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Glossary of Terms
ARMCANZ
ANZECC
cumec

Agriculture and Resource Management Council of Australia and New Zealand
Australian and New Zealand Environment and Conservation Council
a measure of flow discharge. 1 cubic meter per second; equivalent to 86.4 Ml/day

Commissional Water
Right (C.W.R.)

IFIM

Under the Water Act 1957, the right to take water from a water resource
(watercourse, lake, river, stream or any surface water or groundwater) for
commercial (irrigation) use.
a volume of water passing a given point in unit time
Are descriptions of the water regimes needed to sustain ecological values of aquatic
ecosystems at a low level of risk. These descriptions are developed through the
application of scientific methods and techniques or through the application of local
knowledge based on many years of observations.
Instream Flow Incremental Methodology

macrophytes

large aquatic plant

macroinvertebrates

invertebrate (without a backbone) animals which can be seen with the naked eye.

Megalitre (ML)

a measure of water equivalent to 1000 000 litres (or about the size of an Olympic
swimming pool)

pools

deep, still water , usually within the main river channel

riffles

areas of fast moving, broken water

Riparian Right

riparian vegetation

Under the Water Management Act 1999 a person who owns land or occupies a
property may take water from a watercourse or lake on, or adjoining, that land for the
purposes of domestic use, or irrigation of a household garden, or stock watering, or
firefighting, or drilling.
vegetation on the banks of streams and rivers

run

unbroken, moving water

sinuosity

degree of “bendiness” of a river (ratio of valley length: river length)

snags

In-stream woody debris

substrate

the structural elements of the river bed; boulder, cobble etc.

taxon (plural: taxa)

the member of any particular taxonomic group eg. a particular species, family etc.

transect

in this study, a line across the river bed perpendicular to flow, used for a standardised
collection of depth, velocity and substrate information

WL

Water Licence – Under the Water Management Act 1999 water licences are issued
for the purpose of taking water from a water resource (watercourse, lake, river,
stream or any surface water or groundwater). The amount of water taken depends
upon the water allocation under the issued licence. The Department of Primary
Industry, Water and the Environment allocates water for irrigation, stock and
domestic, aesthetic and industrial purposes.

Water Provisions for
the
Environment
(WPE’s)
WUA

Are that part of the Environmental Water Requirements that can be met. That is, the
water regime for the environment through agreement or negotiation.

discharge
Environmental Water
Requirements
(EWRs)

Weighted Useable Area, or the amount of useable habitat available in the river for a
species
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Executive Summary
This report details the ecological assessment of flow requirements for North West Bay River.
Both community and State technical values were identified as part of the assessment process
and the ecological values identified from this process were used to focus the assessment of
Environmental Water Requirements (EWRs).
Ecological values specifically targeted included:
x
x
x

Maintain habitat for, common jollytail (Galaxias maculatus), and shortfinned eel
(Anguilla australis) populations
Maintain platypus (Ornithorhynchus anatinus) habitat and
Maintain habitat for macroinvertebrate populations found in the North West Bay River.

Recreational values targeted included:
x

Maintain habitat for brown trout (Salmo trutta).

A risk analysis was performed to provide (1) a series of options for negotiation of Water
Provisions for the Environment (WPE’s) and (2) the ecological risk of failure in not achieving
these flows for each of these values. This was achieved by determining the flow at which the
useable habitat available to a species changes by a certain percentage, relative to a reference
flow. The percentage changes in habitat that determined risk categories were taken from
Davies and Humphries (1996). This analysis was done for each of the key biota (including
both fish and invertebrate species).
Other values identified, and discussed elsewhere in the report include:
x Protect recreational trout fisheries.
x Maintain suitable flow for the protection of Australian grayling (Prototroctes maraena).
x Maintain fish stocks, including Australian grayling (Prototroctes maraena), brown trout
(Salmo trutta), shortfinned eel (Anguilla australis), freshwater flathead (Pseudaphritis
urvillii), spotted galaxiid (Galaxias truttaceus) and common jollytail (Galaxias maculatus)
x Maintain rearing and/or spawning habitat for the short headed lamprey (Mordacia mordax
brown trout (Salmo trutta), freshwater flathead (Pseudaphritis urvillii), spotted galaxiid
(Galaxias truttaceus), common jollytail (Galaxias maculatus), and
x Maintain in-stream woody debris as habitat for native fish populations and trout.
Two sites were selected to represent the river, identified by preliminary analysis of river reach
characteristics along the river continuum. The Environmental Water Requirements and
associated risk of failure to provide these flows are as follows.
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North West Bay River at Betts Road
The EWRs relate to the North West Bay River reach which is representative of the river from
approximately 1.5 kilometres above Betts Road bridge to the Huon Highway bridge at
Sandfly.
Risk Category
Month

I
Low risk(EWR)
Cumecs ML/Day

Dec
Jan
Feb
Mar
Apr

> 0.068
> 0.026
> 0.025
> 0.031
> 0.044

> 5.88
> 2.25
> 2.16
> 2.68
> 3.80

II
Moderate risk
Cumecs
ML/Day
0.068 – 0.044
0.026 – 0.019
0.025 – 0.016
0.031 – 0.027
0.044 – 0.034

5.88 – 3.80
2.25 – 1.64
2.16 – 1.38
2.68 – 2.33
3.80 – 2.94

III
High risk
Cumecs ML/Day
< 0.044
< 0.019
< 0.016
< 0.027
< 0.034

< 3.80
< 1.64
< 1.38
< 2.33
< 2.94

North West Bay River below Margate Weir
The EWRs relate to the North West Bay River reach which extends from the Huon Highway
bridge at Sandfly to a point approximately 400 metres below the confluence of the North West
Bay River with Blue Gate Creek.
Risk Category
Month

I
Low risk(EWR)
Cumecs ML/Day

Dec
Jan
Feb
Mar
Apr

> 0.29
> 0.14
> 0.115
> 0.16
> 0.2

25.06
12.10
9.94
13.82
17.28

II
Moderate risk
Cumecs
ML/Day
0.29 – 0.155 25.06 – 13.39
0.14 – 0.08 12.10 – 6.91
0.115 – 0.06 9.94 – 5.18
0.16 – 0.09 13.82 – 7.78
0.2 – 0.12 17.28 – 10.37

III
High risk
Cumecs ML/Day
< 0.155
< 0.08
< 0.06
< 0.09
< 0.12

< 13.39
< 6.91
< 5.18
< 7.78
< 10.37

An important caveat to this report is that the EWRs recommended for each month are the
minimum flows for a low risk of failure to meet ecological values. Since current water
allocations do not significantly impact on this river during the months of peak flow, rates for
the period May to November have not been considered. If peak flow rates are impacted or
threatened in any month, including the irrigation season, additional work will be required.
Minimum flow rates for months outside the irrigation season have not been identified in this
report and will also require additional work if further significant water developments (eg.
dams) are proposed in this catchment.
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1. Introduction
In accordance with the water reform agenda set out by the Council of Australian
Governments, or COAG (ARMCANZ and ANZECC, 1996), Tasmania is currently
estimating Environmental Water Requirements for many of its rivers. Intrinsic to this
process is the requirement that a supply of water will be provided to the environment as well
as to human users to maintain or improve ecosystem quality and health of river systems. For
full details about the process refer to Fuller and Read (1997). Briefly, the process involves:
x the identification of water values by the community and the State Technical Committee for
Environmental Flows (a panel representing the State government’s technical and scientific
expertise);
x the assessment of the flow necessary to maintain these values, which includes an
environmental flow assessment;
x negotiation and tradeoff of these values if required when determining a new flow
management regime; and
x monitoring of both compliance and environmental benefit of the new flow regime once
this is in place.
This report details the assessment of the environmental flow requirements of key aquatic
fauna that show distinct preferences to changes in discharge. The values identified by the
community and the State Technical Panel play a key role in focussing this assessment.
Therefore both sets of values for North West Bay River have been provided in the report, and
addressed where appropriate.
North West Bay River has been subject to water abstraction for many years in order to
provide water supply to Hobart and surrounding areas and to a lesser extent for irrigation and
agricultural purposes. Community concern has been raised over the lack of flow immediately
downstream from the water supply intake weir and the potential implications on habitat
availability and biological diversity of the river (Duddles et al.1998). The water is diverted
throughout the year, but this assessment will concentrate on the low flow period between
December to April, as this is when the river is suspected to be most under stress. However,
the issue of non-summer flows may need attention in future if abstraction increases or there is
further development of the water resource.
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2. North West Bay River
2.1 General Description
2.1.1 Catchment and Drainage System
The North West Bay River originates in the string bogs and alpine marshes of Mt. Wellington
plateau at an elevation of approximately 1270 metres above sea level. From the headwaters
the river descends rapidly through Wellington Park to Betts Rd Bridge. From this point, the
river flows through agricultural land and rural residential areas at Longley and Sandfly before
reaching its point of discharge at the estuarine mudflats of North West Bay at Margate
(Figure 1).
The North West Bay River has a catchment area of approximately 94 km2 and a total length
of 25 km. It is bounded by the Derwent River catchment to the North, the Huon River
catchment to the West, the Browns River catchment to the East and small coastal catchments
to the south. Major tributaries of the river include The Plains Rivulet, Coombes Rivulet,
Quarrys Creek, Levert Rivulet, Cooke Rivulet, Allens Rivulet, Mafeking Creek and Blue
Gate Creek.
The river has numerous in-stream structures (weirs, culverts) which are a barrier to the natural
migration of fish. These structures can present a physical barrier to fish by physically
blocking passeage or by creating excessive turbulence or water velocities greater than those
which the fish can swim against. Behavioural barriers to fish migration can be caused by
changes to the habitat structure of streams including; the creation of large still water storages
behind weirs and dams; the reduction of suitable habitat by flooding and/or erosion and by
altering the natural streamflow regime which can disrupt the environmental cues for
triggering fish migration.
The location of a barrier within a catchment can influence its impact on fish populations
(Thorncraft and Harris, 2000). Where the catchment area upstream of a barrier is small,
barriers to fish passage may isolate and impact only a relatively small portion of the total
habitat available in a catchment. In contrast, barriers to fish migration in the lower reaches of
a system have the potential to cause the greatest effect on fish recruitment and distribution
upstream.
The stream gauging weir at the in the lower reaches of the North West Bay River (Grid
Reference 5238350N 519850E – Tasmap 1:25000) is of most concern in terms of fish
passage. The weir has the potential to isolate 88km2 or over 93% of the catchment. However
electrofishing surveys on North West Bay River revealed the presence of adult Galaxias
maculatus, G. truttaceus, Pseudaphritis urvillii and Anguilla australis in the upper part of the
catchment, indicating that at least some native fish negotiate the weir. Further surveys of fish
populations above and below the weir as well as investigations into flow conditions and fish
movements need to be measured before an assessment of the weir and other conclusions can
be made however it is unlikely that the current structure meets the criteria for an effective
fishway (95% of individuals of 95% of taxa negotiate the barrier under 95% of flow
conditions experienced at that site) (Thorncraft and Harris, 2000).

The North West Bay catchment as with many other catchments has a number of agricultural
developments which rely on new dams for their water supply. Currently there are 15 instream storages on the WIMS (Water Information Management System) database including 3
industrial, 2 irrigation, 8 stock and 2 aesthetic dams, the largest of which is a. 130 megalitre
dam on a tributary of Allens Rivulet. The total storage capacity of all dams is 158 megalitres.
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From Figure 1 it is evident that tributaries, are most subject to in-stream development.
Several of these individual tributary systems have the potential to become hydrologically
disconnected from the remainder of the catchment and hence change the fish community
structure in that part of the catchment.

2.1.2 Geomorphology and Geology
The North West Bay River may be generally described as a high gradient boulder-cobble bed
river. The river has a very steep gradient falling from 1270m on Mt. Wellington to sea level
over a distance of 25 km. The average gradient of the river is 1:20.
Green (1999) has divided North West Bay River into four reaches reflecting lengths of river
which have relatively homogenous geomorphic characteristics. More recently, Telfer (2001)
divided the river into eight distinct styles in order to provide a assessment of the condition and
future management needs of the river. The headwaters reach extends from the origins of the
river on the Mt. Wellington plateau to Wellington Falls. After leaving the plateau the river
valley is steep and characterised by pool and riffle sequences. The gorge reach extends from
Wellington Falls to approximately 1.5 km above Betts Road Bridge. The gorge reach is steep,
reaching a maximum gradient of 1:10 and is characterised by boulder and rock deposits and
plunge pools. Woody debris controls the distribution of sediments and pools and to some
extent the structure of the river in this reach.
The transfer reach at the base of Mt. Wellington extends from 1.5 km above Betts Road
Bridge to the Huon Highway at Sandfly. In this part of the river, the gradient falls to 1 in 34.
Large depositions of rock occur in the river channel due to the reduction in river gradient and
valley widening. The throughput reach extends from the Huon Highway at Sandfly to the
mouth of the river on North West Bay near Margate. The riverbanks and channel are
characteristically composed of bedrock. There are small discontinuous areas of floodplain
and rock deposits occur in this section of the river.
The geology of the North West Bay catchment is predominantly dolerite. The second most
common rock substrate is pebbly mudstone/sandstone/limestone which is found throughout
the Neika, Leslie Vale and Allens Rivulet areas. Quartz sandstone bedrock is found
underlying the areas of the Plains Rivulet, Longley and Lower Longley. (Davies, 1988)
Deposits of alluvial mud/sand/gravel and periglacial alluvial sediment are found on the Mt.
Wellington Plateau. At Kaoota there are isolated deposits of coal, basalt siltstone and
mudstone, (Green, 1999).

2.1.3 Climate and Rainfall
Rainfall across the North West Bay River catchment follows a marked gradient from an
annual average of 1270 mm at the Hobart Water (water supply authority) intake weir in the
upper catchment, 903 mm at Longley, 950 mm at Sandfly to 754 mm in the lower catchment
at Margate (Bureau of Meteorology data). The upper reaches of the catchment may
experience a number of snowfalls throughout the year. Gradual snowmelt after a significant
snowfall can elevate river flow for extended periods.
On average, rainfall across the catchment is equally distributed throughout the year with a
slight maximum in September and October and a minimum in February and March. Despite
the apparent uniformity of rainfall based on long-term averages, rainfall can be highly
variable from month to month and from year to year.
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2.1.4 Vegetation
The North West Bay River Catchment has approximately 50% forest cover (Green, 1999).
The large altitudinal range, steep rainfall gradient and diversity of geological substrate and
soils in the catchment has lead to a high diversity of vegetation types. A significant
proportion of this diversity occurs in Wellington Park. The flora of Wellington Park is
species rich, with 30% of Tasmania’s native flora represented including 80 endemic species.
In addition the Park contains 389 species of mosses, liverworts and lichens. The Park
contains a number of species, which have conservation significance because they are rare,
vulnerable or endangered. For detailed descriptions of these plant species see Green, (1999).
The headwaters of the North West Bay River originate in alpine bogs and are characterised by
rushes, lilies and cushion plants. In the upper reaches of the catchment the vegetation is
dominated by alpine heathland less than 2 metres high except for occasional stands of
Tasmanian snow gum (Eucalyptus coccifera). Protected crests and slopes have a shallow,
often stony, clay loam over medium clay. This supports an open forest dominated stringybark
(E. obliqua), swamp gum (E. regnans) and Tasmanian yellow gum (E. johnstonii) with an
understorey that includes prickly beauty (Pultenaea juniperina), dollybush (Cassina
aculeata), prickly box (Bursaria spinosa) and cutting grass (Gahnia grandis). Temperate
rainforest communities occur on many of the south facing slopes and gullies of the catchment.
The main species of these gullies are: Musk (Oleraria argophylla), Dogwood (Pomaderris
apetala), Blanket leaf (Bedfordia salicina) and to a lesser extent Myrtle (Nothofagus
cunninghamii) and Sassafras (Atherosperma moschatum).
The forests in the middle to lower part of the catchment are mostly dry sclerophyll. Dry
sclerophyll vegetation occurs in those areas that receive an annual rainfall of less than 1000
mm. This vegetation has evolved in response to low nutrient soils, periodic droughts and the
prevalence of fire. The predominant species in this area are white peppermint (E. pulchella)
and black gum (E. ovata). The understorey consists of silver wattle (Acacia dealbata),
blackwood (Acacia melanoxylon), blanket leaf (Pomaderris spp.), prickly moses (Acacia
verticillata), sagg (Lomandra longifolia) and native Poa grasses. A remnant buttongrass
heathland is a feature of the vegetation in the Longley area (Davies, 1988).
A number of weed species are obvious along the riverbank in the mid- to lower reaches of
North West Bay River. The most common are Crack Willow (Salix fragilis), Montbretia
(Crocosmia crocosmiiflora) and Spanish Heath (Erica lusitanica). Willows are well
established, particularly where native riparian vegetation has been cleared. The North West
Bay River is almost continuously colonised by willows downstream from Longley, although
their distribution is patchy in areas of dense native riparian vegetation. In some of the subcatchments of North West Bay River, particularly Allens Rivulet and Cooke Rivulet, willows
are well established and dominate the vegetation of the riparian zone in rural areas. Other
major willow infestations occur in the sub-catchments of Blue Gate Creek, in the lower
reaches of Coombes Rivulet and in the upper reaches of Levert Rivulet. Willow infestation
has been identified as a serious threat to the integrity of the native riparian vegetation of North
West Bay River and is being addressed under the catchment management plan (Green, 1999).

2.1.5 Land Use and Degradation
The majority (80.4%) of the North West Bay river catchment is comprised of natural
landtypes (eg forest, woodland, heath/ buttongrass, scrub, alpine heath/ grassland) with forest
(37.1%) being the predominant land type (Green, 1999). The remainder of the catchment is
comprised of agriculture, cleared bush and urban land uses (Table 1). Much of the farming
land has been subdivided into small acerages. This type of land has been zoned as rural
residential in the Kingborough Council’s planning scheme.
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In a regional context, the North West Bay River is in remarkably good condition in terms of
its remnant native vegetation and limited extent of weed infestation and erosion. Over 19 km
or 76% of the North West Bay River, including the headwater reach, gorge reach and most of
the throughput reach have largely intact natural values and are only marginally impacted by
weed invasion, clearing or erosion.
Table 1 North West Bay River catchment land use (from Green, 1999)
Land use Category

Area (ha)

% area

Forest
Agricultural
Woodland
Heath/ Buttongrass
Scrub
Alpine heath/ grassland
Rainforest
Cleared bush
Bare ground
Alpine Scrub/ forest
Urban
Alpine bare ground
Water

2970
1660
1310
1220
1110
504
259
141
94.5
53
46.5
10.5
4.3

31.66
17.69
13.96
13.00
11.83
5.37
2.76
1.50
1.01
0.56
0.50
0.11
0.05

Total Area

9380 (93.8km2)

Degraded reaches are recognised as being affected by some or all of the following: clearance
of riparian vegetation, weed infestation, stock access problems, river modification works and
extraction of river gravels. The North West Bay River has very few sections that may be
classified in the degraded category. The final 2km (8%) of the river prior to its entry into
North West Bay has evolved to such an extent that its natural character is no longer obvious.
Approximately 4km (16%) of the North West Bay River from Betts Rd at Neika to the Huon
Highway at Sandfly has been impacted by anthropogenic impacts but is classified as having
high recovery potential.

2.1.6 Hydrology
Water collected from North West Bay catchment has been used for water supply since 1873
when dams were built on two tributaries of the Plains Rivulet. In the 1890s a proposal was
made to add North West Bay River to the water supply scheme. This proposal was opposed
by the residents of Kingborough adjacent to the river on the grounds of riparian rights.
Parliamentary approval was given in 1900 on the condition that only half the annual flow of
the river was diverted and compensation being paid to the riparian owners (Crawford and
Ryan, 1988, Scripps, 1989). Hobart Water formerly the Hobart Regional Water Authority has
the responsibility of collecting and supplying water to metropolitan Hobart. Between 10 to
25% of Hobart’s water supply is derived from the Hobart Mountain supply area. North West
Bay River and the upper reaches of The Plains Rivulet comprise 9.75 km2 or 79.5% of the
Hobart Mountain supply area (the other 2.5 km2 or 20.5% being Browns River). These
figures also correspond to the actual ratio of water collected from each catchment. Hobart
Water has a license to draw 15000ML per annum from the Hobart Mountain supply area but
the quantity of water collected by Hobart water in recent years is far less than this figure due
to climactic conditions (low rainfall) and tightening of water quality guidelines (A. Truscott
pers comm).
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Table 2 The total volume of water collected from all intakes in the Hobart Mountain supply
area (including the North West Bay River Catchment and the Browns River Catchment).
Year

1978 - 1979
1979 - 1980
1980 – 1981
1981 – 1982
1982 – 1983
1983 - 1984
1984 - 1985
1985 – 1986
1986 – 1987
1987 - 1988
1988 – 1989
1989 – 1990
1990 - 1991
1991 - 1992
1992 - 1993
1993 - 1994
1994 - 1995
1995 - 1996
1996 - 1997
1997 - 1998
1998 – 1999
1999 - 2000
2000 - 2001

Hobart Mountain
Supply
(megalitres
per annum)
6229
5653
8207
6188
5869
6633
7282
8903
7808
6851
9827
7582
7381
8069
8176
7023
8804
12079
9764
6893
6202
4508
7126

North West Bay
takes (megalitres
per annum))

Browns River takes
(megalitres
per annum)

4983.2
4522.4
6565.6
4950.4
4695.2
5306.4
5825.6
7122.4
6246.4
5480.8
7861.6
6065.6
5904.8
6455.2
6540.8
5618.4
7043.2
9663.2
7811.2
5514.4
4961.6
3606.4
5700.80

1245.8
1130.6
1641.4
1237.6
1173.8
1326.6
1456.4
1780.6
1561.6
1370.2
1965.4
1516.4
1476.2
1613.8
1635.2
1404.6
1760.8
2415.8
1952.8
1378.6
1240.4
901.6
1425.2

Aside from water collected from North West Bay River by Hobart Water, there are many
local residents within the catchment that abstract water for domestic and agricultural use.
Water abstraction demands on the river come from Commissional Water Rights (CWR’s)
issued under the Water Act 1957. These CWR’s will soon be converted to Water Licences
under the Water Management Act 1999. Annual water takes total 282.85 megalitres with 158
of these consisting of winter storage and the rest (124.85 megalitres) for direct pumping
during the irrigation period (December to April).
Stream gauging data exists for the North West Bay River catchment from 1965 to 1990. The
gauging site is located at the Margate weir approximately 1km above the lower study site. As
the data set is not current, it was extended to January 2001 using the relationship or
correlation that exists between the North West Bay River and Snug River data sets. This
extension was achieved by forming an equation that estimated the monthly volume at North
West Bay River based on the monthly volume experienced at Snug River using regression
analysis. Flows for the two study reaches was estimated by scaling the flow data from
Margate weir using a ratio of catchment area (88.2:87 for the lower site and 20.4:87 for the
upper site). The monthly flows in the North West Bay River catchment is shown in Figure 2,
which provides a box and whisker style plot for the data from the DPIWE monitoring site at
Margate weir. The plot displays the median (or middle of the data) as a line across the inside
of the box. The bottom and top edges of the box mark the first and third quartiles
respectively, indicating the middle 50% of the data. The ends of the whiskers show the
spread of the data and together enclose 95% of the data. The dots beyond the whiskers
indicate the high and low extrema.
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In IFIM studies, the amount of suitable habitat (WUA) is assessed under natural flow
conditions and compared with that under regulated conditions and attempts are made to
minimise the losses in WUA from natural to regulated flow conditions. To estimate the
natural monthly volumes, the water licence allocations are added to the stream gauging data.
As the water licence data set is for the current irrigation period, water licences are adjusted
downward by 6% each year to reflect the water licence allocations for any particular year
(Sustainable Development Advisory Council, 1996).
The seasonal flow pattern (Figure 2) indicates flows peaking in the period July to August
although high flows have been recorded throughout the year. Lowest flows are experienced
between January and March and this period also corresponds to the peak irrigation demand in
the river. This seasonality and high variability ensure that many ecological processes
essential in riverine and wetland ecosystems are maintained including fish spawning (Beumer
1980), channel maintenance and flushing flows (Arthington et al. 1992), estuary productivity
(Jones et al. 1993; Whitfield 1996; Davies 1997a; Loneragan and Bunn 1999) and wetland
ecosystems (Thomas et al. 2000).

North West Bay
Average Monthly Flows (Ml/Day)
600

Flow (Ml/Day)

500

400
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Figure 2. Monthly flow analysis from the North West Bay River at the gauging station (1
cumec = 86.4ML/day)

2.1.7 North West Bay Estuary
Estuaries are typically defined as the interface of marine and freshwater systems. They are
semi-enclosed or periodically closed bodies of water that receive sediment sourced from both
river and marine environments and contain habitats influenced by tide, wave and river
processes (Edgar, et al, 1999, Heap et al, 2001). Anthropogenic activities within a catchment
can have significant impacts on the integrity of the estuarine ecosystem and environment
(Edgar et al., 1999). Land usage (eg; agriculture, forestry and urban development) within a
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catchment have been shown to alter water quality (eg; increased turbidity and nutrient loads,
and decreased oxygen levels) and water quantity (eg; abstraction for irrigation and domestic
water supply).
Estuarine habitats are highly valued by some sectors of society for their scenic qualities and
their high productivity, and the dependent commercial and recreational fisheries. They also
can have high conservation value if they provide viable habitat for threatened or endangered
flora and fauna. There is clearly an imperative to protect and maintain estuaries given the
combination of their high value and the vulnerability of essential estuarine processes to
reductions in fresh water inflows (Peirson et al., 2002).
The main river system draining into North West Bay is the North West Bay River. Other
streams include Snug River, Margate Rivulet, Coffee Creek, Snug Creek and some small
unnamed creeks. Apart from marine farming the bay is used for a range of recreational
pursuits including boating, sailing, canoeing, swimming, foreshore walking, fishing and as an
anchorage. The bay is shallow with large areas of mud flats, particularly in its northern
section (DPIWE, 1997).
Edgar et al. (1999) classified estuaries and associated catchments around Tasmania and
assessed the conservation significance of these areas. This was achieved through
determination of the similarity in physical attributes of estuaries state wide, the subsequent
ranking of the degree of human development within these groups and the assessment of the
diversity and conservation status of identified taxa (Edgar et al., 1999). As a result of the
high population density and the proportion of the catchment that has been affected by human
impact, the North West Bay estuary is considered to be of a severely degraded nature (Class
E) and of low conservation significance.
Despite the poor rating of the estuary, large areas of North West Bay are covered by seagrass
beds which provide important habitat and food resources for flora and fauna. In addition
there are endangered species listed in Tasmania’s Threatened Fauna Handbook (Bryant and
Jackson 1999) that occur in suitable habitat found in North West Bay. A species is regarded
as endangered if it is in danger of extinction because long-term survival is unlikely while the
factors causing them to be endangered continue operating. These species may be directly or
indirectly affected by alterations to the natural flow regime of the river (Table 3).
Table 3. Threatened estuarine species that may occur in suitable habitat in North West Bay
Species
Spotted Handfish
(Brachionichthys hirstutus)
South-east seastar
(Patiriella vivipara)

Listing
Endangered
Endangered

Habitat/occurrence
Occurs on muddy and sandy substrates at
depths between 2 to 30 metres
May occur on intertidal sandstone platforms
within the North West Bay area.

In managing the environmental impact of water extraction it is important to have some
understanding of the way in which biological risks are linked with the changing impacts
arising from water extraction. Currently there is very little information on these biological risk
versus water-extraction relationships for estuaries around Australia. Flows in the North West
Bay River are highly seasonal (See section 2.1.6). Studies must be undertaken to understand
present estuarine physical, chemical, water quality and sediment transport/geomorphological
behaviour and to assess the impact of current water use as well as proposed developments in
the catchment on the ecological, recreational, consumptive, and aesthetic values of the North
West Bay estuary.
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2.2. Site Selection
The study sites for assessing the relationship between habitat availability of key species and
water discharge was selected according to the protocol of Bovee (1982). North West Bay
River is divided into four reaches according to geomorphic characteristics (See Section
2.1.2). The top reach (headwater reach) was not surveyed due to the lack of water licences or
other abstractions. The first site was selected just upstream of the bridge on Betts Road which
is recognised as a breakpoint between the gorge reach and the transfer reach (Brierley, 1998).
A second site was selected below the Margate weir. This site is located in the throughput
reach and is representative of the lower sections of the North West Bay River.

2.2.1 North West Bay River upstream of Betts Road Bridge
The study site is approximately 306 metres long and is located 30m upstream of the Betts
Road Bridge (TASMAP grid reference 5244100N 516750E). This site was selected as being
representative of the river from approximately 1.5 kilometres above Betts Road bridge to the
Huon Highway bridge at Sandfly.(see Figure 1). The river throughout the gorge and
throughput reaches a maximum gradient of 1:10 and is dominated by large boulder and rock
deposits which move through the system during floods. The river at this site is characterised
by sequences of riffles interspersed with runs and/or glides flowing over predominantly
boulder-cobble substrate. Woody debris and rock deposits control the distribution of pools.

2.2.2 North West Bay River below Margate Weir
The study site is approximately 425.3 metres long and the first transect, T0 (TASMAP grid
reference 5238150N 520375E) is located approximately 1km downstream of the Margate
weir. This site is representative of the throughput reach from the Huon Highway bridge to a
point approximately 400 metres below the confluence of the North West Bay River with Blue
Gate Creek. The river in this reach falls to a gradient of 1:80 and the riverbanks and channel
are predominantly comprised of bedrock. The study site is characterised by short riffles
flowing over boulder and cobble substrate, punctuated by long glides, runs and broadwaters
with bedrock substrates.

3. Values
3.1 Community Values
The community values for the North West Bay River were identified at a meeting held at the
Sandfly Hall on the 22nd March 1999. The values as identified by representatives of various
interest and stakeholder groups are shown in Table 4. Values were then prioritised from 1 to
5 (1 denoting highest priority). Values not prioritised were considered to be equally of least
importance.
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Table 4. Community Water Values for the North West Bay River.
BROAD WATER
VALUE CATEGORIES
1. Ecosystem

SPECIFIC WATER VALUES
x
x
x
x
x
x
x
x
x

2. Consumptive and nonconsumptive use

x
x
x
x
x
x
x
x
x
x
x
x

3. Recreational

4. Physical Landscape

x
x
x
x
x
x
x
x
x
x
x

5. Aesthetic

x
x
x
x

Improve water quality.
Maintain platypus habitat.
Increase summer flows.
Provide occasional flushing flows.
Improve protection of catchment from further
human impacts
Improve wildlife habitat (terrestrial and
aquatic).
Establish ecologically sustainable water flows
Protection of riverine vegetation.
Minimise erosion, weed invasion and
distribution.
Minimise septic seepage.
Improve dilution flows.
Minimise stormwater pollution.
Minimise stock access and runoff.*
Improve fish habitat in river.
Maintain current agricultural Commissional
Water Rights.
Maintain household water supplies.
Provide water collection points for emergency
services.
Maintain riparian rights.
Improve potable water standards.
Review Hobart Water consumption.
Maintain the viability of the water supply to
the greater Hobart area.
Improve water quantity for swimming.
Define access to the river.*
Improve habitat for recreational fishing.
Remove horse riding trails from river.*
Maintain horse riding trails.*
Maintain water quantity for primary contact.
Centralised camping/day use facilities.*
Maintain or improve water for kayaking.
Maintain water in waterfalls and rock pools in
upper reach below the weir.
Minimise visual impact of development.*
Prevention of mining or removal of material
from river.*
Maintain minimum flows for visual and aural
impact.
Improve appearance of river by removing
exotic vegetation and revegetating with native
riparian vegetation.*
Repair and revegetate eroded banks.*
Arrest streambank erosion.*

PRIORITISATION
OF VALUES
1
3
2
4
*
3
1
*
*
*
4
*
*
5
4
1
5*
1
2
1
3

1
3*
2
*
*
1
*
4
1
3*
2*
1
2*

3*
3*

* The maintenance or enhancements of those values marked with an asterisk were not
considered to be influenced by changes in discharge or water quantity and will not be
discussed further in this report
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3.2 State Technical Values
The State Technical Panel identified additional values for the North West Bay River for
Environmental Water Requirements. The panel included representatives from DPIWE, all of
who provided advice on aquatic ecology, wetlands, geomorphology, riparian vegetation, and
estuarine ecology, fisheries biology and ecology. Environmental representatives from Hydro
Tasmania and a representative from the University with relevant expertise in environmental
flows were also present on the panel. The values that the panel thought warranted
consideration or further investigations were:
x Maintain suitable flow for shortfinned eel (Anguilla australis) populations and for the
protection of Australian grayling (Prototroctes maraena) which is listed as vulnerable in
the Tasmanian Threatened Species Act 1995.
x Maintain fish stocks, including Australian grayling (Prototroctes maraena), brown trout
(Salmo trutta), freshwater flathead (Pseudaphritis urvillii), spotted galaxiid (Galaxias
truttaceus) and common jollytail (Galaxias maculatus).
x Maintain rearing and/or spawning habitat brown trout (Salmo trutta), freshwater flathead
(Pseudaphritis urvillii), spotted galaxiid (Galaxias truttaceus) and common jollytail
(Galaxias maculatus),
x Maintain in-stream woody debris as habitat for native fish populations and trout.

3.3. Values Assessed
The values that are relevant to the ecological assessment of flow requirements for a river fall
into two categories: community nominated values; and state technical panel values. It should
be noted that while water quality was identified as a community value it was not assessed.
Davies and Humphries (1996) found that nutrient and turbidity levels in the South Esk river
basin were primarily correlated with flood flows. Under low flows no significant correlations
with water quality were detected. The same also applied to dissolved oxygen conditions in
pools. The water quality risks associated with declining flows during the irrigation season
were therefore not considered significant. In summary, the values that were considered by
DPIWE during the assessment of ecological requirements for flow in the North West Bay
River include:
x Maintain enough water for stream habitat for aquatic animals.
x Protection of the Australian grayling (Prototroctes maraena).
x Maintain rearing and/or spawning habitat for the short headed lamprey (Mordacia
mordax), brown trout (Salmo trutta), freshwater flathead (Pseudaphritis urvillii), spotted
galaxiid (Galaxias truttaceus) and common jollytail (Galaxias maculatus).
x Maintain fish stocks, including Australian grayling (Prototroctes maraena), Southern
brown trout (Salmo trutta), freshwater flathead (Pseudaphritis urvillii), spotted galaxiid
(Galaxias truttaceus) and common jollytail (Galaxias maculatus)
x Maintain in-stream woody debris as habitat for native fish populations and trout.
Values that were targeted for detailed and specific assessment include:
x Maintain shortfinned eel (Anguilla australis), jollytail (Galaxias maculatus) and brown
trout (Salmo trutta) populations.
x Maintain macroinvertebrate populations found in the North West Bay River.
x Maintain platypus populations and habitat.
Those values not specifically targeted are discussed in detail in section 6.
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4. Methodology
The method used to assess the flow requirements of key species (see Table 4.) was the
Instream Flow Incremental Methodology (IFIM), originally described by Bovee (1982). In
this process, the preferences of key species for velocity, depth and substrate parameters are
combined with transect-derived hydrological data at specific discharges. This data is then
incorporated into a suitability index, which is a function of available depth, velocity and
substrate. This suitability function is then summed over the study reach to give the Weighted
Useable Area, or WUA (refer to Jowett 1992).
Hydraulic simulation is used to generate velocity and depth data for each transect at the
discharges for which data are not available. The outcome is a plot of WUA against discharge
for each species or lifestage (see Appendix 1 and 2). The software package used for this
process was the RHYHABSIM (River HYdraulics and HABitat SIMulation) program
developed by Jowett (1992).

4.1 Physical Habitat Data
Transects were established at both sites, according to the protocol detailed by Bovee (1982).
Within each study reach, a number of distinctive sub-reaches were identified on the basis of
hydraulic characteristics and substrate (refer to Bovee, 1982). Transects were established
within each of these sub-reaches, perpendicular to the channel.
At each transect, a semi-permanent datum (or header peg) was established by driving a mild
steel star picket deep into the upper section of the bank. All measurements were taken
perpendicular to the direction of flow, to a point on the opposite bank at a similar height
above water level. Water surface elevation relative to the elevation of the header peg was
recorded at each transect.
On the initial visits on the 12th January 1999 (below Margate weir) and 18th January 1999
(Betts Rd), depth, average water velocity and substrate composition were measured and
recorded at regular intervals evenly distributed across the channel with a minimum of 10-15
wetted points. In this way each transect was divided into regular ‘cells’ by collecting all data
at the same distances from the header peg. Depth and velocity at 0.6 of the depth from the
surface were recorded at each of these points using a pre-calibrated Pygmy current velocity
meter and wading rod. Percentage substrate composition was also recorded at each location
using the following categories: aquatic vegetation; mud; sand; gravel; pebble; cobble; boulder
and bedrock. Substrate particles were characterised by the following modified Wentworth
scale:
R = Bedrock
B = Boulder
C = Cobble
P = Pebble
G = Gravel
S = Sand
M = Silt/Mud

>256 mm
64 - 256 mm
8 - 64 mm
2 - 8 mm
0.06 - 2 mm
<0.06mm

Two calibration gaugings were carried out at a suitable location within the study reach to
determine discharge. The height of the water surface from the datum peg was measured at
each transect at the same time. The data collected from these sites were entered into an
Excel¥ spreadsheet in the format required by the RHYHABSIM program.
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4.2 Biological Data
4.2.1 Invertebrates
A total of 20 biological samples were taken at the site below Margate weir on the 15th
January 1999. A further 24 samples were taken from the Betts Rd site on the 21st January
1999.
Sampling effort was stratified to fully represent the range of depth, velocity and substrate at
the sites. Stratification was carried out on the combined habitat data from both sites sampled,
using the methodology described by Davies et al. (1997b). At the Margate weir site,
sampling for macroinvertebrates was carried out by disturbing the substrate within a 1m2
quadrat upstream of a 250Pm kick net. The preserved samples were later sub-sampled to
20% (or a minimum of 200 animals). Due to the predominantly boulder/ cobble substrate at
the Betts Rd site, macroinvertebrates were collected using a surber sampler and the entire
sample was sorted. The invertebrates were identified to the lowest taxonomic level possible
using the most up-to-date taxonomic keys.
The resulting habitat preference information was used for the creation of WUA-Q curves for
individual macroinvertebrate taxa, macroinvertebrate taxon diversity and macroinvertebrate
taxon abundance. Key species were selected on the basis of: a)not having rare or patchy
abundance; and, b) exhibiting clear preferences for depth, velocity and substrate

4.2.2 Fish and Platypus
Habitat preference curves used for juvenile or 0+ brown trout (Salmo trutta) were developed
from data collected in March 1990 - 1993 by Davies and Diggle (unpublished data) and
preference curves for brown trout adults were developed by Bovee (1978). Habitat preference
curves were also from Jowett and Richardson (1995), who collected habitat preference
information for shortfinned eels (Anguilla australis), and jollytail (Galaxias maculatus).
Habitat preference curves for platypus were developed by Davies (2001)
The transfer of habitat preference curves between different catchments is regarded by many
ecologists as an acceptable practice for the above species. Examination of curves for brown
trout by previous workers has generally found that these curves are similar in their rise and
fall between rivers both in Australia and overseas (Dr Peter Davies, Freshwater Systems,
pers. comm.). Similarly, the habitat requirements for river blackfish (Jackson, 1978; Koehn,
1986; Davies 1989), shortfinned eels, and jollytails are also regarded as comparable between
rivers (Jowett and Richardson, 1995). Given the agreement among these ecologists in the
transfer of these curves, these preference curves have been adopted for use in this assessment.

4.3 Hydraulic Simulation
From the habitat data of both sites combined, and the biological samples collected, values of
useable habitat area (called Weighted Useable Area or WUA) were generated in m2/m of
stream channel for each species or lifestage at a range of discharges. The protocol for
generating these WUA-Q curves is that described by Jowett (1992), using the RHYHABSIM
hydraulic modelling and simulation package. A single Excel¥ data set, containing:
x
x
x
x

velocity, depth and substrate data at every offset for each transect;
locations of all water edges ;
inter-transect distances; and
stage-discharge relationships for each transects.
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This information was used to generate velocities and depths at discharges from 0 to 8.4
cumecs. Davies and Humphries (1996) describe the protocol used for the hydraulic
simulation.
Jowett (1992) describes the WUA-Q curve generation in detail. Habitat preference data were
combined with simulated velocity and depth data and the measured substrate data, so as to
calculate habitat suitability for each cell. The values for all cells from all transects were
combined to generate a species’ total habitat area (WUA) in m2/m or % of stream area for the
whole site for each discharge value. This process was used to generate WUA curves for both
sites, for all the key species and life stages (see Appendix 1 and 2).

4.4 Risk Analysis
The risk analysis used in this study is a modification of that developed by Davies and
Humphries (1996). Risk is based upon changes in useable habitat ('WUA) relative to a
reference flow. In this study the reference flows used (Qm) were the median monthly flows
at each site for the period 1965-2001 adjusted to account for irrigation takes (ie. the median
monthly flows at each site that would have occurred without abstraction). In this case there
are three risk categories (see Table 5), and eight variables. The variables include:
WUA for platypus.
WUA for brown trout adults.
WUA for brown trout early young of the year.
WUA for shortfinned eels.
WUA for jollytails.
WUA for macroinvertebrate taxon diversity.
WUA for macroinvertebrate taxon abundance.
WUA for key individual macroinvertebrate taxa (see Table 8 for a list of these species).
Grant and Bishop (1998) have suggested using habitat preference curves for total
macroinvertebrate abundance as an index for macroinvertebrate food availability to estimate
the critical flow requirements for platypus. More recently Davies (2001) has developed
habitat preference curves for platypus based on known substrate, depth, velocity and riparian
habitat preferences (Serena et al., 2001, Grant and McDonald, 1998, Bryant et al., 1999).
Table 5 Criteria for assigning risk levels to different values of change in habitat ('WUA)
relative to the reference flow (Qm) for the key ecological variables in this study. Derived from
Davies and Humphries (1996).
Risk Category
Variable
'WUA for platypus, trout, jollytail
and eels and taxon diversity and
taxon abundance (variables 1-7)
'WUA for individual
macroinvertebrate taxa
(variable 8)

I
II
No Risk
Moderate Risk
>85% WUA cf Qm 60-85% WUA
cf Qm

III
High Risk
<60%
WUA cf Qm

<10% taxa with
t10% of taxa with
<75% WUA cf Qm <75% WUA cf Qm &
<25% of taxa with
<75% WUA

>25% of taxa
with <75%WUA
cf Qm

The risk assessment was conducted as follows for each of the above variables:
x
x

WUA as it varies with Q is normalised so that at the maximum (Qm), (WUAm) is 100%
Qn can then be read directly from the relevant percentage of WUAn where
WUAn = Weighted Usable (habitat) Area for month of concern (pre-offtake median flow)
Qn= Boundary flow for risk level during month of concern ( n )
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4.4.1 Worked example of Risk Analysis.
To determine the flow at which there is no risk to adult trout at North Esk River,
Watery Plains reach in December (some values excluded for brevity):
1. RHYHAB gives values for WUA as it varies with Q:
Flow
(Qm)
0.05
0.45
0.85
1.25
1.65
2.05
2.45
2.85
3.25
3.65
3.85

WUA
(m2/m)
0.94
2.95
3.93
4.63
5.31
5.91
6.2
6.37
6.47
6.53
6.55

NB: the maximum flow given (3.85 cumecs) would be the pre-irrigation median monthly
flow for December and the corresponding WUA value is then normalised in the next step.
2. This is then normalised so that at the maximum Qm, WUAm, is 100%:
Flow
(Qm)
0.05
0.45
0.85
1.25
1.65
2.05
2.45
2.85
3.25
3.65
3.85

Normalised
WUA
14.35
45.04
60.00
70.69
81.07
90.23
94.66
97.25
98.78
99.69
100.00

3. Qn can then be read directly from the relevant percentage of WUAn on the graph
where:
WUAd = Weighted Useable (habitat) Area for December (pre-offtake median flow)
Qn= Boundary flow for risk level during month of concern ( n )
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ie. to get the no risk flow, the percentage WUA above 1.8 cumec, there should be no
risk to trout adults in the North Esk River at the Watery Plains reach in December.

5 Results
5.1 Physical Habitat Data
Hydrological and substrate information was collected at the site below Margate weir for the
discharge of 0.116 cumecs on the 12/1/99. Subsequent gauging visits were carried out when
the discharge was 0.394 cumecs (11/2/99) and 0.969 cumecs (27/7/00). Initial physical
habitat data for the site at Betts Road was collected on the 18/1/99 when the discharge was
0.062 cumecs. Subsequent gaugings were carried out at 0.207 and 0.639 cumecs on the
16/3/99 and 20/7/00 respectively. Ranges of depth, velocity and substrate at the site are
presented in Table 6.
Table 6. Ranges of depth, velocity and substrate at each site on North West Bay River
Variable
Depth (m)
Velocity (m/s)
Silt (%)
Sand (%)
Gravel (%)
Pebble (%)
Cobble (%)
Boulder (%)
Bedrock (%)

Margate Weir
0 - 1.081
0 - 0.599
0 - 100
0 - 85
0 - 50
0 - 75
0 - 90
0 - 100
0 - 100
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Betts Road
0 – 0.448
0 – 0.73
0 - 100
0-5
0 - 50
0 - 70
0 - 90
0 - 100
0 - 100

5.2 Biological Data
A total of 20 biological samples were taken at the site below Margate weir on the 15th
January 1999. A further 24 samples were taken from the Betts Rd site on the 21st January
1999. WUA-Q curves were developed for each of the key taxa listed in Table 7. These
curves are provided in Appendix 1 and 2.
Table 7: Selected taxa for which WUA curves were developed
Type
Monotreme
Fish
Invertebrates
Insects

Common name
Platypus
Brown trout
Jollytail
Shortfinned eel

Taxon
Ornithorhynchus anatinus
Salmo trutta
Galaxias maculatus
Anguilla australis

Mayflies

Baetidae genus 2
Nousia spp.
Atalophlebia spp.
Tasmanocoenis spp.
Tilyardphlebia spp.
Stoneflies
Austrocercoides spp.
Austropentura spp.
Eusthenia spp.
Trinotoperla zwicki
Leptoperla varia
Caddisflies
Agapetus spp.
Caenota plicata
Cheumatopsyche sp.3
Cheumatopsyche sp.4
Conoesucus spp.
Ecnomus spp.
Hellyethira exserta
Notalina spp.
Notalina sp. AV1
Oxyethira mienica
Plectrocnemia sp.AV1
Midges
Chironominae
Orthocladinae
Podonominae
Tanypodinae
Flies
Cerapatogonidae
Austrosimulium furiosum
Tipulidae
Beetles
Austrolimnius sp.L32E
Simsonia leai
Kingolus aeratus
Kingolus flavoplagiatus
Scirtidae spp.
Sclerocyphon aquaticus
Turbellaria
Flatworms
Oligochaeta
Worms
Mites
Hydracarina
Freshwater Mites
Freshwater Crustaceans Amphipods (scuds) Paraleptamphopus spp.
Paracallipoe spp.
Freshwater limpet Ferrissia tasmanica
Molluscs
Snails
Glyptophysa spp.
Hydrobiid spp.
Planorbidae spp.
Rivisessor gunnii
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Lifestage (s)
adults
juvenile, adults
adults
adults
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
larvae
adults and larvae
larvae
larvae
larvae
larvae
larvae
adults
adults
adults
adults
adults
adults
adults
adults
adults
adults

5.3 Risk Analysis
Table 8. Flows for each risk category, North West Bay River above Betts Rd Bridge
(cumecs).
December
Risk Category
Adult S. trutta
0+ S. trutta
G. maculatus
A. australis
Platypus
macroinvert. taxa
Taxon abundance
Taxon diversity
Flow
January
Risk Category
Adult S. trutta
0+ S. trutta
G. maculatus
A. australis
Platypus
macroinvert. taxa
Taxon abundance
Taxon diversity
Flow
February
Risk Category
Adult S. trutta
0+ S. trutta
G. maculatus
A. australis
Platypus
macroinvert. taxa
Taxon abundance
Taxon diversity
Flow
March
Risk Category
Adult S. trutta
0+ S. trutta
G. maculatus
A. australis
Platypus
macroinvert. taxa
Taxon abundance
Taxon diversity
Flow
April
Risk Category
Adult S. trutta
0+ S. trutta
G. maculatus
A. australis
Platypus
macroinvert. taxa
Taxon abundance
Taxon diversity
Flow

Low Risk
> 0.068
> 0.014
> 0.044
> 0.042
> 0.046
> 0.054
> 0.037
> 0.039
> 0.068

Moderate Risk
0.068 – 0.032
0.014 – 0.007
0.044 – 0.018
0.042 – 0.011
0.046 – 0.017
0.054 – 0.044
0.037 – 0.011
0.039 – 0.014
0.068 – 0.044

High Risk
< 0.032
< 0.007
< 0.018
< 0.011
< 0.017
< 0.044
< 0.011
< 0.014
< 0.044

Low Risk
> 0.026
> 0.016
> 0.026
> 0.021
> 0.025
> 0.026
> 0.02
> 0.022
> 0.026

Moderate Risk
0.026 – 0.014
0.016 – 0.007
0.026 – 0.008
0.021 – 0.004
0.025 – 0.006
0.026 – 0.019
0.02 – 0.005
0.022 – 0.007
0.026 – 0.019

High Risk
< 0.014
< 0.007
< 0.008
< 0.004
< 0.006
< 0.019
< 0.005
< 0.007
< 0.019

Low Risk
> 0.025
> 0.016
> 0.024
> 0.019
> 0.023
> 0.02
> 0.02
> 0.021
> 0.025

Moderate Risk
0.025 – 0.013
0.016 – 0.007
0.024 – 0.007
0.019 – 0.004
0.023 – 0.005
0.02 – 0.016
0.02 – 0.005
0.021 – 0.006
0.025 – 0.016

High Risk
< 0.013
< 0.007
< 0.007
< 0.004
< 0.005
< 0.016
< 0.005
< 0.006
< 0.016

Low Risk
> 0.031
> 0.017
> 0.031
> 0.024
> 0.03
> 0.031
> 0.023
> 0.025
> 0.031

Moderate Risk
0.031 – 0.016
0.017 – 0.007
0.031 – 0.011
0.024 – 0.005
0.03 – 0.009
0.031 – 0.027
0.023 – 0.005
0.025 – 0.01
0.031 – 0.027

High Risk
< 0.016
< 0.007
< 0.011
< 0.005
< 0.009
< 0.027
< 0.005
< 0.011
< 0.027

Low Risk
> 0.041
> 0.016
> 0.036
> 0.029
> 0.036
> 0.044
> 0.026
> 0.03
> 0.044

Moderate Risk
0.041 – 0.013
0.016 – 0.007
0.036 – 0.014
0.029 – 0.006
0.036 – 0.012
0.044 – 0.034
0.026 – 0.007
0.03 – 0.011
0.044 – 0.034

High Risk
< 0.013
< 0.007
< 0.014
< 0.006
< 0.012
< 0.034
< 0.007
< 0.011
< 0.034
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Table 9. Flows for each risk category, North West Bay River below Margate Weir (cumecs).
December
Risk Category
Adult S. trutta
0+ S. trutta
G. maculatus
A. australis
Platypus
macroinvert. taxa
Taxon abundance
Taxon diversity
Flow
January
Risk Category
Adult S. trutta
0+ S. trutta
G. maculatus
A. australis
Platypus
macroinvert. taxa
Taxon abundance
Taxon diversity
Flow
February
Risk Category
Adult S. trutta
0+ S. trutta
G. maculatus
A. australis
Platypus
macroinvert. taxa
Taxon abundance
Taxon diversity
Flow
March
Risk Category
Adult S. trutta
0+ S. trutta
G. maculatus
A. australis
Platypus
macroinvert. taxa
Taxon abundance
Taxon diversity
Flow
April
Risk Category
Adult S. trutta
0+ S. trutta
G. maculatus
A. australis
Platypus
macroinvert. taxa
Taxon abundance
Taxon diversity
Flow

Low Risk
> 0.26
> 0.29
> 0.125
> 0.16
> 0.19
> 0.17
> 0.15
> 0.175
> 0.29

Moderate Risk
0.26 – 0.155
0.29 – 0.115
0.125 – 0.04
0.16 – 0.035
0.19 – 0.05
0.17 – 0.12
0.15 – 0.045
0.175 – 0.05
0.29 – 0.155

High Risk
< 0.155
< 0.115
< 0.04
< 0.035
< 0.05
< 0.12
< 0.045
< 0.05
< 0.155

Low Risk
> 0.14
> 0.12
> 0.08
> 0.08
> 0.085
> 0.085
> 0.07
> 0.09
> 0.14

Moderate Risk
0.14 – 0.08
0.12 – 0.02
0.08 – 0.025
0.08 – 0.02
0.085 – 0.02
0.085 – 0.06
0.07 – 0.025
0.09 – 0.02
0.14 – 0.08

High Risk
< 0.08
< 0.02
< 0.025
< 0.02
< 0.02
< 0.06
< 0.025
< 0.02
< 0.08

Low Risk
> 0.11
> 0.115
> 0.07
> 0.06
> 0.075
> 0.065
> 0.065
> 0.07
> 0.115

Moderate Risk
0.11 – 0.06
0.115 – 0.02
0.07 – 0.02
0.106– 0.02
0.075 – 0.02
0.065 – 0.05
0.065 – 0.02
0.07 – 0.02
0.115 – 0.06

High Risk
< 0.06
< 0.02
< 0.02
< 0.02
< 0.02
< 0.05
< 0.02
< 0.02
< 0.06

Low Risk
> 0.16
> 0.12
> 0.08
> 0.09
> 0.1
> 0.095
> 0.08
> 0.11
> 0.16

Moderate Risk
0.16 – 0.09
0.12 – 0.02
0.08 – 0.025
0.09 – 0.02
0.1 – 0.025
0.095 – 0.06
0.08 – 0.03
0.11 – 0.03
0.16 – 0.09

High Risk
< 0.09
< 0.02
< 0.025
< 0.02
< 0.025
< 0.06
< 0.03
< 0.03
< 0.09

Low Risk
> 0.2
> 0.125
> 0.1
> 0.125
> 0.14
> 0.12
> 0.12
> 0.14
> 0.2

Moderate Risk
0.2 – 0.12
0.125 – 0.02
0.1 – 0.035
0.125 – 0.025
0.14 – 0.04
0.12 – 0.08
0.12 – 0.04
0.14 – 0.04
0.2 – 0.12

High Risk
< 0.12
< 0.02
< 0.035
< 0.025
< 0.04
< 0.08
< 0.04
< 0.04
< 0.12
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At Betts Road, the Environmental Water Requirements (ie the no risk category) are governed
by the flow requirements for adult brown trout during months December to March. In April,
the Environmental Water Requirements are determined by the flow requirements for
macroinvertebrates. The macroinvertebrate taxa that have determined the EWRs for April are
the caddisfly larvae of Notalina spp. and Caenota plicata. At the site below Margate weir,
the Environmental Water Requirements are governed exclusively by the flow requirements
for adult and juvenile brown trout. While it is important to consider the implication of
different flow regimes on individual taxa (macroinvertebrate and fish), it is important to
adequately protect populations and habitat for the Australian grayling, Prototroctes maraena.
It is strongly recommend that flows remain in the ‘low risk’ category to ensure these values
are maintained.
From Table 10 it is evident that the flows in the North West Bay River below Margate weir
have been in the ‘high risk’ category on many occasions during previous irrigation periods
and therefore have not been sufficient to maintain the ecological and recreational community
and scientific water values set out for this catchment. The frequency of high risk flows at the
Betts Road site is even greater as under summer base flows, all of the water from the upper
catchment is diverted into the water supply system of Hobart, leaving no flow below the
Hobart Water offtake weir. Water reaching the Betts Road site is almost entirely derived
from runoff and unregulated tributary flows.
Table 10:Median monthly flows (in cumecs) for the North West Bay River for the study site
below Margate weir for the period of record (1965 to 1990). Values highlighted indicate
flows in the high risk (red) and moderate risk (yellow) categories.
Year/Month Jan
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

0.30
0.32
1.25
0.34
8.38
4.65
0.84
0.14
0.20
0.51
0.49
0.67
0.06
0.08
0.02
0.03
0.05
0.01
0.03
0.33
3.61
0.42
0.01
0.21
0.03

Feb
0.40
0.37
0.99
2.84
1.30
5.86
0.57
0.12
0.20
0.18
0.20
0.26
0.74
0.05
0.02
0.02
0.01
0.00
0.01
0.28
0.25
0.04
0.02
0.03
0.25

Mar
1.55
0.51
0.70
1.14
4.64
0.75
0.29
0.23
0.17
0.62
0.28
1.87
0.10
0.21
0.13
0.33
0.24
2.10
0.02
0.67
0.14
0.09
0.01
0.22
0.01

Apr
1.01
0.43
1.06
2.02
1.06
0.63
0.46
0.46
1.39
0.28
0.13
0.29
0.48
0.11
0.25
0.27
0.10
0.65
0.05
1.49
0.43
0.03
0.09
0.15
0.10

May
0.89
0.32
1.70
5.50
1.12
3.80
0.32
4.76
0.83
1.83
0.18
0.31
0.42
0.12
0.61
0.68
0.38
0.27
0.08
0.28
5.57
0.20
1.50
0.10
0.13
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Jun

Jul

Aug
1.82
0.54 3.39 1.69
0.24 4.21 2.66
1.97
2.89 2.03 2.26
3.57 2.83 7.87
1.68 1.05 2.08
0.32 1.57 1.46
0.99 0.62 0.50
1.88 6.04 1.65
1.52 3.57 6.77
0.96 0.43 3.93
0.88 2.34 0.81
2.99 1.42 2.41
0.07 0.08 0.85
0.56 0.63 0.45
4.61 1.09 1.56
0.34 0.71 0.22
0.86 4.03 0.46
0.06 2.32 3.43
0.58 1.17 1.29
0.43 2.19 2.60
0.24 0.45 0.31
0.59 2.51 0.70
0.52 0.92 0.65
0.13 1.70 1.09

Sep
0.60
5.88
2.53
1.71
2.51
2.10
0.54
0.68
1.17
1.78
1.74
0.71
1.02
1.07
0.79
0.59
0.57
6.79
2.28
0.63
0.50
0.47
0.64
0.30

Oct
0.40
3.46
0.61
1.26
1.20
2.88
2.09
0.39
1.78
0.58
5.53
2.44
0.28
0.21
0.38
0.51
0.27
0.16
1.55
1.43
1.03
0.53
0.46
1.48
0.90

Nov
0.73
0.63
2.23
1.31
9.16
2.68
3.26
0.30
1.58
0.41
4.04
4.06
0.35
0.69
0.09
0.94
0.10
0.05
0.70
0.79
0.79
0.14
0.17
1.61
0.22

Dec
1.02
0.43
1.97
0.65
7.52
5.52
0.63
0.18
0.47
0.51
0.42
1.17
0.15
0.34
0.07
0.17
0.13
0.19
0.14
1.39
8.45
0.85
0.35
0.24
0.04

6 Discussion
Before discussing the implications of the risk analysis results, it is important to re-iterate the
caveat stated at the beginning of the report. This is that the flows are only appropriate for the
individual months for which they have been recommended. However, hydrological processes
operating throughout the year dictate the ecological integrity of rivers, and if there is further
development of the water resource the issue of non-summer flows will require attention and
further assessment.
It should also be stressed that an essential part of setting an environmental flow is the
monitoring of compliance and environmental benefit. Further assessment may need to be
undertaken in the future if monitoring highlights values that are not being met by the
negotiated flow regime.
The primary objective of this study is to identify flows that will restore, at least partially, the
ecological condition of the North West Bay River. The data from this study can be used to
determine the optimum ‘low flow’ discharge for in-stream biota. It should be however noted
that the use of the IFIM methodology to set minimum flows does not directly imply a
recovery in biological condition, merely an increase in habitat available for aquatic species.
Biological recovery of a river is dependent on many other factors other than increase in the
amount of physical habitat.
Any risk assessment must be made relative to some reference period. In this study the
reference flows used were the median monthly flows at each site for the period 1965 - 2001,
adjusted to account for irrigation takes and water supply. (In other words, the flows used
were estimations of the median monthly flows that would have occurred at each site without
abstraction). Medians have been used for the risk analysis rather than means due to the effect
of high flow events skewing means upward and away from a true measure of the central
tendency of the data.
The optimum flows recommended relate to the values specifically considered, including:
x Maintain enough water for stream habitat for aquatic animals.
x Maintain rearing and/or spawning habitat for, brown trout (Salmo trutta) and common
jollytail (Galaxias maculatus),
x Maintain fish stocks, including brown trout (Salmo trutta), common jollytail (Galaxias
maculatus) and shortfinned eel (Anguilla australis) populations
x Maintain platypus populations and habitat.
The risk analysis also indirectly assesses other values nominated by the community including:
x Increasing summer flows
x Establishing ecologically sustainable water flows
It is evident that current summer flows in the upper reaches of North West Bay River do not
provide optimum habitat availability for the majority of taxa which may have implications on
the ecological values identified for this river. However, additional discharge into the channel
of North West Bay River below the water supply intake weir will provide environmental
benefit for all fauna (as measured by increased WUA).
Winter flows are less of a concern as during high flows or after heavy rainfall events, water
quality often deteriorates rapidly to the point where Hobart Water “turns-out” or rejects the
water from the catchments. This means that medium to high level flushing flows are largely
unaffected by Hobart Water’s water supply operations at present.
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6.1 Vertebrate Fauna
6.1.1 Mordacia mordax
Requirements for the maintenance of rearing and spawning habitats for lampreys (Mordacia
mordax) are described in Koehn (1990). Mordacia mordax enters fresh water to breed,
migrating upstream to headwaters between November and March (Potter, 1996). Actual
spawning occurs between July and September. Newly hatched ammocetes larvae live in soft
mud. Downstream migration to the sea usually occurs in spring about three to four years
after hatching.
The spawning requirements for this species is likely to be unaffected by the current water
demand in the North West Bay River as these lifestages occur outside of high water demand
and as a result were not considered further in this report.

6.1.2 Salmo trutta
Brown trout (Salmo trutta) spawn in late autumn. Eggs are deposited in gravel nests or egg
pockets (redds) in streams and eggs take at least 28 days to hatch. Spawning of brown trout
occurs between April and August (Davies and McDowell, 1996).
While snags are indeed important as habitat for native fish and trout, it is beyond the capacity
of this assessment to ensure their maintenance. Davies and Humphries (1996) examined the
relationship between flow and wetted area of snag and found that only small changes in the
amount of snag inundation occur within the flow ranges typical of the irrigation season.
Other issues outside the management of water quantity, such as riparian zone management
and large woody debris removal or replacement, will have greater influence on this value.

6.1.3 Pseudaphritis urvillii
Few details of the life history of freshwater flathead (Pseudaphritis urvillii) are available, but
the adults appear to migrate downstream to spawn in estuaries from late April to August
(Andrews, 1996). Their preferred freshwater habitat is usually slow flowing water around
log snags, under overhanging banks or among leaf litter. As little is known of the spawning
requirements of the freshwater flathead, the assessment of the influence of flow on their
spawning was beyond the resources of this study.

6.1.4 Galaxias truttaceus and Galaxias maculatus
The spotted galaxiid (Galaxias truttaceus) is similar to the common jollytail (Galaxias
maculatus) in that both species have a marine juvenile stage and a diadromous life cycle.
Non land-locked populations migrate downstream to estuaries during autumn-spring tides
where spawning and hatching occurs. The newly hatched larvae are swept out to sea and the
juveniles eventually migrate back to shore and enter freshwater streams during late winter or
spring (Fulton, 1990). Both species form a large part of the whitebait runs at this time. Flow
requirements have not been assessed for the whitebait run since it occurs outside of the
irrigation season. In addition, habitat preference information is not available for any
lifestages of Galaxias truttaceus and therefore the assessment of their flow requirements is
outside the scope of this study.
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6.1.5 Prototroctes maraena
The reproductive period for the Australian grayling (Prototroctes maraena) is from late
summer to early autumn although Fulton (1990) suggests that spawning in Tasmania may
take place from late spring to early summer. Each female produces about 25,000 to 68,000
eggs that sink to the bottom just downstream of the spawning site (McDowall, 1996a).
Newly hatched larvae are thought to be swept down to estuaries where they remain for about
6 months before returning to freshwater to complete their lifecycle. As little is known of the
spawning requirements of the grayling, the assessment of the influence of flow on their
spawning was beyond the resources of this study.

6.1.6 Ornithorhynchus anatinus
Despite the heightened 'awareness' of platypus (Ornithorhynchus anatinus) at the community
level within Australia, there is little information related to the habitat requirements of the
species (Serena et. al., 1998). Within Tasmania the platypus is relatively common (with the
exception of the Furneaux group) and can be found in lakes, streams and artificial water
bodies (Connolly and Obendorf, 1998). Platypus occur in the waterways of the North West
Bay River catchment and have been observed from near sea level to the headwaters on the
Mt. Wellington plateau (Green, 1999). Platypi are seasonal breeders and enter breeding
condition during late winter (Gust and Handasyde, 1995), though the exact timing is possibly
dependent on location (Connolly and Obendorf, 1998). The young tend to be well developed
at around 6 weeks and arecapable of spending periods of time out of their burrows. Serena et.
al. (1998) found that the position of the entrance of a burrow is influenced by the flow regime
within a river, with areas that would be inundated under high flow conditions being avoided.
By 4 to 5 months of age the young have been fully weaned (Watts, 1993) and have started
foraging on adult prey. Platypus feed opportunistically on a range of prey items including
benthic macroinvertebrates, such as worms, crustaceans, molluscs (Watts, 1993), small
vertebrates such as tadpoles and fish eggs (Gust and Handasyde, 1995).
Changing water levels have been shown to have a substantial influence on habitat utilisation
by platypus with individuals exhibiting a preference for low flow areas over strong current
areas whilst foraging (Gust and Handasyde, 1995). The advantages of using low flow areas
such as back waters probably include the substantial reduction in the energetic costs of
maintaing foraging position within the reduced flow and increased prey availability (Gust and
Handasyde, 1995).

6.2 Flow Recommendations
This section offers a summary of the flows that provide defined risks to the maintenance of
ecological values in the North West Bay River reaches. The Environmental Water
Requirements are those flows that ensure "No risk" to the ecological values for North West
Bay River. Given that spawning and rearing of the above fish species is largely outside the
summer low-flow period, these values are unlikely to be affected at present. However,
substantial reductions in flows may cause dewatering of the preferred habitats of many of
these fish species, making the fish more vulnerable to predation. In addition, although the
spawning of the above fish species occurs during Spring, Autumn and into Winter, at times
that are largely outside of the irrigation season, provisions should also be made to ensure
adequate flows to enhance the recruitment success of these species. This may mean ensuring
that minimal offtakes into offstream storages occurs during these non-irrigation times. It is
however outside the scope of this study to address these issues with accuracy for determining
specific Environmental Water Requirements for the non-irrigation periods.
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The flow recommendations resulting from the risk analysis are considerably influenced by the
water requirements for adult trout and macroinvertebrate species that were found to occur in
the river. These were identified as a prominent value within the community and by the State
Technical Panel for environmental flows. It should be noted that healthy macroinvertebrate
populations provide an essential and highly significant portion of the diets of many fish and
serve a crucial role in the processing of energy in lotic ecosystems (Gore, 1987). In addition,
many macroinvertebrates have been shown to have narrow ranges of tolerance to changes in
flow (Gore, 1977). Therefore ensuring flow regimes that protect habitats is an integral step in
maintaining the perpetuation of both fish and macroinvertebrate populations, and the
maintenance of ecological values in North West Bay River.

6.2.1 North West Bay River upstream of Betts Road Bridge
Table 11 provides a summary of Environmental Water Requirements that will provide certain,
defined risks to the maintenance of ecological values in the upper reach of North West Bay
River. These risks only apply to this reach (see section 2.2.1 for details of the extent of the
reach). We strongly recommend that flows in the "low risk" range should remain in the river
for maintaining instream habitat for aquatic animals including fish populations.
Table 11. Flows for each risk category, upper reach of North West Bay River
Risk Category
Month

I
Low risk(EWR)
Cumecs ML/Day

Dec
Jan
Feb
Mar
Apr

> 0.068
> 0.026
> 0.025
> 0.031
> 0.044

> 5.88
> 2.25
> 2.16
> 2.68
> 3.80

II
Moderate risk
Cumecs
ML/Day
0.068 – 0.046
0.026 – 0.020
0.025 – 0.013
0.031 – 0.029
0.044 – 0.036

5.88 – 3.97
2.25 – 1.73
2.16 – 1.12
2.68 – 2.51
3.80 – 3.11

III
High risk
Cumecs ML/Day
< 0.046
< 0.02
< 0.013
< 0.029
< 0.036

< 3.97
< 1.73
< 1.12
< 2.51
< 3.11

6.2.2 North West Bay River below Margate Weir
Table 12 provides a summary of Environmental Water Requirements that will provide certain,
defined risks to the maintenance of ecological values in the lower reach of North West Bay
River. These risks only apply to this reach (see section 2.2.2 for details of the extent of the
reach). We strongly recommend that flows in the "low risk" range should remain in the river
for maintaining instream habitat for aquatic animals including fish populations.
Table 12. Flows for each risk category for the lower reach of North West Bay River
Risk Category
Month

I
Low risk(EWR)
Cumecs ML/Day

Dec
Jan
Feb
Mar
Apr

> 0.29
> 0.14
> 0.115
> 0.16
> 0.2

25.06
12.10
9.94
13.82
17.28

II
Moderate risk
Cumecs
ML/Day
0.29 – 0.155
0.14 – 0.08
0.115 – 0.06
0.16 – 0.09
0.2 – 0.12
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25.06 – 13.39
12.10 – 6.91
9.94 – 5.18
13.82 – 7.78
17.28 – 10.37

III
High risk
Cumecs ML/Day
< 0.155
< 0.08
< 0.06
< 0.09
< 0.12

< 13.39
< 6.91
< 5.18
< 7.78
< 10.37
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Appendix 1. Habitat area (WUA)- Discharge (Flow) relationships
for all species, taxa and life stages of fish and macroinvertebrates
at the North West Bay River – Betts Road study site.
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Appendix 2 Habitat area (WUA)- Discharge (Flow) relationships
for all species, taxa and life stages of fish and macroinvertebrates
at the North West Bay River below Margate Weir study site.
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