessment of freshwater flow requirements
as it is based on the causal factors of geomorphology and the immediate environmental
factors (eg. salinity and sediments) associated with ecological distributions.

Sedimentary environment including entrance closure
In general, a reduction in the base freshwater flow to a wave-dominated estuary will result in
a corresponding reduction in catchment sediment delivery and deposition within the estuary.
Reduced flows may cause a reduction in river energy at the mouth of the estuary, resulting in
increased deposition of marine sediments and, potentially, mouth closure. Extended mouth
closure will stop physical connectivity with marine waters and alter hydrodynamics within the
estuary, including altering habitat availability for fishes and birds (eg. foraging on inter-tidal
flats).
However, sediment loads and sedimentation rates are likely to have increased significantly in
many Tasmanian catchments due to vegetation clearing and intensive agriculture. As such, a
scenario of reduced base flow will not necessarily result in a corresponding reduction in
sedimentation from historic ‘natural’ levels (although large dams can act as sediment traps
within the catchment). Considerations of changes in sediment loads relative to flow are
therefore essential in setting a freshwater flow regime. In particular, wave-dominated
estuaries and coastal lagoons have a high sediment trapping efficiency and are highly
susceptible to increases in the magnitude of fluvial sediment loads. In south-western
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Australian estuaries, Radke et al. (2004) demonstrated that most water quality problems occur
in association with soil erosion and suggested that flushing (i.e. high flows) may moderate the
impact of sediment loads.
In contrast, flood events may result in either deposition or erosion of sediments within the
estuary and outcomes from extreme flooding are likely to be instantaneous and highly
unpredictable. As such, extreme flooding may in some instances be viewed as being
incompatible with particular values and management objectives (eg. marine farming).
Edgar and Barrett (2000) demonstrated that an increase in population within a catchment was
associated with an increase in the silt/clay sediments in the upper and middle reaches of
Tasmanian estuaries, with a corresponding reduction in the number of epifaunal to infaunal
benthic species.

Physio-chemical environment
The physio-chemical environment within an estuary is most commonly described in respect to
the salinity gradient. Salinity is regarded as a key parameter in determining distribution of
species and, as such, has been used as a habitat proxy and management objective in setting
freshwater flow regimes (Kimmerer 2002, Adams et al. 2002, Davies et al. 2002a).
Seasonally, salinity within most Tasmanian estuaries can be highly variable (particularly
where there is a significant riverine input) ranging from totally freshwater (0 ppt) to marine
(30-35 ppt), throughout much of the system. Under low flows, hyper-salinity (> 36 ppt) can
occur towards the head of the estuary in some systems. Variability in salinity, seasonally and
by depth, is most likely to be highest towards the head of the estuary (Murphy et al. 2003).
Although most species have specific salinity requirements, estuarine biota (particularly
benthic species) are exposed to a wide range of salinities, sometimes over relatively short
time scales such as days. Altered distributions of benthic species that undertake significant
bio-turbation of sediments (thus influencing key biogeochemical processes) may be an
important aspect of salinity changes through altered flows.
Unless physical structure (eg. artificial barrages, natural barriers) prevents further upstream
movement of bottom water, reductions in base flows are likely to result in increased
penetration of marine water within an estuary, thus altering habitat availability.
In contrast, flood flows may replace the entire volume of an estuary for the duration of several
days. But under a resumption of base flows, normal salinity distributions will return over the
course of several days in small estuaries (Murphy pers. obs) to several weeks in larger, more
physically complex systems (Freshwater Systems 2002).
Outside of Tasmania, salinity triggers and salinity gradients within estuaries have been the
focus of studies regarding migration (eg. salmonids) and the spawning and recruitment of
commercial fishes (eg. barramundi, prawns, etc). However, no commercial fisheries exist in
Tasmania for species that depend on estuarine salinity triggers (other than those addressed in
the instream processes review). Black bream are the only recreational species within
Tasmanian estuaries that are likely to require salinity or flow related triggers for
spawning/recruitment and this aspect of their biology is currently the focus of studies
conducted at TAFI (cf. Victoria and WA studies). The movement of marine fish species into
an estuary may be associated with increases in salinity through reduced flows.
Dissolved oxygen (DO) is a critical requirement for species survival and is a key indicator of
estuarine health. As such, monitoring of dissolved oxygen (particularly in bottom water) has
been recommended for condition assessment of the Huon estuary (Butler et al. 2000) and as a
key response variable to freshwater flows for the Derwent estuary (Davies et al. 2002a).
Hypoxia and anoxia in estuarine bottom water may occur during distinct stratification and
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increasing residence time of bottom waters. These conditions are most likely to occur within
wave-dominated estuaries and may be related to low flows and mouth closure.
Reductions in DO concentrations within estuaries are most commonly associated with
eutrophication and associated high nutrient loads. While the combination of factors that may
lead to low DO occurring within an estuary are complex, increased residence time, increased
nutrient loads and decreased nutrient dilution are all contributing factors that may be
associated with changes to the freshwater flow regime.
Oxygen depletion is particularly important within estuarine systems as denitrification
efficiencies may be lowered, resulting in further releases of nutrients from estuarine
sediments that help sustain algal blooms and resupply organic matter to the sediments
(Heggie et al. 1999). In addition, low DO is conducive to the build-up toxic compounds in
sediments and even short periods of anoxia can cause significant mortality in fishes and
benthic organisms.

Nutrients
A reduction in base flows to an estuary will most likely result in a corresponding reduction in
nutrient loads from the catchment. However, as with sediment loads, nutrient loads may also
have increased significantly in many Tasmanian catchments due to vegetation clearing and
intensive agriculture. As such, a scenario of reduced base flows will not necessarily result in
a corresponding reduction in nutrient loads from historic levels.
Webster and Harris (2004) emphasised that nutrient inflows to south-eastern Australian
coastal lagoons (eg. wave-dominated estuaries) are dominated by intermittent extreme events,
due to highly sporadic rainfall patterns. These systems tend to be nutrient poor in their
natural state with most nutrient inflow occurring during intermittent flooding events. The
authors further suggest that it is the highly episodic nature of loads to these estuarine systems
that is a key determinant in their biogeochemical responses resulting in an increase in
vulnerability to nutrient loads. As such, systems subjected to episodic loads (i.e. flood flows)
are more susceptible to algal blooms than those subjected to more steady loads (i.e. base
flows). It is further suggested that coastal lagoons can be very sensitive to changes in
flushing times through freshwater flow regulation.
In addition to nutrients entering an estuary from the catchment (ie. riverine input), point
sources of nutrients within estuaries may include wastewater treatment plants, stormwater,
aquaculture facilities and industrial outfalls. Depending on the specific location of these point
sources within an estuary, reductions in freshwater flow may correspondingly reduce dilution
of nutrients entering the system from these sources. Therefore, an environmental flow regime
must consider changes to nutrient loads from anthropogenic impacts within the catchment and
the dilution of nutrients within the lower estuary. Marine water can also be a significant
source of nutrients within an estuary, particularly Southern Ocean water within Tasmania
(Butler et al 2000, Davies et al. 2002b).
However, high nutrients concentrations per se are not necessarily responsible for a change to
ecosystem health (eg. algal blooms) within an estuary. Nutrients within the water column
may pass rapidly through the estuary where residence times are low, such as tide-dominated
systems and within some wave-dominated deltas. Indeed, recent research within Australia
suggests that the sediments (and the benthic communities) are the most sensitive component
of (shallow) estuarine ecosystems to nutrient enrichment and therefore management
objectives should be based on sediment indicators (eg. carbon loading, denitrification
efficiencies and benthic production: respiration ratios) (Eyre and Ferguson 2002, Heggie et al.
1999). Eyre and Ferguson (2002) provide a simple trophic classification scheme and
recommend that management objectives for estuaries should be based on carbon loading rates
(rather than inorganic nutrients) to achieve a desired trophic state. Where applicable, an
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environmental flow regime should therefore take account of carbon loading and potential
changes to the trophic state of the estuary.

Primary productivity and algal blooms
A number of factors relevant to freshwater flows are likely to affect plant growth (eg.
phytoplankton, macroalgae, seagrasses, microphytobenthos) within an estuary; including
residence time, salinity, mixing characteristics, nutrient availability and light penetration (eg.
turbidity, tannin). An increase in phytoplankton is often the first visible sign that an estuary is
becoming eutrophied (http://www.ozestuaries.org/) and that fundamental ecosystem processes
may be compromised. Wave-dominated systems, such as wave-dominated estuaries and
coastal lagoons, are the most susceptible to algal blooms, providing the generally calm or
stratified conditions that support blooms. In Tasmania, these conditions are most likely to
occur towards the head of the estuary (Murphy et al. 2003). Blooms may often occur after
high flow events where there are high nutrient loads. Webster and Harris (2004) indicated
that the highly episodic nutrient loading in coastal lagoons increased their vulnerability to
phytoplankton blooms. Algal blooms can impact on estuarine habitats such as seagrass beds
(reducing light availability), cause mortality in estuarine species or aquaculture product
(reduced DO) and reduce recreational amenity.
It is assumed that the abundance of animals in an estuary is linked to the levels of primary
production. Indeed, a certain amount of increased productivity within an estuary may be
considered beneficial by some sectors (eg. shellfish aquaculture) and should be considered
within management objectives of a flow regime.
In the Pitt Water estuary, Davies et al. (2002b) concluded that freshwater flows in the high to
flood range were essential for maintaining silicate levels within the estuary that sustain
diatom algal populations, a favoured food source for commercial oysters within the system.

Lateral connectivity
Although quite rare, meromictic lakes are known to exist in Tasmania. These are recognised
as incredibly sensitive habitats that require a specific balance between freshwater flows and
saline intrusion. As such, since these lakes rely heavily on saline recharge from estuarine
waters, any environmental flow regime that is set for catchments where these lakes occur,
should be cognisant of their special needs.
Saltmarshes are also recognised as sensitive areas being assigned a critical conservation status
through the Regional Forestry Agreement (RFA) process. Within the broad category of
saltmarshes there is a recognised distinction between emergent and submergent marshes. It is
difficult to determine the elevation at which the transition between emergence and
submergence occurs and is subject to ongoing debate, as it is not only influenced by the tides,
but also, in lagoons and estuaries, by water levels related to river flow (Phleger 1977).

Guidelines for freshwater flow requirements for Tasmanian
estuaries
The distinctive nature of Australian estuarine ecosystems was highlighted by Pierson et al.
(2002) regarding freshwater flow requirements. Characteristics such as the complexity of
water masses, generally no direct relationship between depth and flow, a generally diverse
biota, that flow has the ability to impact on mouth geomorphology (and thus, marine
connectivity) and a poor knowledge base were regarded as features distinguishing estuaries
from freshwater systems.
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“As a consequence, it is not a simple issue to establish an appropriate amount of fresh water
flow for an estuary, both technically (due to the many complex physical, chemical, biological
processes in estuaries) and socio-economically (due to the many competing uses for water
within and between estuarine water users and those that may exist upstream)” (Pierson et al.
2002).
The authors recommended further that, currently:
•

“….estuary managers should accept that precise quantitative answers cannot be provided
regarding the impact of inflow reductions on the ecology of estuaries”

•

“….an adaptive management approach with a risk-based assessment (although not ideal
given initial uncertainty and potential for change to flow regime) is all that is possible
given the paucity of relevant knowledge”

•

“….any implemented flow regime be viewed as an interim condition to be revised once
substantial knowledge is gained through research and monitoring”

•

“….to account for the potentially high level of ecosystem complexity a range of
ecosystem components (ie. holistic approach) should be targeted”.

The environmental flows report and framework of Pierson et al. (2002) provides a generally
thorough review of the major ecological processes influenced by freshwater flow in
Australian estuaries and a logical approach to addressing these issues in developing a flow
regime.
Most of the 10 key steps in the estuarine flow methodology identified by Pierson et al. (2002)
are relatively time and cost effective, relying on expert opinion of available information and
policy/management directives. However, it is the detailed investigative phase Step 1
(‘Examine the likely impact of current water use on transport, mixing, water quality and
geomorphology using catchment runoff and estuarine flow models’) and Step 4 (‘Assess the
risk to estuarine biota’), that are considered both the most important and most difficult steps
(given lack of data) to determining freshwater flow requirements for Tasmanian estuaries.

Function of freshwater flows
To assist in determining the effect of freshwater flow on estuaries (and thus management
objectives), it may be useful to consider the major functions of freshwater flow on estuarine
processes as consisting of:
•

Mechanical processes: Whereby the physical force of freshwater flowing through the
estuary impacts on geomorphic processes. In particular, high flows will tend to flush
sediments and organic material from the estuary, maintain channels and breach or widen
sand barriers at the mouth of wave dominated estuaries. Low (base) flows may be of a
sufficient magnitude to ensure estuary barriers remain open. Flow (in addition to wind
and tide) will contribute to the mechanics of mixing within an estuary.

•

Sediment/nutrient delivery: Catchment sediment and nutrient delivery to estuaries is
transported by freshwater and tends to be dominated by high flows, particularly in
catchments where the hydrology is characterised by generally low flows with intermittent
peak events. Sediment loads will contribute to the extent of different benthic habitats (eg.
intertidal sand-mud flats) and the rate of infilling within central basins. Nutrient loads
(including carbon) will contribute significantly to levels of primary production and
susceptibility to eutrophication. The contribution of low sediment and nutrient loads
under low flows to estuarine processes would be more difficult to quantify, and is not
addressed in the literature.
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•

Physical habitat: Freshwater flow will determine the salinity gradients throughout the
estuary and thus habitat availability to species (both benthic and within the water column)
depending on salinity tolerances. Shifts in the distribution of benthic organisms involved
in bioturbation may be important in maintaining key ecosystem processes, particularly
during low flow.

•

Dilution: Freshwater flow may assist in dilution of point sources of pollution or nutrients
from urban runoff entering an estuary, with maintenance of low flows likely to be most
important with respect to dilution.

Indicators
Simple ‘condition’ indicators for estuaries were recently drafted by the CRC for Coastal
Zone, Estuary and Waterway Management for regional Natural Resource Management
monitoring (http://www.coastal.crc.org.au/Publications/indicators.html). For changes to the
freshwater flow regime, the physio-chemical condition indicators of salinity and mouth
opening/closure were the only two indicators recommended. No biological or habitat extent
indicators were recommended.
Although not a measure of ecosystem condition, some pressure indicators for changed
freshwater flow were also listed. These were, changes in median freshwater input; base
freshwater input compared to total estuary volume; the number of times freshwater flow is
greater than estuary volume; change in seasonality of freshwater input (direct pressure
indicators), and the percentage of median annual flow impounded/extracted (indirect
indicators).
However, the potential impact on estuaries from changes to freshwater flow cannot be
restricted to effects such as altered salinity distribution and mouth opening regimes. In
particular, freshwater flow may be closely linked to other significant stressors on estuarine
ecosystems such as changes in the natural patterns of sedimentation, nutrients, organic matter
and hydrodynamics. Some condition indicators identified for these stressors include
sedimentation rates, algal blooms, total and dissolved nutrients within the water column and
sediments, loss of sessile biota and dissolved oxygen levels.
The impact of freshwater flows may be considered as one component that contributes to the
broader ecosystem health within an estuary. As such, it may be necessary (or more
appropriate) to assess indicators of ecosystem health such as carbon loading, denitrification
efficiencies and benthic production: respiration ratios as suggested by Eyre and Ferguson
(2002), depending on the level of influence of other stressors that may be related to flow.
However, monitoring of indicators must be designed to allow informed feedback to an
adaptive management system for freshwater flows.

Tasmanian general guidelines
Spatial scale
Ecosystem values, impact assessment and flow management objectives should all be
described spatially in respect to location within distinct functional zones within an estuary
(eg. marine delta, central basin, fluvial delta, riverine channel), (Roy et al. 2001).
Estuarine characterisation
Characterisations of the following aspects of an estuary are regarded as essential to any
‘holistic’ quantitative or qualitative assessment of flow.
•
•
•
•

Geomorphic type
Conservation status
Environmental values (protected, community, etc) and objectives
Trophic state

124

•
•
•
•
•
•
•

Residence time/flushing time
Sediment/nutrient/carbon loads
Salinity profile and mixing
Depth
Freshwater flow
Macrophyte/phytoplankton dominated system
Mouth opening regime

Key estuarine ecosystem components
The following components are regarded as essential to the maintenance of ecological health
and functional integrity in Tasmanian estuaries and should be included in any ‘holistic’
quantitative or qualitative assessment.
•
•
•
•
•
•
•

Mouth status
Oxygen concentrations in bottom water
Salinity profile
Sediment denitrification efficiencies
Phytoplankton/macrophyte community structure
Channel maintenance/flushing
Intertidal habitats

Qualitative risk assessment
Quantitative data will be extremely limited for most Tasmanian estuaries. A quantitative risk
assessment of the impact on key ecosystem values and ecosystem processes from altered
freshwater flows should be undertaken. The SERM II model should be utilised as a
preliminary prediction tool to guide the risk assessment. For low risk estuaries (eg. tidedominated) or estuaries of lower conservation value, a qualitative risk assessment may suffice
in setting a preliminary flow regime within an adaptive management framework, based on
key abiotic variables such as salinity, DO, channel maintenance and mouth status.
Quantitative assessment
In addition to a qualitative risk assessment, a quantitative assessment of altered freshwater
flows is required for estuaries of high risk (eg. wave-dominated estuaries), higher ecological
importance or higher conservation value. Quantitative assessment may also utilise the SERM
II model, although it is recommended that utilisation of this model be undertaken in
consultation with the developers of the model. Ecologically or more economically important
estuaries may require more complex modelling of freshwater flow effects and include biotic
variables such as denitrification efficiencies and primary producer community structure.
Adaptive management – temporal scale
All flow regimes should be initiated within an adaptive management framework. Monitoring
designed to assess the response of ecosystem processes to the initial flow regime and improve
model predictions is an essential requirement.
A flow regime with a primary focus of maintaining bio-geochemical processes will consider
the current state (ie. vulnerability) of the estuary and current nutrient and sediment loads.
However, changing land management practices and practices relating to point sources of
pollution may alter trends in loads and, thus, the flow regime required to maintain ecosystem
function. The potential impact of sea-level rise on current ecosystem values may be an
important factor to consider when developing a flow regime.
The management objectives should be drafted with respect to specific temporal scales and
explicit statements regarding review of the initial flow regime.
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Applicability of instream flow regimes to estuarine requirements
Recognising the needs of water dependent ecosystems other than just instream processes is
the basis for assessment of the freshwater flow needs of estuaries. However, it must be
recognised that methods for determining flow regimes for the instream component are
considerably more advanced than for estuaries. Also, instream processes should be less
complex and variable than those operating within estuarine systems (due to the absence of
any marine influence) and, thus, flow regimes should be easier and less costly to determine
than for estuaries.
Utilise external expertise
Much recent research effort on the structure, function and ecological responses of estuaries
has been conducted in south-eastern and south-western Australia, where climate and estuarine
types are similar to those that occur in much of Tasmania. In particular, there is significant
modelling expertise within CSIRO and GeoSciences Australia. The Tasmanian Aquaculture
and Fisheries Institute has ongoing research into freshwater flow requirements for Tasmanian
estuaries. Accessing this expertise will assist in the appropriate determination of freshwater
flow requirements for estuaries.
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Appendix 1
Tasmanian estuaries, their conservation banding (CFEV 2005), grouping and
conservation significance as recognised by Edgar et al. (1999) and condition, class and
sub-class of the NLWRA (2002)
Edgar et al. (1999)
1

NLWRA (2002)
2 Condition

Class Subclass3

Estuary

Group

Naturalness

Mosquito Inlet

III (marine inlets and bays)

natural

B

largely unmod

tide

other

Montagu

V (large mesotidal river)

mod impact

C

modified

tide

TC

Duck Bay

II (open)

high impact

D

modified

wave

WDE

West Inlet

III (marine inlets and bays)

high impact

C

modified

tide

TC

Significance

East Inlet

III (marine inlets and bays)

high impact

C

largely unmod

wave

other

Black

V (large mesotidal river)

low impact

A

near pristine

river

WDD

Crayfish

V (large mesotidal river)

natural

D

modified

wave

other

Detention

V (large mesotidal river)

low impact

C

modified

river

WDD

Inglis

V (large mesotidal river)

mod impact

E

severely

river

WDD

Cam

V (large mesotidal river)

mod impact

E

severely

wave

other

Emu

V (large mesotidal river)

mod impact

E

severely

river

WDD

Blythe

V (large mesotidal river)

mod impact

D

modified

river

WDD

Leven

II (open)

mod impact

E

severely

wave

WDE

Forth

V (large mesotidal river)

low impact

D

modified

tide

TDE

Don

V (large mesotidal river)

high impact

E

severely

wave

WDE

Mersey

V (large mesotidal river)

low impact

E

severely

wave

WDE

Port Sorell

II (open)

mod impact

D

modified

wave

WDE

Tamar

VI (mesotidal drowned river
valley)

mod impact

A

severely

tide

TDE

Curries

V (large mesotidal river)

low impact

D

modified

wave

other

Piper

V (large mesotidal river)

mod impact

C

modified

wave

WDE

Little Forester

V (large mesotidal river)

mod impact

C

modified

river

WDD

Brid/Great Forester

V (large mesotidal river)

mod impact

D

modified

river

WDD

Tomohawk

II (open)

mod impact

C

modified

wave

WDE

Boobyalla

V (large mesotidal river)

mod impact

B

severely

river

WDD

Little Musselroe

III (marine inlets and bays)

high impact

C

modified

river

WDD

Great Musselroe

II (open)

mod impact

C

modified

wave

WDE

Ansons Bay

II (open)

natural

C

modified

wave

WDE

Big Lagoon

I (barred, low salinity)

pristine

B

near pristine

wave

other

Sloop Lagoon

I (barred, low salinity)

pristine

B

near pristine

wave

other

Grants Lagoon

I (barred, low salinity)

pristine

C

modified

wave

WDE

Georges Bay

III (marine inlets and bays)

low impact

D

modified

wave

WDE

Scamander

I (barred, low salinity)

natural

D

modified

wave

WDE

Henderson's Lagoon

III (marine inlets and bays)

mod impact

C

modified

wave

WDE

Templestowe

I (barred, low salinity)

low impact

C

modified

wave

WDE

Douglas

II (open)

natural

C

largely unmod

wave

other

Denison

I (barred, low salinity)

natural

D

modified

wave

other
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Edgar et al. (1999)
1

NLWRA (2002)
2 Condition

Class Subclass3

Estuary

Group

Naturalness

Saltwater Lagoon

I (barred, low salinity)

natural

C

near pristine

wave

other

Freshwater Lagoon

I (barred, low salinity)

pristine

B

near pristine

wave

other

Bryans Lagoon

I (barred, low salinity)

pristine

A

near pristine

wave

strandplain

low impact

B

near pristine

wave

WDE

Great Swanport
(Moulting Lagoon)

II (open)

Significance

Meredith

I (barred, low salinity)

low impact

D

modified

river

WDD

Stoney

I (barred, low salinity)

mod impact

C

modified

wave

other

Buxton

I (barred, low salinity)

natural

C

modified

river

WDD

Lisdillon

I (barred, low salinity)

low impact

C

modified

wave

other

Little Swanport

II (open)

mod impact

C

modified

wave

WDE

Grindstone

IV (hypersaline lagoons)

high impact

C

modified

wave

other

Spring Bay

III (marine inlets and bays)

mod impact

D

modified

tide

other

Prosser

II (open)

low impact

D

modified

wave

WDE

Earlham Lagoon

IV (hypersaline lagoons)

low impact

C

modified

tide

TDE

Blackman Bay

III (marine inlets and bays)

low impact

C

modified

wave

WDE

Carlton

III (marine inlets and bays)

mod impact

D

modified

wave

WDE

Pittwater

II (open)

high impact

D

severely

wave

WDE

Pipe Clay Lagoon

III (marine inlets and bays)

severe impact

D

modified

wave

WDE

Derwent

VII (microtidal drowned river
valley)

mod impact

C

severely

tide

other

Browns

II (open)

mod impact

E

severely

wave

WDE

North West Bay

II (open)

low impact

E

severely

tide

other

Garden Island

II (open)

natural

D

modified

wave

other

Port Cygnet

II (open)

low impact

D

modified

tide

other

Huon

VII (microtidal drowned river
valley)

natural

C

modified

tide

other

Crooks

III (marine inlets and bays)

low impact

D

modified

tide

other

Esperence

II (open)

natural

C

largely unmod

tide

other

Cloudy Bay

III (marine inlets and bays)

natural

B

near pristine

wave

WDE

Lune/Southport

II (open)

natural

C

largely unmod

wave

WDE

Southport Lagoon

III (marine inlets and bays)

pristine

A

near pristine

wave

WDE

D'Entrecasteaux

II (open)

pristine

B

Catamaran

II (open)

pristine

B

near pristine

wave

other

Cockle Creek

II (open)

pristine

C

near pristine

wave

other

South Cape Rivulet

II (open)

pristine

B

near pristine

wave

other

New River Lagoon

VIII (large open microtidal)

pristine

A

near pristine

wave

WDE

Louisa R

II (open)

pristine

B

near pristine

wave

other

Louisa Ck

II (open)

pristine

B

near pristine

wave

other

Freney

I (barred, low salinity)

pristine

B

near pristine

wave

other

Bathurst Harbour

VII (microtidal drowned river
valley)

pristine

A

near pristine

tide

other

Payne Bay

II (open)

pristine

A

near pristine

tide

other

Mulcahy

II (open)

pristine

B

near pristine

wave

other

Giblin

II (open)

pristine

B

near pristine

wave

other

130

Edgar et al. (1999)
1

NLWRA (2002)
2 Condition

Class Subclass3

Estuary

Group

Lewis

II (open)

pristine

B

near pristine

tide

other

Mainwaring

II (open)

pristine

B

near pristine

tide

other

Wanderer

IX (barred river)

A

near pristine

wave

other

Spero

II (open)

pristine

B

near pristine

wave

other

Hibbs Lagoon

I (barred, low salinity)

pristine

B

near pristine

wave

other

Macquarie Harbour

VII (microtidal drowned river
valley)

natural

D

modified

wave

WDE

Henty

VIII (large open microtidal)

natural

B

near pristine

wave

WDE

Significance

Little Henty

II (open)

natural

C

modified

river

WDD

Pieman

VIII (large open microtidal)

natural

C

largely unmod

tide

other

Lagoon

I (barred, low salinity)

pristine

B

near pristine

wave

other

Pedder

I (barred, low salinity)

natural

B

near pristine

wave

strandplain

Nelson Bay

I (barred, low salinity)

natural

B

near pristine

wave

other

Arthur

VIII (large open microtidal)

natural

B

near pristine

wave

other

Welcome

III (marine inlets and bays)

low impact

C

modified

tide

TC

sea elephant

I (barred, low salinity)

B

near pristine

wave

strandplain

yarra

I (barred, low salinity)

D

modified

wave

other

ettrick

II (open)

C

modified

wave

other

seal

I (barred, low salinity)

C

modified

wave

WDE

yellow rock

I (barred, low salinity)

C

modified

wave

other

north east inlet

III (marine inlets and bays)

A

near pristine

wave

WDE

foochow inlet

II (open)

B

near pristine

wave

strandplain

middle inlet

I (barred, low salinity)

B

near pristine

wave

strandplain

patriach

II (open)

B

near pristine

wave

other

sellars lagoon

IV (hypersaline lagoons)

B

near pristine

wave

other

cameron inlet

IV (hypersaline lagoons)

B

near pristine

wave

WDE

logans lagoon

I (barred, low salinity)

B

near pristine

wave

other

pats

II (open)

C

modified

wave

other

mines

I (barred, low salinity)

B

near pristine

wave

other

dover

II (open)

B

near pristine

wave

other

lee

II (open)

B

near pristine

wave

other

shag rock

I (barred, low salinity)

B

near pristine

wave

other

modder

I (barred, low salinity)

B

near pristine

wave

WDE

rices

II (open)

B

near pristine

wave

other

rocky head

IV (hypersaline lagoons)

B

near pristine

wave

other

thirsty lagoon

IV (hypersaline lagoons)

A

near pristine

tide

other

1. Estuaries are listed in a clockwise direction around the Tasmanian mainland,
commencing in the north-west, and ending with King Island and the Furneaux group
2. Class A: Critical conservation significance; Class B: High conservation significance;
Class C: Moderate conservation significance; Class D: Low conservation significance –
moderately degraded; Class E: Low conservation significance – severely degraded

3. TC: tidal flat/creek; TDE: tide-dominated estuary; WDE:

wave-dominated estuary;

WDD: wave-dominated delta
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PART A – PROJECT DETAIL
1.

Original Project Title

Holistic Environmental Flow Methods in the NAP Region

2. Organisation
Name of
Organisation

Department of Primary Industries, Water and Environment

Project Manager

Name: Dr Danielle Warfe

Organisation
Contact Address

New Town Research Laboratories, 13 St Johns Avenue, New Town, Tasmania 7008

3.

Ph: 03 6233 3128

Fax: 03 6233 6881

Project Duration
Indicate the start and finish dates as shown on your NAP/NHT/NLP Agreement Project Schedule.

Date project started funded activity
(month / year)
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Completion date for funded component of entire
project (month / year)
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If the expected completion date has changed, please indicate here. Indicate the reasons and any consequent
changes to your workplan in the comments section at the end of Part B.
Amended completion date (month / year)
March 2005

PART B – FINAL REPORT AS AT 8/3/05
4.

Project completion against funding year 2003/2004 workplan/milestones:
Please indicate and provide evidence of how your project has performed against the objectives and
activities that you agreed to in the Agreement. Demonstrate how your project has met its time frames,
performance requirements, expected outputs and objectives (if not, see next question).

Workplan / Milestones (see Agreement Project Schedule)
Activity

Milestone

No.

Date

Extent of completion (attach
evidence as required)

Appointment of
technical officer and
project team

Technical offer appointed
and project team assembled

1

08/03/04

See Appendix A for details

Establishment of
Steering Committee

Steering Committee in place

2

08/03/04

See Appendix A for details

Review of relevant
information on
methodologies and
catchment data

Summary report to Steering
Committee outlining relevant
information on
methodologies and
catchment data

3

08/06/04

See Appendix A for details

Development of
conceptual model of
ecosystem processes

Conceptual model developed

4

08/04/04

See Appendix A for details

Tender development

Tenders for major
consultancies developed and
let, with decisions points at
the end of year 1

5

08/07/04

See Appendix A for details

Undertake first stage
in developing
methodology for
determining high flow
environmental water
requirements

Report outlining results of
first stage in developing
proposed methodology
presented to Steering
Committee

6

08/12/04

See Appendix A for details
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5.

Reasons for not producing outputs or completing workplan/milestones as agreed:

Incomplete activity
or varying output

Reasons (attach evidence as required)

Activity No 3, 5 and
6

There were some delays associated with consultancies: the
riparian vegetation and geomorphic sub-project was delayed
by consultants’ availability for field-work; the estuarine review
was delayed by difficulty in finding a suitable consultant. As a
consequence of these delays, the collation of relevant
information (Activity 3) and the development and letting of
tenders (Activity 5) were delayed, which then delayed Activity
6, finalising the first stage of the Project and developing a
framework for determining high flow environmental water
requirements.

6.

Expected
Completion Date
March 2005

Difficulties or Challenges
There may be particular challenges or difficulties which your project has experienced.
It would be useful to hear about these, and how they were overcome.

7.

Additional Comments
Include any additional comments about your project, including any reasons for an expected change to
the completion date (Part A) and consequent changes to the workplan.

As described in Section 5, there were some delays related to the consultancies which required the Project to
be
extended by 3 months to March 2005. The Project reached this new finish date, with all the milestones
completed by this time. A technical report describing the developed framework in detail is being produced
by the Project Manager.
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8.
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Project expenditure to date is to be recorded on the Final Financial Report for NHT and NAP Funding
Statement attached.

PART C – DECLARATION
DECLARATION
This declaration must be given by the project manager if you are a State agency, or two executive officers if
you are an NRM Regional Committee or other type of organisation.

I declare that I am an authorised representative of the recipient organisation, that the information
given on this form is complete and correct and that expenditure of moneys paid under the financial
agreement has been solely upon the project and in accordance with the terms of the Agreement and
its conditions.

Name

Name

Dr Danielle Warfe

(please print)

(please print)
Position in
Organisation

Senior Aquatic Ecologist

Position in
Organisation
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Date
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Date

Office Use Only
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Signature

Signature
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Date:
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Date:
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1 technical officer
appointed and project
team assembled

Steering Committee in
place

1. Appointment of
technical officer
and project team

2. Establishment of
Steering
Committee

Milestone

08/03/04

08/03/04

Completion
of milestone

Project team assembled with Senior Aquatic Ecologist/Project Manager appointed to
commence by the end of January

Senior Aquatic Ecologist/Project Manager (Dr Danielle Warfe) commenced,
Professional Officer (Justine Latton) appointed to provide professional and technical
support and commenced February 2004.

Steering Committee have met

•

Steering Group updated quarterly

June 2004 update

•

January 2004 update
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First meeting of Steering Committee, representing relevant scientific disciplines

MILESTONE COMPLETED

•

June 2004 update

•

January 2004 update

Appropriately skilled Project Manager/Senior Aquatic Ecologist and Technical Officer
appointed and in place. Project Reference Committee established.

Achievement Indicator and progress against these

NAP 41544

Activity No:

Activity

Develop a holistic environmental flow methodology for the NAP region

Project Title:

Appendix A: Milestone activities and details of achievement and progress

3. Review of relevant
information on
methodologies
and catchment
data

Summary report to
Steering Committee
outlining relevant
information on
methodologies and
catchment data

08/06/04

Steering Group updated quarterly

Steering Group updated quarterly

Hydrological modelling of the catchment completed.

•

Fish surveys completed.
Catchment characterisation, biological and hydrological information presented to the
Consultative Group for the development of the Little Swanport Catchment Water
Management Plan.

•
•

As above
November 2004 update

•
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Tasmanian Aquaculture and Fisheries Institute conducting a project in the Little
Swanport Catchment estuary monitoring water quality, fish assemblage and shellfish
productivity in relation to freshwater inflows, with support from the Nap Project Team.
•

August 2004 update

Review of methodologies complete, but still being visited as the developed
methodology takes shape, and will be added to as new methodologies and techniques
are published in the scientific literature.

•

June 2004 update

Geomorphological and riparian vegetation characterisation of catchment completed.

•

April 2004 update

Review in progress – relevant literature and information being reviewed

•

January 2004 update

Steering Committee accepts Summary report

MILESTONE COMPLETED

•

November 2004 update

•

August 2004 update

4. Development of
conceptual model
of ecosystem
processes

Conceptual model
developed

08/04/04

Review of scientific literature on the influence of freshwater inflows on estuarine
processes being scoped.
Review of freshwater flow requirements for native fish being conducted.

•
•

Scientific literature review of freshwater flow requirements for native fish completed.
Steering Committee briefed on outcomes by Project Team during workshop to
develop NAP Investment Proposals.

•
•

Proceedings from workshop drafted as a report.
Hydrological information on catchment water balance obtained from the hydrological
model developed under the NAP Hydrological Models Project. This information is
necessary for the development of the conceptual model.

•
•

Honours research project with the University of Tasmania has commenced to
determine land use impacts on channel morphology and flood processes.
Geomorphological and riparian vegetation catchment characterisation completed.

•
•
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Fish surveys to determine movements on flood events currently being conducted
•

April 2004 update

Expert workshop conducted to develop a conceptual model for an environmental flows
method in December 2003 for which national experts were contracted to attend.

•

January 2004 update

Conceptual model developed for scoping of relevant tenders

MILESTONE COMPLETED

Scientific literature review of freshwater flow requirements for estuarine processes
completed.

•

March 2005 update

Scientific literature review of flow requirements for geomorphic and riparian vegetation
processes complete.

•

5. Tender development

Tenders for major
consultancies
developed and let, with
decision points at the
end of year 1.

08/07/04

Conceptual model completed for scoping of relevant consultancies.

•

Flow requirements for estuaries are being developed. TAFI staff are collecting
estuarine data monthly and on freshwater flood events. Project Team is reviewing
scientific literature to develop conceptual model of flow requirements for estuaries.
Review and collected data will be combined to develop hypothesised flows for
estuaries, which will be tested at expert workshops in August-September 2004.

•

Flow requirements for native fish and trout (specifically migration and spawning
triggers) being developed by Freshwater Systems (Dr Peter Davies).
•

•

Estuarine review completed
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Review of freshwater flow requirements of estuaries delayed by lack of sufficient
expertise within Project Team and difficulty in appointing an appropriate consultant.
Review will be conducted by estuarine ecologist (Ray Murphy) within the Marine
Resources Division of DPIWE.
•

March 2005 update

Riparian vegetation and geomorphological sub-project delayed by availability of
consultants for fieldwork.

•

November 2004 update

Project scopes for major consultancies have been developed and appropriate
consultants have been identified. Flow requirements for riparian vegetation and
geomorphological processes will be addressed in sub-project conducted by NAP
Senior Aquatic Ecologist, North Barker and Associates (Dr Phil Barker), and Technical
Advice on Water (Dr Lois Koenhken). Sub-project will be conducted over August and
September 2004.

•

June 2004 update

Successful tenderer is appropriate for the consultancy task

MILESTONE COMPLETED

The information described above collated for development of conceptual model.

•

June 2004 update

6. Undertake first stage
in developing
methodology for
determining high
flow environmental
water
requirements

Report outlining results
of first stage in
developing proposed
methodology
presented to Steering
Committee

08/12/04

Riparian vegetation and geomorphological consultancies complete.

•

Presented proposed methodology to the University of Tasmania with positive
th
response, and will be presented at the 4 National Stream Management Conference
in October 2004.
Next steps of project involve consultancies (see above), conducting hydraulic
modelling of instream, riparian vegetation and geomorphological data to specify
discharge requirements, conducting hydrological analyses to determine pattern of
specific discharge occurrence, and developing risk assessment and scenario-building
frameworks for ecosystem flow requirements.

•

•

Scientific literature being reviewed to determine freshwater requirements of
geomorphological, riparian vegetation and estuarine system components, and
guidelines to recommend such requirements being developed. This involves
determining suitable methods of hydrological analyses.
Risk assessment framework for recommending and implementing afore-mentioned
freshwater requirements being developed.

•

•
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Flow requirements for estuaries are being developed. TAFI staff is collecting estuarine
data monthly and on freshwater flood events. Project Team is developing tender for
review of scientific literature to develop conceptual model of flow requirements for
estuaries. Review and collected data will be combined to develop hypothesised flows
for estuaries.

•

August 2004 update

Proposed methodology taking shape, have identified steps required to collect
information to recommend holistic environmental flow regimes for Tasmanian
catchments.

•

June 2004 update

Report recommendations endorsed by Steering Committee and agreed to by stakeholders
and investors

MILESTONE COMPLETED

Review of flow requirements for native fish and trout completed

•

Framework of methodology finalised and presented at the 4th Australian Stream
Management Conference to favourable feedback. Details of hydrological analyses and
form of flow recommendations still to be finalised.

•

Steering Committee has been provided a preliminary brief on the methodology
framework. Presentation of the proposed framework will be provided to the Steering
Committee following formal review of other NAP “Water Package” final reports. This
is planned for June 2005.

•
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Framework of methodology complete, although some details to be finalised (eg spatial
analysis of small-scale flow events, hydrological analyses, pulling together
consultants’ reports, development of specific guidelines) in the final technical report.

•

MILESTONE COMPLETED

All consultancies complete.

•

March 2005 update

Fieldwork by Project Team and geomorphic and riparian vegetation consultants to
identify small-scale geomorphic and riparian vegetation disturbance heterogeneity
almost complete; hydraulic identification and hydrological analysis of flow events to
follow.

•

November 2004 update

