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EXCEUTIVE SUMMARY

1. The Australian Alps differs from most of the other alpine areas of the world
because it makes up only a small proportion of the continent and the mountains of
the Alps are small by world standards. The Alps is a significant area containing
some of the few remaining areas of Australia in which environmental quality
comes close to pre-European conditions. Thus, it is important to make sure such
conditions are preserved.
2. Many land uses threaten the physical, chemical and ecological condition of the
streams and rivers of the Australian Alps. Increased tourist pressure, recreation,
tourism, river regulation, erosion, sedimentation, willow encroachment and
reduced flows from water abstraction are all issues that threaten the ecological,
conselvation and water quality values of the Alpine National Park.
3. Current water quality monitoring of the Australian Alps has focussed on
physical and chemical measures, with little information available about the biota,
especially in the Victorian Alps. There are many areas of the Australian Alps for
"vhich no water quality data exist.
4. Water quality information for the Victorian Alps is poor, with sparse sampling
locations and much data yet to be analysed. Some water quality studies have been
undertaken for the lower Snowy River, although much work has been undertaken
outside the park. While water quality monitoring has been undertaken on the
Macalister, Mitchell, Mitta Mitta Rivers the majority of these data come from few
sparsely distributed stations, many of which are located outside the boundaries of
Alpine National Park. Generally, adequate coverage of the region is severely
lacking and most measures of water quality have been physical and chemical,
overlooking the ecological values of sites in many cases.
5. Water quality monitoring of the Alps of NSW has been largely associated with
the Ski resorts. Much of this highlights the importance of monitoring and having
strict control over the levels of nutrients in the effluent that enters the streams
downstream of the sewage treatment plants. Substantial knowledge exists on the
streams in Kosciuszko National Park, particularly for the Snowy and Thredbo
Rivers and their tributaries. However, there are many streams in the NSW Alps
for which no water quality data exist. Many of the other dispersed (camping,
four-wheel driving, walking etc) activities within the National Parks are not
monitored and may pose threats to the water quality and ecological integrity of
streams and Rivers within the national Parks of the Australian Alps.
6. Water quality information for Namadgi National Park in the ACT is restricted
to a few streams, with little known about the streams and rivers in the
mountainous areas of the park. Biological monitoring has been undertaken at a
few sites within the park. Those sites located in relatively undisturbed areas were
described as being in good condition. While a few other sites surrounded by
agriculture or camping had impaired biological condition. Therefore, further
water quality monitoring is also required in Namadgi National Park.
7. Further investigations into the aquatic ecology, water quality and land use
activities are required to address the knowledge gaps that have been identified in
this report. In addition, a consolidation of the various ecological assessment
methods used and analysis of environmental water requirements is also needed.
8. Effective water quality monitoring in the Alpine National Park requires the
implementation of a biological monitoring program that can accurately monitor a
large number of sites within the park and provide information on the ecological
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integrity and water quality of the rivers and streams. Such a program would also
provide targets or baselines against which other samples and impacts could be
compared, provide information to develop more effective water quality guidelines
and management strategies and identify the impact of dispersed recreation on the
water quality of streams in the alps.
9. An integrated monitoring program would enable assessment of the
effectiveness of river management activities, in terms of improving river stability,
water quality, habitat conditions and ecological health.
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1. INTRODUCTION
1.1 The Australian Alps
The Australian Alps differs from most of the other alpine areas of the world because it
makes up only a small proportion of the continent and the mountains of the Alps are
small by world standards (Nankin 1983; Grenier and Good 1992). The Australian
Alps were formed from the highest peaks of the southern part of the Great Dividing
Range (Costin 1989; Grenier and Good 1992). They extend from the Brindabella
ranges in the Australian Capital Territory (ACT) southward through the Snowy
Mountains in Ne,v South Wales (NSW) to the dissected highlands of Victoria (VIC)
(Costin 1989; Grenier and Good 1992). Maximum elevation of the Alps is at Mt
Kosciuszko (2 228m ASL), which has a lower elevation than the highest mountains of
other alpine areas (Grenier and Good 1992). Some of the other high peaks
encompassed in the Alps include Mt Bogong (1 986m), Mt Feathertop (1 922m), Mt
Nelse (1 882m), Mt Cobberas (1 833m), Mt Bulla (1 804m) and Mt Howitt (1 742m)
(Nankin 1983). While these peaks are modest by world standards, they form a unique
part of the Australian terrain. The Alps is a significant area containing some of the
few remaining areas of Australia in which environmental quality comes close to preEuropean conditions (Nankin 1983; Grenier and Good 1992). Thus, it is important to
make sure such conditions are preserved.
Precipitation in the Alps ranges from 400mm to 3 OOOmm per year. Above 1500m
frosts and blizzards may occur at any time of the year (Nankin 1983; Grenier and
Good 1992). Snow u{lually accumulates between June and September and the
snowline generally extends to down t01200m (Nankin 1983; Grenier and Good 1992),
however, no snow remains permanently throughout the year. Most streams of the
Alps in Australia have similar characteristics to alpine streams from other parts of the
world such as low temperature, low nutrient concentrations, low electrical
conductivity and often have torrential flows during snow melt (Tiller 1993). The rain
and snow from the highlands feed the headwaters of most of southeastern Australia's
major rivers including the Murrumbidgee, Goulburn, Kiewa, Mitta Mitta, Ovens,
Murray, Avon, Mitchell, Tambo, and Snowy Rivers. Therefore, the Australian Alps
forms an essential water supply catchment providing water for domestic, irrigation
and recreational purposes.
Extensive descriptions of the evolutionary history, natural processes, natural and
cultural values, scientific significance and conservation values in the Australian Alps
may be found in Nankin (1983), Good (1988), and in Grenier and Good (1992). A
bibliography of information about the conservation and management of alpine
ecosystems was produced by the National Parks and Wildlife Service (NPWS) and
contains descriptions of most of the studies carried out in the Australian Alps until
1988 (NPWS 1988). The aquatic fauna from mountainous areas and their ecology is
described in Campbell et al. (1986). Ross (1988) has produced a review of literature
related to water quality management within KNP, and an ovelview of water
conservation in the Park is found in Cullen (1986).
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Figure l.The major national parks and national park units contained within the
Australian Alps. (Modified after Good 1988).
Before the reselvation of much of the Australian Alps as national parks and areas of
scientific significance, large areas of the alpine environment were influenced by land
uses such as grazing, gold prospecting, tourism and electricity generation. Land uses
such as forestry, grazing and mining have been occurring in the Australian Alps since
the late 1800s (earlier in some areas) and have contributed to the erosion, siltation,
removal of riparian vegetation and destabilisation of river banks of many alpine
aquatic ecosystems. Cattle grazing has influenced the alpine environment since the
mid 1950's when graziers began grazing cattle on alpine pastures such as those of the
Bogong High Plains and Mount Buffalo (Sisemand and Algona Guides 1978).
Grazing in large areas of the Alps continued until the late 20 th century. Increases in
erosion, loss of alpine flora, changes in vegetative communities, increases in nutrient
runoff and altered hydrological regimes are just some of the consequences of grazing
on alpine ecosystems. These alterations may have also influenced aquatic
ecosystems. While grazing activities have been stopped or restricted in the alpine
environment the long-term effects of grazing activities on the aquatic ecosystems of
the Alps has not been determined.
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Gold prospecting was popular in the 1850's and prospectors moved into the remote
areas of the Australian Alps. Alpine rivers teemed with goldmining activity
especially around the Bogong High Plains and Mount Buffalo (Algona Guides 1972;
Siseman and Algona Guides 1978). Gold mining settlements sprang up near mines,
rivers were sluiced and some dammed to provide water for settlements and mining
(Algona Guides 1972; Siseman and Algona Guides 1978). While gold prospectors
have long since left, some rivers and streams may still be affected by the activities of
the gold rush. The effects of these activities on the water quality and ecological
integrity of rivers of the Australian Alps needs further study.
In the 1920's, investigation into the possibility of using the rivers and streams of the
Australian Alps to generate hydro-electric power began. The investigations resulted
in the development of the Snowy Mountains Hydro-electric Scheme (SMHS; Bevitt et
al. 1998). The SMHS diverts and captures the headwaters of 12 rivers and 71 creeks
most of which occur in the Kosciuszko National Park (Bevitt et al. 1998; Snowy
Water Inquiry: SWI 1998). Water from the Upper Murrumbidgee, Goodradigbee,
Eucumbene and Tooma Rivers are diverted by the Snowy-Tumut development to the
Murrumbidgee River via the Tumut River (Bevitt et al. 1998; SWI 1998). The
Snowy-Mlll'ray development diverts the Snowy and Geehi Rivers via the Swampy
Plain River to the Murray River. The SMHS generates electricity and regulate the
water supply for irrigation in the Murrumbidgee and Mlll'ray Rivers (Bevitt et al.
1998; SWI 1998). The SMHS lead to many irreversible changes to both the terrestrial
and aquatic ecosystems of the alpine environment with the clearing of vegetation,
development of settlements, increases in accessibility and the construction of roads
and dams (Bevitt et al. 1998). River regulation by the SMHS has contributed to the
reduction of instream flows, river flushing, seasonal flows, channel alteration and
many other negative impacts on the aquatic environments of the Australian Alps
(Bevitt et al. 1998). While monitoring and environmental impact studies were
undertaken for parts of the SMHS development, knowledge of the long-term effects
of the SMHS on the water quality and ecological integrity of the rivers and streams of
the Australian Alps is limited. A water quality monitoring program that covers a
broad range of streams and rivers in the Alps may be able to assist in identifying those
areas that are suffering from the effects of land uses and construction.
Tourism began in the mountainous environments of Mount Bogong, Mount Buffalo
and other areas of the Alps in the late 1880's as the popularity of recreational walking
and climbing increased (NPWS 1988). As downhill and cross-country skiing became
more popular, alpine clubs were formed and resorts were built to accommodate the
increasing number of tourists and recreationalists. The popularity of the Australian
Alps for recreation has been increasing over the past few years (NPWS 1988).
Recreational pursuits in the Alps include skiing, bushwalking, trail bike riding, twoand four-wheel driving, fishing, horse riding, camping, boating and many others
(NPWS 1988). Such activities can have many impacts on the alpine ecosystem
including alterations to the hydrology, increased erosion, sediment yield, runoff and
contamination from roads (heavy metals and road salting) and effluent disposal from
sewage treatment plants (Rice 1987; Tiller 1993). Some major water quality issues
have been associated with the sewage treatment plants (STP) of the ski resorts
including colour, nutrient and bacterial problems (Rice 1987; Tiller 1993). Such land
uses and water quality issues threaten the water quality values of Australia's high
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mountain rivers and streams for both aquatic ecosystem maintenance and domestic
use. To plan for and manage the aquatic ecosystems in the national parks of the Alps
we need to understand the current knowledge base of water quality in the Alps and
iden tify areas in need of further research. The development of a moni toring program
that can monitor both point-source discharges and dispersed land uses would help to
ensure that high water quality is maintained in rivers and streams of the Alps.
Despite the importance of the Australian Alps for water supply, few studies have
addressed water quality issues in the Alps (Cullen and Norris 1988; Cullen et al.
1992). Apart from the ski resort areas and some old mining and grazing sites, the
environment of the Australian Alps is largely '])ristine" that is " ..it is not slll~ject to
human disturbances through discharges 01' activities within the catchment... "(Hart et
al. 1993; p156) and it is important that the existing water quality values be preserved
and protected by strict management practices (Hart et al. 1993). Much of the
Australian Alps is now contained within the boundaries of National Parks because the
Alps have high conservation values and are of scientific significance and it is
important that these values are maintained. These parks include the Kosciuszko and
Namadgi National Parks in NSW, Alpine National Park, and Snowy River National
Park in Victoria. Alpine National Park in Victoria consists of Wonnangatta-Moroka,
Bogong, Dartmouth and Cobberas-Tingaringy Units. The parks of the Australian
Alps are under increasing pressure from growing tourist use and the development of
ski resorts and villages. Activities such as road construction, logging, mining,
impoundment, resort construction and other recreation activities threaten the high
quality environmental and water quality conditions of Australia's high mountain
streams (Rice 1987; Tiller 1993). These activities can increase runoff, fire frequency,
water consumption, sediment generation, erosion, nutrient levels, and pollution and
thus, threaten the quality of the water resources of the Australian Alps. Thus, there is
the need to implement water quality monitoring and assessment in the Australian Alps
to provide information, to ensure that water quality values are not compromised.
1.2 Water Quality

Water quality monitoring and assessment are essential for the management of the
nation's water resources and is required to " .. . achieve sustainable use of the nation's
water resources by protecting and enhancing their quality while maintaining
economic and social development"(Hart et al. 1993; p 151). Management needs to
ensure the protection of environmental values including ecosystem protection,
drinking water, recreation, irrigation water and water for industry (Cullen et al. 1989;
Hart et al. 1993). The assessment of water quality has arisen from the need to
establish baseline conditions, set quality criteria and standards, monitor temporal
changes, determine impacts of specific projects and development and verify whether
the observed water quality is suitable for intended uses (Canter 1985; Chapman
1996). Monitoring is also useful for determining background water quality and target
levels for comparing with impact monitoring that can assess the effect of natural
disasters or development (Chapman 1996). To monitor water quality effectively we
need to have a good understanding of the water resources available in the Australian
Alps and their condition. Water quality monitoring in the past often just consisted of
measuring physical and chemical variables at a few sites (Campbell 1982). Such
methods may be ineffective if not used in conjunction with biota (Gaufin and
Tarzwelll954; Hynes 1960; Gauffin 1973; Hellawell 1978; Campbell 1982). Water
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samples for measuring physical and chemical variables have been described as
ineffective because they provide a spot check only and may not represent the longterm water quality at a site or a river (Campbell1982). Often water quality samples
are not taken in the appropriate locations and are unlikely to effectively measure the
effects of many land-use activities. Therefore, before water quality monitoring can be
undertaken decisions about the appropriate measurements or indicators to be used
must be made. This will ensure that high quality and meaningful data will be obtained
(Maher and Norris 1989).
Chemical approaches to water quality monitoring have been widely adopted in the
past through the use of well-established techniques and analytical procedures
available that were adapted for analysis of polluted water (Campbell 1982). It was
assumed that physical and chemical methods were cheaper and easier to carry out and
the data generated provided convenient standards for use in legislation to protect
water quality (Campbell 1982). While there are many advantages to physical and
chemical monitoring, the limitations of chemical and microbial monitoring have been
discussed in Campbell (1982). Chemical and microbiological monitoring programs
are most commonly based on single samples taken at fixed intelvals. However, the
data obtained may be of little value especially for evaluating and interpreting longtelm trends because the systems sampled vary temporally and spatially (Campbell
1982). Chemical samples are not able to detect the combined effect that toxicants
may have on aquatic organisms. Chemical monitoring may have other limitations
because it is very costly to analyse a water sample for every possible contaminant
therefore, some important chemical variables may be missed and the results may be
misleading (Campbell 1982). Th disadvantages of physical and chemical water
quality monitoring methods suggest that these approaches may be more beneficial if
used in conjunction with other water quality monitoring approaches such as biological
monitoring.
Biological monitoring may provide an alternative to or be used in conjunction with
physical and chemical monitoring. It is based on the assumption that aquatic
ecosystem condition is indicated by the status of the organisms inhabiting it (Loeb
1994). The composition of macroinvertebrate assemblages has been found to show
the effects of physical and chemical variables within geographical areas (Furse et al.
1984; Corkum 1989; Wright 1995). Biological monitoring has many advantages over
measurement of physical/chemical water quality variables (Hynes 1960; Gaufin 1973;
Hellawell 1978; Campbell 1982). These have been described in detail by Hynes
(1960), Gaufin (1973), Hellawell (1978) and Campbell (1982). One advantage is that
biota monitor continuously and are able to detect unexpected impacts whereas
physical/chemical variables are very rarely measured continuously. Biota can
highlight combined effects of various pollutants whereas physical and chemical
measures do not detect synergistic effects (Campbell 1982). Arthrington et al. (1982)
reported that physical and chemical methods had little success for long-term
management unless they were used in conjunction with other methods that could
determine ecological damage. Specific advantages of benthic macro invertebrates as
biomoniotors include: demonstration of a variety of responses to pollutants;
Ubiquitous distribution; ease of sampling and; slight alterations in the environment are
highlighted by alterations in the their community stmcture and diversity (Campbell
1982). Macroinvertebrates have been widely used in the biological assessment of
river systems because they differ in their sensitivity to pollution or habitat degradation
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and play an essential role in the functioning of stream systems (Rosenberg and Resh
1993; Patrick 1994). Thus, biota are appropriate measurement for water quality
monitoring than purely physical and chemical monitoring. There are disadvantages to
using biomonitors including seasonallifecycles and biota may be prone to natural
disturbances such as droughts and floods thus, an effective water quality monitoring
program would use biological monitoring in conjunction with physical and chemical
measure of water quality to provide rigorous monitoring program.
Recent developments in the biological assessment of aquatic ecosystems often involve
some form of rapid biological assessment (Plafkin et al. 1989; Wright 1995; Simpson
and Norris 1999). Rapid assessment approaches aim to reduce the cost and time of
sampling and analysis while providing meaningful results for managers and the public
(Resh and Jackson 1993). Rapid biological assessment techniques are widely used all
over the world for monitoring and assessing water quality. The River Invertebrate
Prediction And Classification System (RIVPACS, Wright 1995) and the United
States Environmental Protection Agency (US EPA) Rapid Bioassessment Protocols
(RBP) (Plafkin et al. 1989; Bat'bour et al. 1999) are two widely used techniques.
Rapid assessment approaches in Australia have followed the RIVP ACS methods
(Wright et al. 1984). These approaches have led to the development of predictive
models known as the Australian River Assessment System (AUSRIVAS) for
assessing the biological condition of a river (Simpson et al. 1996; Simpson and Norris
1999).
The AUSRIVAS models were developed as part of a Monitoring River Health
Initiative (MRHI) under the National River Health Program (NRHP). The
AUSRIV AS predictive models were developed to create a standardized and
coordinated approach to biological monitoring in Australia. The predictive model
(Simpson and Norris 1999) use a large number of reference sites to characterize the
study area based on their physical, chemical and biological attributes (Wright 1995;
Parsons and Norris 1996; Reynoldson et al. 1997; Simpson and Norris 1999).
Reference sites are chosen to have habitat and biological condition minimally affected
by human activities (Reynoldson et al. 1997). The AUSRIVAS predictive models use
the relationships between macroinvertebrates and their environment at reference sites
to make matches with test sites (Furse et al. 1984; Wright et al. 1984). Physical and
chemical variables little affected by human activities are used to match test sites with
reference sites that have been grouped by similarities in their biota. Once the
probabilities of test sites belonging to groups of reference sites have been determined,
the probability of taxa likely to occur at test sites can be calculated (Furse et al. 1984;
Moss et al. 1987; Wright 1995; Simpson and Norris 1999). The difference between
the fauna predicted and the fauna observed at a site provides a measure of biological
impairment (Moss et al. 1987; Simpson and Non'is 1999). The AUSRIVAS predictive
models are currently being implemented across Australia with approximately 4-6 000
sites being sampled in the First National Assessment of River Health (FNARH).
Thus, the development of similar models for the Australian Alps would contribute
much information about the health of the aquatic ecosystems of the Alps while being
of direct use for decisions to manage environmental and water quality issues and such
an approach would also place their condition in a national context.
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The area of the Australian Alps under investigation in this study encompasses the
high mountainous regions within the national parks. This includes the Kosciuszko,
Namadgi, Snowy River, Alpine and Buffalo National Parks. The current status of
knowledge of water quality studies (including physical, chemical and biotic) of the
Australian Alps will be described. Most studies have been state-specific so this
review will be split into three sections, Victoria, New South Wales and the Australian
Capital Territory (ACT).

2. VICTORIA
The Victorian component of the Australian Alps covers approximately 15 000 km 1 , a
small proportion of the state (Nankin 1983). They are separated from the high
country of NSW by the valley of the Upper Munumbidgee River, a physiographic rift
and also by the artificial boundary, the NSW- Victorian border (Nankin 1983). The
headwaters of many major streams and rivers originate in the Victorian highlands
including the Avon, Mitta Mitta, Kiewa, Dargo, Ovens, Mitchell, Wonngangatta,
King, Tambo, Macalister and Thompson Rivers (Rice 1987). The Alpine National
Park encompasses nearly all of the Victorian Alps and the Snowy River National Park
encompasses the remainder. The Alpine National Park encompasses the area
previously known as the Wonnangatta-Moroka, Bogong, Buffalo, Dartmouth and
Cobberas-Tingaringy National Parks. Information in this review has been restricted
to those water quality studies undertaken in the high mountain areas above 1000m
ASL of these National Parks. It is thought that the streams of the Victorian Alps have
the highest quality water in the state, however, generally few water quality data exist
for Victorian mountain streams (Tiller 1993). The major water quality studies
undertaken in the Victorian Alps are outlined in Table 1. It is important that the
quality of water coming out of the Alps is of a high standard because it is the source
of water for much domestic and agricultural use in the state.
The Victorian Department of Water Resources (VIC DWR) developed water
management strategies for the southeast region of Victoria (Rice 1987). The report
provided a description of the major river catchments (Macalister, Mitchell, Tambo,
Avon, Snowy), together with the current status of knowledge of their vegetation, land
use, fauna and water resources (Rice 1987). The report provides much general
information and summaries, although specific water quality information has to be
obtained elsewhere.
Few macroinvertebrate studies h~ve been undertaken in the Victorian highlands
hence, the macro invertebrate communities of this region are poorly known (Raadik
1992 a and b) with no data in addition to Blyth and lackson (1985) being produced
for the period 1985- 1992, although some sites have been sampled for the National
River Health Program (NRHP). Blyth and lackson (1985) reported the area was in
need of attention because the East Gippsland region represented an area with a
significant degree of endemism. Maps summarising invertebrate distribution and
taxonomic lists for the studies undertaken in most of the Victorian river catchments
were produced by DWR (1989). These maps demonstrated the limited knowledge
about macroinvertebrates and their distribution within the Victorian part of the Alps at
that time. Most of the sites referred to in the DWR report were merely recordings of
macroinvertebrate surveys and did not assess the water quality of the streams.
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Table 1. Water quality related studies undertaken in the Victorian Alps
Type of Study
Biological/ Chemical
Physical and
chemical
Fauna Survey
Biological

Location (subcatchment/s)
Mitta Mitta River
Catchment
Mitta Mitta River
Catchment
Mitta Mitta River
Catchment
Mitta Mitta River
Catchment

Biological! Chemical

Mitta Mitta River
Catchment

Fauna Survey

Thomson River and
tributaries
Mitta Mitta
Catchment

Physical/Chemical-

Geographical!
Biological.
Fauna Smvey
Water resource
management.
Environmental
Summary
Assessment of daily
flows
Nutrient assimilative
ability
Assessing the effects
of STPs on river
water quality
Chemical
Chemical
Chemical and
Biological Indicators

East Snowy Basin
within Victoria.
Goulburn River and
Howqua River
Snowy Basin within
Victoria.
Victoria

Latrobe, Mitchell,
Thomson and Snowy
River.
BombalaCoolumbooka and
Delegate Rivers
Falls Creek, Mount
Buffalo, Mount
Buller resOlis.
Snowy River
Catchment
Snowy River Basin
Falls Creek ResOli
effluent on Rocky
Valley Creek

Emphasis
Variables Tested
Macroinveliebrate
response to dam
construction
Water quality in
Mitta Mitta River
Macroinvertebrate
sUlvey
Macroinveliebrate
response to dam
construction
Response of
Macroinveliebrate
and water quality to
dam construction
Macroi nvertebrate
sUlvey
Physical and
chemical response to
dam construction
Aquatic habitat,
fauna.
Macroinvertebrate
survey
Environmental
issues.
List of studies for
fish, land use and
macroinvertebrates
Summary of Flows
and surface water
quality
Nutrient assimilation

Author/s

Water quality and
macroinvertebrates

Tiller (1993)

Water Quality

Kinross and Acaba
(1996)
CEE (1986)

Physical/Chemical
water quality
Discharge of effluent
on water quality and
diatom communities

Blyth and St Clair
(1978)
Graham et al.(1978)
Smith et al. (1978)
Blyth et al. (1984)

Doeg (1984)

Malipatil and Blyth
(1984)
West et al. (1984)

Blyth and Jackson
(1985)
Doeg (1985)
Rice (1987).
DWR (1989)

Hall (1989)

SMEC (1993)

Fluin (1998)
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2.1 Alpine National Park (Wollnangatta-Mol'Oka Unit) and Avon Wilderness Area
2.1.1 Avoll River
The Avon River rises on the slopes of Mount Wellington (1 600m ASL; Rice 1987).
The headwaters of the Avon, Valencia and Freestone creeks flow through the highly
vegetated catchment of the highlands contained within the Alpine National Park and
the Avon Wilderness Area before entering the plains below the Alps (Figure 2; Rice
1987). Most of the Avon Wilderness remains unaltered, however, it does provide
many recreational opportunities including rock-climbing, bushwalking, hiking, bow
hunting, fishing, cross-country skiing and nature observation (Victorian Land
Conservation Council; LCC 1979). Timber production, grazing, mining, firearms,
and motor vehicles apart from those for park management are excluded from this area
(LCC 1979). Lack of access has prevented much alteration to this area, thus, the
catchment generates little sediment except in times of heavy rain because there is little
overland run-off and use made 0 f the land. Rice (1987) reported that nutrient
pollution was not a problem and water quality is expected to be high, although no
monitoring occurs. While few recreation activities should threaten the ecological
integrity of the Avon Wilderness Area and the Avon River, monitoring of water
quality would be valuable to ensure that the integrity of the ecological values are
maintained and also to increase understanding of the ecology and water quality of the
Avon River system.

2.2 Alpine National Park (Wonnangatta-Moroka Unit and Bogong Unit)
2.2.1 Macalister River
Much of the Macalister River flows through the forested highlands of the
Wonnangatta-Moroka Unit of Alpine National Park (LCC 1979). The national park
boundary is located upstream of the Licola Township (Figure 2). The Macalister
River flows from the slopes of Mt Howitt (1 742m) from an elevation of 1 689m
through highly vegetated land (Rice 1987). Recreational activities allowed in these
parks are similar to other national parks and include, walking, cross-country skiing,
some four-wheel driving, horse riding and camping (LCC 1979). The tributaries of
the Macalister River that are located within Alpine National Park include the
Caledonia, Barkly and Wellington Rivers (Figure 2). Few measurements have been
made in the national park although Rice 1987 reported that the water quality is high
above Lake Glenmaggie and the bed and banks are very stable in the upper reaches of
the river. Water quality on the Macalister River was recorded from 1976 to 1982 and
was found to have high dissolved oxygen, low suspended solids and low nitrogen and
phosphorus levels (SRWSC 1984) characteristic of alpine rivers. Further water
quality monitoring may be required to ensure that increases in tourist pressure have no
negative effects on the water quality and ecological values of the Macalister River.
Malipatil and Blyth (1982) undertook a qualitative study of the macroinvertebrate
fauna of the Thomson and Macalister Rivers. Their study included. some sites within
the Alps. The main concern of the study was to catalogue the distribution and
preferred habitats of the aquatic invertebrates of the Thomson and Macalister River
catchments thus, the study did not assess water quality characteristics of the
catchments. No other water quality studies on the Macalister catchment could be
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located. Further information on the ecology of the Macalister River would ensure that
the ecological integrity of the Macalister River is being maintained.
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Figure 2. Major rivers arising from the Victorian Alps. Including tributaries of the
Avon, Macalister and Mitchell Rivers. (Modified after Hall 1989).
2.2.2 Mitchell River Basin (Wonnangatta-Moroka and Bogong Units)
Much of the Mitchell basin consists of forested highlands within Alpine National
Park. The major tributaries of the Mitchell River include the Moroka, Wonnangatta,
Wongungarra, Crooked, Dargo and Wentworth Rivers which all rise in the
mountainous ranges of the Alps (Figure 2). The Mitchell River formed by the
confluence of the Wonnangatta and the Dargo River just below the Dargo Township
falls outside Alpine National Park. The major tributaries of the Mitchell River
originate in Alpine National Park. The Wonnangatta River rises in the W011l1angattaMOl'oka unit, while the Dargo River rises in the Bogong unit of Alpine National Park.
Conservation values in the park are high and access is kept to a minimum, however
many recreational activities can be enjoyed in these parks include walking, cross-
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country skiing, some four-wheel driving, horse riding and camping (LCC 1979).
Recommendations for the Alpine National Park by the Victorian LCC in 1979 did not
exclude grazing and hardwood timber production. Grazing and timber felling may
increase erosion, sediment inputs, alter hydrological regimes and many other effects,
which may all influence water quality and the ecological integrity of the streams and
rivers of the national parks. Water quality is reported to be high in highland forested
areas with low nutrient and bacterial levels throughout the catchment and decreases
considerably once the river enters the plains (Rice 1987). However, few water quality
data are available for the Mitchell River in the Alps. Surface water quality of the
MitchelI River was measured by the State Rivers Water Supply Commission
(SRWSC) downstream of the national park at Glendale between 1975 and 1982 and
was found to be in good condition with low nitrogen and phosphorus levels, low
suspended solids and high dissolved oxygen (SRWSC 1984). This suggests that the
water exiting the national park should be of high quality. However, more water
quality data are required to confirm this. No published data exists for the
Wonnangatta River. Monitoring of the Falls Creek STP reported that water quality of
the Dargo River was within recommended guidelines for ecosystem maintenance
(Flu in 1995). With the exception of the monitoring of the ski resorts little water
quality information is available for the tributaries of the Mitchell River within the
park. Therefore, more water quality monitoring may be required to ensure that the
quality of the Mitchell River and its tributaries are within ecological and domestic
gu idelines.
2.3 Alpine National Park (BOgOl1g and Dartmollth Units)
2.3.1 Mitta Mitta River
The headwaters of the Mitta Mitta River originate on the slopes of Mount Bogong and
the river proceeds through the Bogong Unit and then the into the Dartmouth Unit of
Alpine National Park (Figure 3). The river flows into Dartmouth Dam 24km
upstream of the Mitta Mitta Township. The dam was built to provide extra water to
the Murray River and Hydroelectric power (SRWSC 1978). The SRWSC reported on
a number of environmental studies undertaken before and after the construction of
Dartmouth Dam (SRWSC 1978). Much of the report summarized many of the
changes in water quality and invertebrate assemblages below the dam following dam
construction. However, most of the study sites were downstream of the Dartmouth
dam outside the national park and thus, not relevant to this review. Releva_nt findings
of the SRWSC study are outlined below. As part of the SRWSC project, Graham et
al. (1978) studied water quality in the upper catchment which is part of the Alpine
National Park. They examined ten sites above the dam site at monthly intelvals
measuring many physical and chemical variables including temperature, pH, electrical
conductivity, turbidity, suspended solids, major cations and anions, critical plant
nutrients (nitrate/nitrite, kjeldahl nitrogen, total phosphorus), organic carbon and total
iron and total manganese. Bacteria, algal growth and heavy metals were measured
irregularly (Graham et al. 1978). Generally water quality of the Mitta Mitta River
above the Dam was of high quality, although there were a few exceptions. Colour,
turbidity and iron levels often exceeded those recommended for domestic supply and
pH sometimes fell below recommended levels for eye contact (Graham et al. 1978).
Later studies to investigate the effects of the Dam on water chemistry and sediments
revealed that the water quality above the dam was much higher than below as would
be expected (West et al.l984). With the exception of water quality monitoring
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associated with the ski resorts no other water quality data were available for the Mitta
Mitta River. While the catchment of the Mitta Mitta River is generally in relatively
pristine condition, land uses such as skiing, camping, road de-salting and increases in
sewage effluent from ski resorts in the Bogong National Park may influence the water
quality and ecology of the river. Some form of water quality monitoring would have
to be undertaken to assess the effects of recent land uses on the water quality of the
Mitta Mitta River.
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Figure 3. Location of the Mitta Mitta River. (Modified after Hall 1989)
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A comprehensive macro invertebrate survey in the Mitta Mitta River Catchment
before the construction of Dartmouth Dam was also reported by the SRWSC (Smith
et al. 1978). The catchment was described as a largely untouched wilderness area
with a diverse and stable macroinvertebrate community. Yankee Point, Italian Point,
Morass and Stoney Creeks were identified as areas of special interest because of the
unique nature of their invertebrate faunal assemblages (Smith et al. 1978). However,
some of these areas were located in the proposed inundation area and it is likely that
the macroinvertebrate assemblages at these locations may have been obliterated by
inundation, however, this was not assessed in later studies. Blyth and St Clair (1978)
investigated the effect of dam constmction on the macroinvertebrate fauna of the
Mitta Mitta River. The study focussed on sites outside the National Park below the
Dam finding decreases in mayfly, stonefly and riffle beetles and increases in
chironomid midges and naidid worms. The study used one control site above the dam
that had no significant changes in relative abundances from 1974 to 1978 and no other
sites above the dam were sampled. Other studies have investigated the effects of
Dat1mouth Dam on the invertebrate assemblages of the Mitta Mitta River (Doeg
1984) although they described similar findings to Blyth and St Clair (1978) and
concentrated on the river outside the national park. This suggests that the water
quality of the national park is in relatively pristine condition and land use in the park
has not greatly altered the biological condition of the Mitta Mitta River in the Bogong
and Alpine National Parks.

2.4 Snowy River National Park and Alpine National Park (Cobberas-Tingaringy
Unit)
2.4.1 Lower Snowy River
The Lower Snowy River flows through the Coberras-Tingaringy unit of Alpine
National Park and the Snowy River National Park. This encompasses the area from
the NSW-VIC border south to the township of New Guinea (LCC 1979). After
leaving NSW the Snowy River continues south through the rugged, sparsely
populated gorge country of the alps before emerging on the flood plain around the
town of Orbost, some 25 km before its exit to the Tasman Sea at Marlo. The
northeast the basin is edged by the Errinundra Plateau, a geomorphic continuation of
the Monaro Tablelands, and the northwest by deeply dissected mountain terrain on the
southern flanks of the Australian Alps. Rainfall ranges from 600-800 mm in the rain
shadowed Snowy River Valley, around 1200 mm on the Bowen Ranges up to an
estimated 2000 mm on the Errinundra Plateau. Forested public land, made up of
conservation reselves such as the Snowy River and Alpine National Parks, or State
Forest, makes up 84% of the Lower Snowy catchment with a further 5 % of forested
private land (Rice, 1987). The national parks surrounding the lower Snowy River are
important for nature conservation and contain many geological formations and
vegetation types (LCC 1979). Recreational activities in the parks include bushwalking, fishing, camping, motor touring, white-water canoeing and rock-climbing
(LCC 1979). Forestry is the most significant land use activity within the Snowy
Basin and has many implications for the ecological integrity of the aquatic systems
within the national parks because it influences hydrological regimes, causes soil
erosion and increased sediment loads to streams (DWR 1992). Invasion by exotic
vegetation such as willows may also influence aquatic communities by altering shade
conditions and allochthonous inputs to streams. The streams and rivers of both parks
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are important for domestic water supply thus, it is important that the water quality of
their river systems is maintained. The main studies undertaken on water quality issues
are outlined in Table 2.
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Figure 4. Lower Snowy River Catchment. (Modified after Hall 1989)
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Table 2. A list of water quality related studies undertaken in the Lower Snowy River
Catchment Area.
Type of Study
Geographical I
Biological.
Chemical I Physical /
Biological.
Special investigation.
Masters Thesis
Water resource
management.
Eco logical.
Hydrological.
Water resource
management.
Chemical.
Conselvation Smvey
Conselvation SUlvey
Ecological
Ecological.
Special investigation.

Chemical I Biological.
Administrative.
Fauna sUlvey.
Fauna sUlvey.
Ecological.
Effects of
impoundment.
Chemical I Physical.
Chemical I Physical.
Comprehensive.

Where (Subcatchment/s)
East Snowy Basin
within Victoria.
Snovvy Basin within
Victoria.

Emphasis / Variables
Tested
Aquatic habitat, fauna.

Snowy Basin within
Victoria.
East Snowy Basin
within Victoria.
Snowy Basin within
Victoria.
Snowy River within
Victoria.
Snowy Basin
Snowy Basin within
Victoria.
Snowy, Buchan,
Brodribb R.
General

Water quality,
recommendations.
Conservation value
and status.
Envi ronmental issues.

East Snowy Basin
within Victoria.
Snowy River within
Victoria.
Snowy River within
Victoria.
Snowy, Suggan
Buggan-Berrima,
Buchan R.
Brodribb R.
Snowy Basin within
Victoria.
Snowy Basin within
Victoria.
Snowy Basin within
Victoria.
Snowy Basin within
Victoria.
Snowy R. below L.
Jindabyne.
Snowy Basin within
Victoria.
Snowy Basin within
Victoria.
Snowy Basin within
Victoria.

Water quality.

Author/s
Blyth and Jackson
(1985)
Consulting
Environmental
Engineers (1986)
LCC (1986).
Macmillan (1987).
Rice (1987).

Flow regime, Fish.

Hall (1989).

Flow regime.
Nature conselvation
values.
Water quality.

J ames (1989).
Meredith et al. (1989).

Conservation value
Istatus-methodology.
Conselvation value
and status.
Environmental
conditions
Fish.

Chessman et al.
(1990).
Macmillan and Kunert
(1990)
Macmillan (1990)
Mitchell (1990).
Hall (1991).

Management
recommendations.

LCC (1991).

Limiting nutrients,
periphyton.
Management strategy.

Chessman et al.
(1992).
DWR VIe. (1992).

Fish,
macroinverteb rates.
Forestry - fish,
macroinveltebrates,
Water quality I aquatic
fauna.
Aquatic habitat.

Raadik (1992a).

Water quality,
historical data.
Water quality.
Water quality, aquatic
ecosystems.

Raadik (1992b).
Butcher et al. (1994).
Finlayson et al.
(1994).
Hunter and Zampatti
(1994a).
Hunter and Zampatti
(1994b).
Butcher et al. (1994).
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Table 2. Continued.
Type of Study

Where (Subcatchment/s)

Management review

Snowy Basin

Biological Monitoring

Snowy Basin

Expert Panel Report

Snowy Basin

Emphasis /
Variables Tested

Management issues
and options.
Water quality,
aq uatic ecosystems.
Hydrology,
geomorphology,
water quality, biota

Author/s
Ian Drummond and
Associates (1995)
Grimes et al. (1995)
SREP (1996)

As part of the formulation of the Gippsland Water Management Strategy, Rice (1987)
prepared a report on the environmental issues in the SouthEast Region of Victoria.
This report provided a review of background information on the perceived key
features of water environments in the region, their current status and management
problems. Important features, management and information needs were highlighted,
as a series of strategy needs. Major strategy issues affecting the Lower Snowy River
noted in the report included the reduction in stream flow caused by SMHS; protection
of waterways of high conservation value; the impact of timber harvesting; the impact
ofland use in the NSW part of the catchment, and; the need for an integrated
approach for management of problems in the lower Snowy River.
Meredith et al. (1989) used a method developed by MacmilIan and others (MacmilIan
1987; MacmiIlan and Kunert 1990) to place nature conservation values and ratings on
whole and discrete portions of watelways to the west of the Snowy River. Macmillan
(1990) assessed those streams to the east of the Snowy River. Classification was
made on the basis of geological, geomorphological and other physical and biological
characteristics of stream segments, along with their degree of modification, and was
focused on factors which were relevant to in-stream biota, such as fish and
macro invertebrates .
Whole sub-catchments such as the Suggan Buggan River, Mountain and Reedy
Creeks, and large areas of other sub catchments were classified as being completely
unmodified (Meredith et al. 1989). The Deddick, Delegate, Rodger, Yalmy and
Brodribb Rivers and Cabbage Tree Creek were other areas identified as having high
nature conservation significance. Those rivers with unmodified catchments should
have good water quality conditions although testing would be required to confirm
this. Other large areas of the catchment were described as only partially modified,
with the most heavily modified sections being associated with areas cleared for
agriculture (Meredith et al. 1989). It is likely that the water quality of rivers with
modified catchment condition may be suffering from catchment land use and may
need to be monitored to identify if the water quality is being degraded as a result.
MitchelI (1990) also made an assessment of the environmental condition of
waterways and their riparian zones in the Snowy River basin in terms of their
suitability as habitat for aquatic fauna and for native terrestrial fauna and flora.
Assessments were based on characteristics such as bed composition, proportion of
pools and riffles, bank and verge vegetation, cover for fish, average flow velocities,
water depth, underwater vegetation, organic debris, and degree of erosion and
sedimentation. Based on stream length, 92% of the catchment was rated as having
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excellent habitat conditions and being in a natural or virtually natural state. The
above classifications have contributed to the Suggan Buggan, Berrima, Buchan and
Snowy Rivers being declared Victorian Heritage Rivers (LCC 1991).
Blyth and Jackson (1985) studied the aquatic habitat and fauna of the Snowy basin
within East Gippsland (east of the Suggan Buggan and Snowy Rivers) and stated that
their relatively pristine condition made them valuable scientific reference sites.
Habitat was described in terms of different physiographic and geographic elements,
including geology and geomorphology, climate, hydrology and streambed type Blyth
and J ackson (1985). The aquatic invertebrate community was described as being
diverse but poorly known and made up of several different zoogeographic
components overlapping in East Gippsland. Fish distribution patterns were also
described Blyth and Jackson (1985). The potential for the reduction of habitat and
faunal diversity through various activities associated with forestry was discussed and
the need for detailed studies stressed before such reduction takes place.
Much recent work has been conducted on water quality and aquatic ecosystem related
issues in the Lower Snowy River catchment area. The formulation of a South East
Region Water Management Strategy by the Victorian Department of Water Resources
(DWR 1992) required a coordinated study of different features of the basin that were
of concern, and until then had been relatively poorly known. Some of the issues
examined included, environmental issues, the placement of recreational and nature
conservation values on the rivers, catchments and wetlands, the changed hydrology in
the Snowy River as a result of the operation of the SMHS and a perceived
sedimentation problem as a result of these altered flows (DWR 1992). Parallel studies
examined aquatic fauna and their requirements. Routine water quality monitoring at
various sites in the basin has taken place since 1975 and a number of reviews of water
quality have taken place. Most recently comprehensive reviews of water quality and
aquatic biology in each of the sub-catchments of the Snowy Basin in Victoria (Figure
2), and of waterway management issues and options have been conducted by lan
Drummond and Associates (Butcher et al. 1994; lan Drummond and Associates
1995). While much information exists about the ecological issues and data for the
aquatic ecosystems of the Snowy River Basin, much of this information is
unpublished (Butcher et al. 1994).
The Consulting Environmental Engineers (CEE 1986) summarized all available
information including bacteriological monitoring carried out as a part of monitoring
of town water supplies. Only information for a few water quality variables was
available and only for 14 sites within the lower Snowy Basin within Snowy River
National Park (CEE 1986). The Snowy and Deddick Rivers were found to have
elevated conductivity levels. Turbidity and dissolved oxygen levels within the Snowy
River Basin were generally very good. There were only three nutrient monitoring
stations and three bacteriological stations within the basin, which are not likely to
represent the variability in conditions across the basin (CEE 1986). Bacterial levels
were elevated at the Buchan River stations (CEE 1986). Colour levels in the Snowy
Basin are generally above those recommended for drinking purposes (CEE 1986).
The CEE reported that the Snowy River Basin had generally good water quality levels
although colour and bacterial levels may be potential problems. The limited number
of water quality monitoring stations and their locations limit their usefulness for
detecting changes in water quality associated with land use activities and the
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determination of long-term trends in the Snowy Basin (CEE 1986). The importance
of the rivers of the Snowy Basin for domestic water supply highlight the importance
of continued and more effective monitoring to ensure that guidelines are consistently
met and maintain the ecological values of the rivers of the national parks.
Water quality monitoring of a variety of physical and chemical variables has been
routinely undertaken on a monthly basis at 13 sites in the lower Snowy since 1975, as
part of the Victorian Water Quality Monitoring Network. Variables measured
include:- discharge; stream temperature; pH; dissolved oxygen; turbidity; electrical
conductivity; colour; suspended solids; total and filterable phosphorus; nitrates,
nitrites and total Kjeldahl nitrogen (Hunter and Zampatii 1994a and b). A total of 13
sites have been used and statistical summaries of trends in the data are available for
these sites in Hunter and Zampatti (1994a and b). Some of these trends will be
described below.

2.4.2 BuclwTl and Murrindal Rivers (Cobberas-Tingaringy Unit)
The headwaters of the Buchan River rise near the NSW border in the CobberasTingaringy Unit of Alpine National Park and drain the western part of the Snowy
Basin flowing down to join the Murrindal River and then the Snowy just downstream
of the Buchan township (Rice 1987). Macroinvertebrates were surveyed at one site
on the Buchan River in the Buchan township and included a diverse range of mayflies
and beetles. However, given the limited sampling and the location of the sampling
site, it is likely that this site is not representative of the invertebrate fauna of this river
(Butcher et al. 1994). Generally water quality of the Buchan River was good
condition although, the river was only represented by one water quality monitoring
station (Hunter and Zampatti 1994b). While, no water quality monitoring sites were
located on the Murrindal River and macro invertebrate data were unavailable it was
inferred that the water quality may be fair (Butcher et al. 1994). The condition of
water quality of the Murrindal River would have to be confirmed by further water
quality monitoring.

2.4.3 Sllggan Buggan River
The Suggan Buggan River drains the eastern slopes of the Great Dividing Range just
south of the New South Wales-Victorian border in the Cobberras-Tingaringy Unit of
Alpine National Park. The River is reported to have excellent instream ecological
health and catchment condition (Meredith et al. 1989). One site on the Suggan
Buggan River has been described as being the second most diverse in the basin with
30 taxa being collected. Water quality of the river is reported as being generally good
with all variables except pH falling within the recommended guidelines for the
protection of aquatic ecosystems, rivers and streams (ANZECC 1992; Hunter and
Zampatti 1994b).

2.5 Snowy River National Park
2.5.1. Little River, Mountain Creek and Snowy River to Mc[(illops
Butcher et al. (1994) reported that macroinvertebrates have been collected but not
analysed for sites on the Little River, Mountain Creek and the Snowy River from the
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border to McKillops within Snowy River National Park. No water quality monitoring
sites were present on the Little River and Mountain Creek (Hunter and Zampatii
1994b). The biological condition of Mountain creek is expected to be in excellent
condition because the condition of the catchment was found to be very good
(Meredith et al. 1989). The water quality of the Snowy River has been reported as
generally good, although sometimes total nitrogen and total phosphorus exceed
recommended guidelines for the protection of aquatic ecosystems, rivers and streams
(ANZECC 1992; Hunter and Zampatti 1994b; Butcher et al.1994). More detailed
studies of macroinvertebrates to assist in determining the effects of land uses on water
quality values have been recommended for these creeks and rivers. No further studies
of the macroinvertebrate fauna of the Snowy Basin were available.
2.5.2 Snowy River McKil/ops to BlIchan

Macroinvertebrate data were available at McKillops bridge downstream of the
Deddick confluence and downstream of Basin Creek. The sites were diverse with
similar numbers of taxa present at each site. Butcher et al. (1994) described a decline
in species diversity along the length of the Snowy, however, this was contradicted by
the findings of the Grimes et al. (1995) who found no such decline. It was found at
one site located in this area that the water quality was in relatively good condition,
although, total nitrogen exceeded the Australian and New Zealand Environment and
Conservation Council (ANZECC) guidelines recommended levels. The levels of pH
fell below the recommended levels for the protection of aquatic ecosystems, rivers
and streams (ANZECC 1992; Hunter and Zampatti 1994b). No impacts on the riffle
and slight impacts on the edge fauna were described for the biological condition of the
Snowy River at McKillops bridge (Grimes et al. 1995). The edge fauna was
numerically dominated by Oligochaeta and Chironomidae while Leptoceridae were
missing indicating some biological impairment may have been occurring. The habitat
at this sight was slightly impacted and may have caused the impaired biological
condition of the edge fauna (Grimes et al. 1995). While, this was the only site on the
Lower Snowy River inside the national park in the study of Grimes et al. (1995) it
demonstrates the important information that can be obtained using biological
assessment. The ability to determine the biological condition at sites provides
baselines for future monitoring, identification of impacts and assessment of the
effectiveness of management strategies and suggests that further biological
monitoring should be undertaken in the national parks of the alps.
2.5.3. Rodger alld Yalmy Rivers

The Rodger and Yalmy Rivers rise in the high rainfall region of the Southern
Bowmen Range and flow through one of Victoria's largest wilderness areas (Rice
1987). The catchments of these rivers have been described as being of excellent
condition (Meredith et al. 1989). Butcher et al. (1994) reported that invertebrate data
was available for two sites on the Yalmy River but did not describe the biological
condition of the sites. A water quality monitoring station was located below the
confluence of the two rivers and reported that with the exception of pH all water
quality variables were within the recommended guidelines (Hunter and Zampatti
1994b; Butcher et a I. 1994). The limited number of water qual ity stations on the
Rodger and Yalmy Rivers suggest that further monitoring required to properly assess
the water quality of these two rivers.
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A detailed synthesis of the current biological knowledge on the fish and
macro invertebrate fauna of East Gippsland was performed by Raadik (1992a and b)
and was discussed in relation to the determination of the impacts of timber harvesting
in the region. Fish species diversity was high with 91 species having been recorded of
which 19 are native freshwater species. Macroinvertebrate data in this review was
limited to crustaceans and knowledge was considered inadequate and out of date.

2.6 Monitoring of Ski Resorts
Increases in the patronage and development of ski resorts have many implications for
the protection of environmental and conservation values of the national parks. There
may be increases in the quantity of water used (domestic, snow generation and
maintenance of golf courses), rubbish and sewage generation, runoff, potential for
fires, road de-icing activities, mountain biking, four-wheel-driving and many other
activities in both summer and winter that have the potential to influence the water
quality of the streams of the national parks.
An oil spill of approximately 3000L of Diesel oil occurred in August 1988 in the
headwaters of an unnamed creek flowing through Falls Creek. The oil coated
cobbles, submerged vegetation and the sUliace of pools (Tiller 1993). The spill
resulted in the near elimination of all macroinvertebrate fauna in the stream with only
three taxa being collected and all of these had very low densities (Tiller 1993). The
oil spill was scoured out relatively quickly and no further monitoring has been carried
out at this site to establish if the spill had any long-term effects on the ecology of the
stream (Tiller pers. com. 1999).
The Victorian Environment Protection Agency (EPA) measured water quality in 1989
to assess the effects of effluent from the Mount Hotham resort on receiving waters.
Effluent from Mt Hotham Ski Resort flows overland before it enters a small creek
resulted in the destruction of the native vegetation and subsequent introduction exotic
vegetation. The Victorian EP A found increases in nutrient concentrations and algal
growth in the small creek receiving effluent and that sections of the unnamed creek
did not comply with State Environment Protection Policy (SEPP) requirements, and
there were also minor breaches of SEPP guidelines in the Dargo River (VIC EPA
undated). They recommended further monitoring for the period of 1994 and 1995 to
assess further effects upon the small unnamed creek followed by a sampling program
for three to four samples per year for chemical analysis and one to two biological
samples per year to be reassessed after a year. The results of any further monitoring
are not available.
In another study, the Victorian EPA made a preliminary assessment of the influence
of Victorian alpine ski resorts on high mountain streams (Tiller 1993). Their study
found substantial increases in nutrient concentrations downstream of the Falls Creek
and Mount Buffalo Ski Resorts (Tiller 1993). The number of pollution tolerant taxa
such as Oligochaetes (worms) and Chironomidae (midge fly laIvae) were higher
downstream of the effluent from Falls Creek and Mount Buffalo resorts (Tiller 1993)
highlighting the need to improve the quality of effluent discharges. Fluin (1995)
examined the effects of effluent discharges from Falls Creek, Mount Hotham, and
Dinner Plain resorts on the surrounding terrestrial and aquatic environments.
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Significant changes were found in the water quality and biological community
downstream of the Falls Creek effluent discharge (Fluin 1995; 1998). Ammonia,
phosphate, nitrate, copper, zinc and iron concentrations were all higher, while pH
levels were lower downstream of the effluent discharge (Fluin 1995). It was found
that the Falls Creek sewage plant was discharging high concentrations of nutrients
into Rocky Valley Creek resulting impaired diatom communities as well as potential
detrimental impacts to the quality of drinking water and other aquatic organisms
(Fluin 1995; 1998). Therefore, new monitoring guidelines or improvement of the
current STPs associated with ski resorts may be required to ensure that the water
quality and thus ecological integrity of the rivers of the national parks is not
compromised. These studies highlight the importance of biological monitoring for the
detection of breaches of water quality guidelines and the need to monitor regularly to
detect water quality impacts.
The use of diatoms for use as biological indicators is being investigated by Newall
and Bate (undated) who are currently researching diatom communities in the Kiewa
River with the aim of using them for water quality monitoring, however, their work is
still in progress.

2.7 Summary
Much of the water quality data for the Victorian Alps has been limited to monitoring
studies associated with ski resorts and studies that have measured water quality at a
few sites on the major rivers in the alps area such as the Avon, Mitta Mitta, Macalister
and Snowy Rivers. Many of these studies were not specifically for measuring water
quality and the majority of studies have limited biological information. The current
status of water quality knowledge for streams and rivers in the Alpine National Park
and the Snowy River National Park needs to be improved before it is possible to
determine if current water quality and ecological values of the national parks are
being sustained.

3. NEW SOUTH WALES
3.1 Koscillszko National Park
Kosciuszko National Park (KNP) is the largest national park in NSW and
encompasses all of the Alps of NSW and Australia's highest mountain, Mount
Kosciuszko. It was reserved in 1944 and contains a variety of natural features,
historic sites and plant and animal communities and provides a wide range of
recreation opportunities (NPWS 1988). The park receives more than three million
visitors each year split between summer and winter. Winter usage is concentrated
around the ski resorts and ski fields while the summer usage is much more dispersed
throughout the park (NPWS 1988). Alpine herb fields and heathland communities
dominate the vegetation of the Alps (NPWS 1988). One of the most important values
of Kosciuszko National Park is its' value as a water supply catchment for the
headwaters of the Murray, Murrumbidgee and Snowy Rivers (NPWS 1988). Thus,
the protection of the aquatic ecosystems of the national park is a very important
objective of the park management. Most studies of water quality in Kosciuszko
National Park have concentrated around the ski resorts located on the Snowy and
Thredbo Rivers and their tributaries and these will form the main focus of this review.
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3.1.1 Upper Snowy River
The Upper Snowy River Catchment is defined as that part of the catchment above
Lake Jindabyne, an area of approximately 2200 km 2 (Figure 5). This area makes up
only 14% of the entire basin but contributes some 45% of discharge under natural
conditions (lames 1989). The Snowy River headwaters are located on the flank of
Mount Kosciuszko.
This area receives peaks of up to 4 000 mm of precipitation per annum, much of it as
snowfall during winter. The reliability of precipitation in this region is rare in a
continent characterized by unpredictable rainfall. This reliability is a feature that
contributed to plans for the development of the SMHS, where water from the Snowy
River is diverted to the Murray and Lower Murrumbidgee Rivers for irrigation and
power generation. Three dams on the Snowy River (Guthega, Island Bend and
Jindabyne), one on the Eucumbene River and numerous tunnels and aqueducts have
made the Upper Snowy catchment one of the most regulated in the nation. Stream
flow records for the region have been made by the Snowy Mountains Hydro-Electric
Authority (SMHEA 1970; 1971a; 1972a) and a detailed description of the
meteorology and hydrology of the alpine region is contained in Brown and Millner
(1988). A summary of water quality related studies for this part of the catchment can
be found in Table 3.
Before the construction of the SMHS, the Snowy River had a flow regime that was
typical of high-altitude mountain rivers heavily influenced by annual snow melt (SWI
1998). After construction of the SMHS, the flow regime of the Snowy River was
drastically altered. Apart from the obvious reduction in flows, the natural seasonal,
daily variability of these flows was also greatly reduced (SWI 1998). This led to
greater variation in temperature ranges in both summer and winter and consequently
may have adversely affected the biota in the Snowy River (SWI 1998). Further
monitoring of the Snowy River and its I tributaries may be required to confirm this.
Situated within the headwaters of the Snowy, are three of the five Kosciuszko glacial
lakes. These are the only such water bodies on mainland Australia and are covered in
ice for up to six months of the year. Studies have revealed features of the lakes such
as their extremely dilute, low nutrient status (Williams et al. (1970) and dimictic
stratification (Raine 1982; Burgess et al. 1988). Biological studies include those of
Hay (1976), who found enormous quantities of planarians (flatworms), including a
strange green variety from Club Lake, and Benzie (1984) who described their
zooplankton communities. Taxa found in Blue Lake included a colony of golden
algae (Dinobryon sp.) which are associated with still, oligotrophic conditions and are
highly sensitive toward dissolved substances like phosphate, calcium or magnesium
(Schakau 1987). Cullen and Norris (1989) point out the lack of understanding of
seasonal successional changes, energy and nutrient flows, or the potential effects of
development in their catchments and recommended enhanced protection of the lakes
from the threat of organic pollution from campers reported by Timms (1980).
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Figure 5. The Snowy River catchment. The Upper Snowy River is located within
Kosciuszko National Park.

Among the first water quality records taken in the Snowy Basin were various
chemical properties, although they were uninterpretted (SMHEA 1971b). These
records were made during construction of the SMHS for a variety of reasons
including: the assurance of safe potable water for construction camps, making certain
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that any changes in water quality would not be detrimental to fish and bird life, and a
number of other technical reasons related to construction. The development of the
SMHS in the 1950s and 1960s has had a major impact on the Snowy River (SREP
1996). Some of the impacts include altered flow regime, reduced channel size,
invasion of the channel by exotic vegetation such as willows and blackberries,
reduced frequency of flushing flows, increases in sedimentation and organic
enrichment. These alterations were expected to have some impacts on the
composition of aquatic fauna. Existing studies in this area wilI be outlined below.
While raw chemical data exist for various locations on the Upper Snowy River
(SMHEA 1971b), the majority of water quality work has centred on the impact of ski
resorts and their associated sewage treatment plants (STPs). A study by the State
Pollution Control Commission (SPCC now the EPA) was conducted to demonstrate
the impact of nutrients from secondary-treated sewage on the aquatic flora of
Spencers and Pipers Creeks over the period 1981-82 (Chapman and Simmons 1990).
Artificial substrates (glass slides) were used upstream and downstream of Charlotte
Pass and Smiggin Holes STPs (Spencers and Pipers Creeks respectively), and also in
the Thredbo River (see below), to determine the effects on algal growth and algal
species composition as a result of the addition of sewage effluent.
The study reported increases in algal biomass downstream of the STPs, especially
during periods of extended Iow flow because higher flows have a diluting effect on
nutrients and tend to dislodge attached algae. Algal species below the STPs included
some which can be indicative of mild organic pollution. In addition to high flows,
macro invertebrates were identified as a factor controlling algal biomass. The instance
of thick, choking mats of filamentous algae downstream of Charlotte Pass over the
period, was attributed to damage to these communities by oil and diesel spills (cf.
SMEC 1979), combined with added nutrient from the STP (Chapman and Simmons
1990).
Other studies looked atmacroinvertebrate communities to assess the impact of the
resorts on water quality. Campbell (1990) found that runoff from Perisher Valley had
impacted on the macro invertebrate community in Perisher Creek downstream of the
Car park and main resort, as indicated by the loss of certain pollution sensitive taxa.
Sites downstream of the STP were considered to be degraded because their fauna was
dominated by taxa tolerant of sewage pollution.
A water quality monitoring program in the Snowy Mountains, conducted by the NSW
Department of Water Resources (DWR), started in March 1991, looked at several
sites in the Upper Snowy. Bate (1992) examined regular monthly water samples (as
well as samples taken more intensively during peak usage periods) from Spencers,
Rock-Perisher, Pipers and Sawpit Creeks, as well as samples from other sites (see
below). Water quality was assessed as being generally good in terms of
recommended criteria for recreation and conditions for ecological health, especially
during base flow. During runoff events, water quality deteriorated with marked
increase in nutrients and turbidity, possibly as a combination of natural factors as well
as poor quality runoff from resort car parks. Spencers Creek was of concern, with
raised nutrient and faecal coliform levels even during base flow, indicating possible
impact by Charlotte Pass resort and STP. This STP was subsequently upgraded and
operating within EPA licensing specifications. A continuation of the NSW DWR
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program from March 1992 to 1993 by Bowling et al. (1993) generally supported Bate
(1992) findings although phosphorus levels were somewhat raised in Perisher Creek
as well as in Spencers Creek during base flow.
In contrast to Campbell (1990), a later bioassessment of water quality by Smith and
Norris (1993) in January 1993, found evidence of less impact on the stream as a result
of the operation of the Perisher Valley, Charlottes Pass and Smiggins Hole resorts and
their associated STPs. Analysis of algal biomass still showed signs of some nutrient
enrichment below the Perisher Valley, Charlottes Pass and Smiggin Hole STPs, but
macroinvertebrate species richness did not vary significantly. The apparent
improvement in water quality followed rationalisation of the Perisher STP to treat
sewage from the Blue Cow, Guthega and Smiggin Holes resorts, and its upgrading to
include nutrient removal and bacterial decontamination via ultraviolet treatment of
discharged effluent. Other improvements included enhanced control of runoff from
car parks in line with the KNP Plan of Management (NPWS 1988) commitment to
improve the environmental quality of the resorts, and that such resorts were
conditional to meeting environmental criteria (NPWS 1991). The suspicion was
raised of a possible general stress on the Perisher Creek system, as evidenced by the
absence of Leptophlebiidae (a sensitive taxon) at sites above the apparent influence of
the resort. However, the reasons for this stress were beyond the scope of the study
(Smith and Norris 1993).
Further biological monitoring of Spencers, Rock/Perisher, Pipers and Sawpit creeks in
the Kosciuszko National Park for the period November 1993 to December 1998
detected some mild to moderate impacts resulting from resort operations (Williams
and Norris 1995; Nichols and Norris 1998). While impacts from resort operations
were generally not severe enough to cause marked reduction in invertebrate numbers,
the impacts detected indicate impairment compared to reference conditions (Nichols
and Norris 1998). Reduction in pollution sensitive taxa and increases in pollution
tolerant taxa such as Oligochaetes and Chironomid larvae, increased periphyton,
nutrient levels indicate organic enrichment was occurring downstream of Charlottes
Pass Resort and its STP. Invertebrate assemblages at Pipers Creek downstream of
Smiggin Holes Resort and sites on RocklPerisher Creek fell below reference
indicating some form of impact (Nichols and Norris 1998). Physical and chemical
measurements were often but not always consistent with these impacts. Being only
spot checks and not representative of conditions over time, water sampling was not
considered to be as sensitive as biological monitoring to categorise longer-term water
quality conditions (Williams and Norris 1995). Biological monitoring is
representative of condition over time and may be more sensitive to detection of
impacts (WiIliams and Norris 1995; Beggs and Norris 1996). Thus, long term
biological monitoring may be useful in assessing water quality of the Australian Alps.
Invertebrate samples for two sites on the Perisher Creek (downstream of Perisher
Village and STP) contained sufficient predicted taxa to be assessed as equivalent to
reference condition in September 1998 (Nichols et al. 1998b) and December 1998
(Cunningham and Norris 1998a). However, these sites were still numerically
dominated by OIigochaete and Chironomid larvae that indicate environmental stress.
In November 1997 and August 1998, invertebrate fauna were mildly impacted at
Sawpit creek downstream of the camp ground, which may have resulted from camp
ground use or leaching from the Ski Rider Resort. Observed impacts were not always
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Table 3. A list of water quality related stu'dies undertaken in the Upper Snowy River
Catchment Area.

Type of Study

Where (Sub-catchment/s)

Hydrological.

Upper Snowy R.

Chemical.
Chemical.

Planning.

Glacial Lakes
Entire catchment above
Dalgety.
Snowy R. Basin within
NSW.
Glacial Lakes.
Lake Eucumbene
catchment.
KNP.

Hydrological.

Thredbo R.

Chemical/
Biological.
Chemical.
Chemical/
Biological.
Chemical/
Biological.
Planning.
EIS.

Thredbo R.

Chemical/
Biological.
Conselvation.

General / Thredbo R.

Survey.
Taxonomic.
Biological.

Chemical/
Biological.
M.App.Sci.
Thesis
Physical/
Chemical/
Biological.
Chemical
Physical/
Chemical/
Biological.
Literature
review.
Physical/
Chemical.
Chemical and
Biological
Indicators

KNP.
Thredbo R.
Thredbo R.
Snowy River Shire.
Thredbo R.

KNP / Thredbo R.
Thredbo R. - Treatment
Plant.
Thredbo R.
Blue Lake

Emphasis / Variables
Tested
Surface run-off, soil
loss.
Major ions.
Raw chemical data.

Water resources within
NSW.
Freshwater planarians.
Trout / Galaxiid
interactions.
Classification under
Clean Water Act.
Occurrence of low
flows.
Capacity to assimilate
sewage.
Water quality.
Capacity to assimilate
sewage.
Capacity to assimilate
sewage.
Environmental plan.
Augmentation of
sewage treatment
plant.
Capacity to assimilate
sewage.
Conselvation of water
in National Parks.
Wetland filtration of
sewage effluent.
Macroinvertebrates human impact.
Physicochemical,
taxonomic features.

Author/s.
Costin et al. (1960)
Williams et al. (1970)
SMHEA (1971a and b)
WCIC (1973)
Hay (1976)
Tilzey (1976)
Davies (1979)
SMEC (1981)
Cullen and Lea (1981)
SPCC (1982)
Cullen (1983)
Cullen and Norris
(1983)
DEP (1986)
Hogg (1984)
Cunen (1985)
Cullen (1986)
Finlayson et al. (1986)
McKaige (1986)
Schakau (1987)

Thredbo R. - Treatment
Plant.
Alpine catchment area.

Denitrifying sewage
effluent in wetland.
Scientific significance.

Brodrick et al. (1988)

Kosciuszko National Park.

Water quality.

Ross (1988)

Lake lindabyne.

Water quality.

SMHEA (1988)

Rock/Perisher,Spencers,
Pipers and Sawpit creeks in
Kosciuszko National Park.

Biological Monitoring
of streams d/s of Ski
resorts and villages in
National .park

Williams and Norris
(1995), Nichols et al.
(1997a), Nichols and
Norris (1998)

Cullen and Norris
(1988)
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Table.3 Continued
Type of Study
M. App. Sci. Thesis
Chemical/Physical /
Biological.
Chemical/
Biological/Physical.
Chemical/
Biological.
Chemical/Physical /
Biological.
Chemical/Physical.
Management.
Biological!
Chemical.
Biological!
Chemical.
M. App. Sci. Thesis
Chemical/
Biological.
Chemical/Physical /
Biological.
B ioassessment
Technical slllvey.
Chemical/Physical /
Biologica I.
Planning.
Chemical/Physical /
Biological.
Bioassessment

Where (Subcatchment/s)
Thredbo R.
Lake Jindabyne and
catchment.
Thredbo R.,
Spencers, Pipers Cks.
Thredbo R.Treatment Plant.
Lake Jindabyne and
catchment.
Snowy catchment
above Dalgety.
Alpine catchment.
Thredbo R.
Thredbo R.
Thredbo R.
Thredbo R.
Snowy catchment
above Dalgety.
Spencers, RockPerisher and Pipers
Cks.
Snowy River Basin.
Thredbo R.
Regional.
Thredbo R.

Ph.D. Thesis.

Mowamba R.,
Wollondibby Ck.
Spencers, RockPerisher, Pipers,
Sawpit Cks.
Snowy catchment
above Burnt Hut
Crossing.
Thredbo R.

Biological
Monitoring
Fish Smvey

Namadgi National
Park
KNP

Bio-monitoring

Chemical/Physical /
Biological.

Emphasis /
Variables Tested
Macroinveltebrates impact of sewage.
Water quality - Pilot
study.
Macroinveltebrates,
periphyton, sewage.
Nitrifying bacteria.

Author/s.

Water quality Progress repOlt.
Water quality.

Bowling (1991)

Water quality.
Macroinvertebrates,
nutrients, periphyton.
Summary of
monitoring.
Macroinvertebrates,
nutrients, periphyton.
Nitrification of
sewage by bacteria.
Water quality.

Norris et al. (1992a)
Norris et al. (1992b)

Bowling et al. (1993)

Macroinveltebrates,
water quality.

Smith and Norris
(1993)

Resource
management issues.
Definition of rivers
condition.
Environmental plan.
Definition of rivers
condition.
Macroinvertebrates,
water quality.
Macroinveltebrates,
water quality.

SRICCC (1993)

Water quality.

Bowling and Acaba
(1995)

Macroinvertebrates,
nutrients, periphyton.
Macroinvertebrates

Brown (1992)

Ecology of the twospined blackfish

Tiller (1988)
Bowling (1989)
Chapman &
Simmons (1990)
Fakouhi (1990)

Bate (1992)

Parsons and Norris
(1992)
Thurtell (1992)
Bowling (1993)

Stevenson and Norris
(1993)
NSW EPA (1994)
Ward and Norris
(1994a)
Ward and Norris
(1994b)
Williams and Norris
(1994)

Sloane et al. (1997;
1998a,b,c; 1999)
Lintermans (1998).
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evident during winter. Impacts indicate that tourism in the resort areas has potential
to damage aquatic ecosystems. The report recommended that continued monitoring
should be used to assess impacts of tourism and development on the aquatic
ecosystems in the Kosciuszko National Park.
In 1998, an expert panel was formed to assess the flow of various rivers affected by
the Snowy Mountains Scheme (Bevitt et al. 1998). The panel investigated the effects
of the SMHS on channel morphology and ecological integrity. Two common stream'
types were identified, stony upland streams that generally have steep gradients and
rapid flow and plateau streams that have lower gradients with a series of large linked
pools. These streams are generally cool, with high dissolved oxygen and low nutrient
concentrations and low conductivities (Campbell et al. 1986). No comprehensive
study of the stream macro invertebrate fauna of the Snowy Mountains region exists.
The studies undertaken suggest that some of the fauna is of great biogeographical
significance (Campbell 1981). The aquatic fauna of the Snowy Mountains region is
reported to include a diverse range of macroinvertebrate taxa with many
Ephemeroptera, Plecoptera and Trichoptera families being represented (Bevitt et al.
1998). River regulation in the national parks can have a variety of effects on aquatic
fauna. Impacts may include faunal depletion, habitat alteration (simplification and
loss of habitat), impede fish migration, loss of faunal input and altered water
chemistry (reduced temperature, reduced dissolved oxygen concentrations). Faunal
replacement may also occur with the altered habitat conditions that favour other taxa
not normally present.
Macroinvertebrates were sampled at approximately 20 reaches within the Australian
Alps (Bevitt et al. 1998). The abundance and diversity of macro invertebrate fauna
above the SMHS Dam structures was high and the fauna were characteristic of alpine
or montane streams. Downstream of the Guthega, Island Bend, Eucumbene, Geehi
and Tooma Dams the abundance and diversity of macroinvertebrates was very low
and the faunal assemblages represented those of foothill streams or lotic environments
instead of alpine or montane streams (Bevitt et al. 1998). These changes in faunal
composition arose from reductions in hydraulic variability, reduced flow volumes at
all times, reduced frequency and magnitude of flushing flows, reduced seasonal
variability, and also some unnatural changes in water levels associated with releases
from power stations (Bevitt et al. 1998). These alterations have resulted in channel
contraction, lack of channel adjustment, isolation of the channel from the riparian
vegetation, loss of rapids, temperature alterations, sedimentation and accumulation of
organic matter. These physical alterations resulted in the alteration of
macro invertebrate communities from lotic to lentic communities (Bevitt et al. 1998).
The recommendations made by the expert panel included those that would maintain or
provide adequate volumes of flow at all times, provide a flow regime that incorporates
seasonal variability, provide flushing flows and channel maintenance flows (Bevitt et
al. 1998).
3.1.2 ElIcwnbene Dam and Catchment.
Eucumbene dam was completed in 1958 and is the major storage of the SMHS (Bevitt
et aI.1998). It regulates the headwaters of Lake Eucumbene, and receives water from
the Snowy River (from Island Bend Dam), the Upper Murrumbidgee River (from
Tantangara Dam), the Tooma River and the Tumut River. Little water quality work
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has been conducted in the Eucumbene River catchment above the Dam. Early
recordings of raw chemical data by the Snowy Mountains Hydroelectric
Environmental Authority (SMHEA 1971b) were made for several sites on the
Eucumbene River and Big Tolbar Creek, as well as at Bald Mountain and Gang Gang
Creeks, and Lake Eucumbene during inundation. Later water quality monitoring of
its impoundment by the SMHEA revealed Lake Eucumbene to be oligotrophic with
good water quality that was dilute and with low nutrient levels (Bowling 1995).
Aquatic ecosystem studies in this catchment have tended to focus on introduced trout
species. Tilzey (1976) noted the detrimental effect that competition and predation by
trout were having on native Galaxiid fish in many creeks in the Eucumbene
catchment. These creeks were incidentally described as having recovered very well
from extreme disturbances from gold mining and fossicking activities around Kiandra
last century. Faragher (1980a and b; 1992) described various characteristics of 'mudeyes' (dragonfly lalvae) and yabbies in the Lake, and their roles as food for trout.
Later studies looked at growth rates of rainbow trout (Faragher 1992), and their
comparative exploitation in comparison with brown trout (Faragher and Gordon
1992).

An expert panel assessment of rivers affected by the SMHS found that invertebrate

assemblages above Eucumbene Dam were both abundant and diverse as would be
expected in montane rivers (Bevitt et a I. 1998). The ecology of the rivers below the
dam has been modified by regulation. Macroinvertebrate taxa were those that
favoured the modified conditions. Prior to the construction of the SMHS, Blackfish
(Gadopsis sp.), Long-finned eels (Angllilla reinhardtii) , short-finned eels (Angllilla
austmlis) , Brown and Rainbow Trout and Goldfish (Camssius allmtus) were all
recorded in the Eucumbene River. The only organism caught in the expert panel fish
survey was a small yabby. This suggests that the Eucumbene aquatic system may
have been altered in such a way that it only favours aquatic organisms that that can
survive in the modified system. A biological monitoring and assessment program
such as AUSRIVAS may be able to assess how the Eucumbene dam is affecting the
water quality and ecological integrity of the Eucumbene River. Few other biotic
studies have been undertaken in this catchment.
3.1.3 Thredbo (Crackenback) River.

The Thredbo River is the most intensively studied of the major sub-catchments of the
Snowy Basin. The need to minimize the impact of the operation and expansion of
Thredbo Village ski resort, its associated STP, as well as other developments in the
valley, on downstream users and on the aquatic ecosystem (including Lake Jindabyne)
has provided for ongoing research and monitoring of the river. Since the early 1960's
the sewage of Thredbo Township had received secondary treatment in an activated
sludge plant before discharge into the river. Overload of the plant during peak
visitation periods and a proposed expansion of the resort in the early 1980's required
an assessment of the impact of the STP, a prediction of future impacts and the setting
of guidelines for plant operations following expansion.
Cullen and Lea (1981) made a preliminary assessment of the capacity of the Thredbo
River to assimilate sewage effluent. The concept of assimilative capacity refers to the
capacity of a water body to incorporate various pollutants without deleterious changes
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to the system. It requires both, knowledge of the dynamics and ecology of the water
body under question as well as value judgements about what level of changes is
acceptable (Cullen 1985). Pollutants discharged from secondary treatment plants
include: organic matter, which when it decays may lead to a depletion in dissolved
oxygen; nutrients, such as phosphorus and nitrogen, which may stimulate plant
growth, including that of nuisance water weeds and algae; microbial contaminants,
which may pose a health hazard to water users downstream, and; other contaminants,
such as ammonia, which is toxic to stream fauna and may add to oxygen demand.
The negative impacts of pollution on aquatic systems highlight the need for continual
monitoring of STPs as well as monitoring dispersed land uses that can also contribute
pollution to aquatic systems. Monitoring and assessment may help identify pollution
when it occurs and allow management strategies to be formulated before it can
negatively impact aquatic ecosystems and compromise the high water quality values
of the national parks.
Cullen and Lea (1981) found no drop in dissolved oxygen levels, no evidence of a
microbiological hazard, and two instances of slightly raised ammonia levels, as a
result of the addition of effluent from the STP. Mild stimulation of the growth of
attached algae was observed over 500 m of river downstream of the discharge during
the one in twenty year low flow period that occurred over the summer of 1981
(SMEC 1981). Assimilative capacity was not deemed to have been exceeded, as
effects on the river were minor and were expected to be ameliorated with higher flow
rates, which would dilute the effluent and slough attached algae from the stream
bottom. It was recommended that treatment plant performance guidelines be flow
dependent and be based on the level of biostimulation of attached algae.
An extension of the assimilation study by Cullen (1983) incorporated the findings of
the preliminary study and those of a parallel study emphasising effects on the aquatic
ecosystem (Cullen and Non'is 1983), as well as data from a monitoring program of the
State Pollution Control Commission (SPCC 1982). High flows resulting from
thunderstorms were pinpointed as an important mechanism for sloughing off attached
plant material and thus preventing algal biomass accumulation during the limited
summer growing period. Various biological indicators showed the river to be in
excellent condition. A phosphorus discharge, leading to maximum stream
concentrations of 0.055 mgr' under low flow conditions, was recommended to
maintain this condition and limit the chemical and biological assimilation zone to less
than 3 km (Cullen 1983).
Over the period 1981-82, Chapman and Simmons (1990; also see above) made use of
artificial substrata (glass slides) for the growth of algae, to determine the effect of
effluent addition on algal biomass and species composition. They found that
estimated biomass increased below the sewage outfall during low-flow periods and
that algal species indicative of moderate pollution made up a significant proportion of
this growth. This proved cause for concern and further studies were undertaken on
the effects of sewage effluent on aquatic ecosystems.
Further studies focused on the pelformance of the sewage treatment plant. Finlayson
et al. (1986) assessed the ecology of a natural wetland that receives the treated
effluent of the STP, along with its effectiveness to change the quality of wastewater as
it filters through to the river. Phosphorus loads in the effluent were reduced by up to
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44%, nitrogen loads by up to 65 %, and turbidity, pH, conductivity and dissolved
oxygen were all reduced with passage through the wetland. The wetland was thus a
de facto tertiary treatment stage. Brodrick et al. (1988) moved beyond the black box
(input-output) understanding of the wetland filter, and examined the denitrification
rates and activity in soils and decaying plant material within the wetland. Fakouhi
(1990) looked at the process of the conversion of ammonia to nitrate by nitrifying
bacteria in the treatment plant, while examining some instances of raised ammonia
levels in the river.
The proposed augmentation of the STP to improve its performance and cater for the
expansion of the resort was examined in detail in an environmental impact statement
(EIS) prepared by Hogg (1984). The Kosciuszko National Park Plan of Management
identified as a water quality management objective, the treatment of any effluent
discharged within the Park to the highest possible levels including the reduction of
nutrient loads (NPWS 1982). The proposed nutrient removal (tertiary treatment)
strategy examined by Hogg (1984) involved the augmentation of existing facilities
with an intermittent cycle extended aeration system. Organic nitrogen would be
removed as gas through the denitrification activities of certain bacteria in the plant. In
J
order to meet the recommended stream concentrations of 0.055 mgr put forward by
Cullen (1983), phosphorus would be precipitated with the addition of alum and
subsequently removed for disposal outside the Park in the resultant sludge. Before
discharge into the wetland, wastewater would be passed through ultra-violet
sterilization equipment in order to achieve maximum microbial decontamination.
A number of postgraduate research projects have been based on the effects on the
river of the resort and other land use features within the catchment. Over a 12 month
study period from January 1982, McKaige (1986) evaluated the macro invertebrate
community and selected physical and chemical variables of a pristine site above the
Village, and compared these with results obtained from sites below; the Thredbo
rubbish tip; Thredbo STP; Gaden Trout Hatchery (approximately 28 km downstream
of Thredbo), and; four intermediate sites. She found that invertebrate community
changes were a much more sensitive measure of human impact than were
measurements of physical and chemical variables. Significant impacts on these
communities were attributed to toxic leachate from the garbage tip during the winter.
During the summer, macroinvertebrate communities showed signs of appreciable
organic enrichment (increased species richness and abundance) downstream of the
STP and the trout hatchery. Effects of sewage effluent were found to have largely
dissipated by 5 km downstream from Thredbo, but some evidence of biostimulation
up to 12 km downstream of the STP was postulated to have been due to the
remobilization of sediment entrained winter nutrient loads.
A study carried out over the year from January 1983 by Tiller (1988) also looked at
the effects of sewage effluent on the benthic macroinvertebrate community in the
Thredbo River. He sampled a pristine location above Thredbo Village and sites
immediately below: the Village; the rubbish tip; the STP and 5 further sites up to 8
km downstream of the STP. Nutrient levels below the Thredbo Village STP were
elevated compared with upstream sites and stimulated increases in the growth of
periphyton. Phosphorus concentrations were found to have fallen to background
levels (as measured at the control site) by 3.5 km below the STP, while nitrogen
levels were still somewhat raised at the lowest site. In contrast to McKaige (1986),
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Tiller (1988) could find no evidence of toxic effects caused by leachate from the
garbage tip. Slight changes in community structure at the sites below the Village and
tip, and significant changes below the STP were attributed to nutrient additions from
urban runoff, nutrient leachate (despite measured levels at these two sites not being
notably higher than those of the pristine site) and sewage effluent respectively. While
the taxonomic composition of the macroinvertebrate community was not substantially
altered, there was a significant increase in the abundance of pollution tolerant taxa
such as Chironomidae and Oligochaeta and also increases in the abundance of taxa
not particularly tolerant of pollution such as Conoesucidae sp. TR 6 (Trichoptera),
Oxyethira calumba (Trichoptera) and Austrocercella tillyardi (Plecoptera). It was
thought that these taxa might have been taking advantage of increased algal growth.
While the alterations to the macroinvertebrate community were limited, the addition
of nutrients from STP effluent discharges influenced the aquatic ecology of the river.
This highlights the need for continual monitoring of land use practices in the national
parks to ensure impacts from the STPs and dispersed land use do not permanently
affect the ecological integrity of streams and rivers of the national parks.
The work of the previous authors (Cullen and Norris 1983; McKaige 1986; Tiller
1988; Chapman and Simmons 1990) on the effects of sewage effluent addition on
stream ecology, had been based on data collected before the augmentation of the
Thredbo STP with a nutrient removal treatment phase. Augmentation subsequently
took place in 1986 and Thurtell (1992) examined the effects of effluent addition on
periphyton and the macroinvertebrate community following nutrient removal. She
found some evidence for phosphorus being a limiting nutrient for periphyton growth
in the Thredbo River. Significant increases in periphyton and macroinvertebrate
abundance and richness below the effluent outfall (although less than levels noted
before augmentation) and also in open sunny sites were recorded over the summer.
Invertebrate increases were strongly related to increases in periphyton biomass and it
appeared that higher flow and lower temperatures limited the build up of algal
biomass during the winter. During the summer growing period physical factors such
as light, temperature and substratum characteristics may be as important in controlling
macroinvertebrates as nutrient addition. Generally, since the augmentation of the
Thredbo STP, nutrient concentrations in the Thredbo River have been reduced
(Thurtell 1992). However, periphyton levels were still higher downstream of the
effluent discharge suggesting that further assessment of the long-term effects of the
effluent on the ecological integrity of the Thredbo River may be required.
Thredbo STP was upgraded in 1986 and stimulation of increased algal growth
following effluent addition was not obsetved. The proposed expansion and
development of Thredbo in 1989, to an overnight capacity of more than 4000 beds,
required a statement from the SPCC that this development should not affect the
Thredbo River. That statement required definition, on the basis of existing
information, of the physical, chemical and biological condition of the river. This
definition was provided by Stevenson and Norris (1993) for the condition of the river
at June 1989 and made use of previously published reports and research theses, as
well as monthly physical and chemical data collected from April 1987. Data showed
that very low turbidity, suspended solids and conductivity levels, and high to saturated
dissolved oxygen levels were a general phenomenon, regardless of position in relation
to the Village. Water temperature followed air temperature and pH was mostly within
the range of 6.3 to 7.7. Research studies have shown increased nutrient levels below
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the STP with phosphorus readings falling to background levels by 3.5 km downstream
and nitrogen levels remaining elevated for up to 8 km. Following augmentation of the
STP, regular monitoring between 1987 and 1989 failed to find significantly raised
phosphorus, or other nutrient concentrations except for nitrate/nitrite.
Macroinvertebrate numbers tended to follow algal biomass, which was in turn
controlled by physical factors, as well as by nutrient levels, including those added by
the STP. Ammonia was the only toxicant detected, although leachate from the
garbage tip had been implicated as having had an effect on the macroinvertebrate
community 011 occasions.
A subsequent definition of the river's condition by Ward and Non'is (1994a) for the
period June 1989 to August 1993 found that the operation of the STP was having little
effect. Apart from August 1990, when relatively high concentrations of ammonia
were released as a result of a plant malfunction, levels of nitrogenous compounds, as
well as those of phosphorus, were not significantly raised downstream of the plant.
Based on all measured variables, it was concluded that the ecological integrity of the
river was not being adversely affected by the opera'tions of the resort. A summary of
biological monitoring for the period August 1990 to December 1991 is found in
Parsons and Norris (1992).
The New South Wales Department of Water Resources (NSW DWR) water quality
monitoring program examined a range of variables, including nutrients, turbidity,
transparency, colour, conductivity, temperature, dissolved oxygen, pH and algae, of
the Thredbo River, in terms of its ecological health and as the major tributary of Lake
Jindabyne (Bate 1992). Bate (1992) found that, for the period 1991-92, the Thredbo
River had generally good water quality and passed ecological health criteria
(ANZECC 1990), but because of its greater flow relative to other tributaries it also
contributed the greatest load of nutrients to Lake Jindabyne. The Thredbo River may
have had very low nutrient concentrations, however, its phosphorus contributions to
Lake Jindabyne are three times higher per area of catchment than the other major
inflows and Bowling (1993) suspected considerable input from tourist activities
within the catchment. To find the source of nutrients from the sub-catchment,
Bowling and Acaba (1995) have recommended that routine monthly sampling should
continue in the river and its tributaries, and that event sampling using autosamplers
and flow measurements should be established as soon as possible and continued for
two years.
As part of a long-term monitoring program macro invertebrates are been sampled four
times a year since at four sites on the Thredbo River. This project was undertaken by
the Cooperative Research Centre for Freshwater Ecology for Kosciuszko Thredbo
PTY LTD and has been running since June 1989 (Nichols and Norris 1996). The
project aims to assess the long-term variability in macroinvertebrates in the Thredbo
River. Generally, the effluent from the Thredbo Village STP is of a high quality and
has little effect on the water quality and biota of the Thredbo River (Nichols and
Norris 1996). During February 1995 and Feb 1996 (Beggs and Norris 1996b), MayAugust 1997 (Nichols et al. 1997b) and May1998 (Nichols et al. J 998a) and the sites
downstream of the STP (100m below and 500m downstream of eth STP) fall below
reference, that is there macroinvertebrate fauna became impaired by the water quality
(Nichols et al. 1998c). In November 1998, the macroinvertebrate assemblages of
these sites were equivalent to reference indicating that the Thredbo Village and STP
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were not affecting the water quality and macro invertebrate assemblages of the
Thredbo River (Cunningham and Norris 1998b). There are few such long-term
monitoring projects undertaken in the Alps. Similar long-term monitoring should be
undertaken for other rivers and streams of the Australian Alps.

3.1.4 Geehi River
The Geehi River upstream of Geehi Dam is in relatively unaltered condition and
contains a diverse and abundant macroinvertebrate community (Bevitt et al.1998).
Prolonged high flows in snowmelt and natural seasonal and daily variability
characterize the flows upstream of Geehi Dam. Geehi dam was built in 1966 and
releases negligible flow downstream. As a result, the downstream channel has
undergone 75% channel contraction and has been invaded by tea-tree and willows.
The macroinvertebrate community at two sites downstream of the Geehi Dam had low
abundance and diversity, composed of taxa that can tolerate high organic matter load,
poor habitat and or water quality (Bevitt et a1.l998). It is likely that flow alteration
has contributed to the decline in some taxa and alterations of the aquatic community.
Monitoring would assist in describing the biological condition of sllch sites and
provide a benchmark for future monitoring and assessment and for the development
of appropriate management strategies.
3.1.5 Tooma River
The Tooma Dam, completed in 1961 is another major water storage facility of the
SMHS. Upstream of the Tooma Dam, the Tooma River experiences high flows
during snowmelt, natural seasonal and daily variability and peaks after storms
characteristic of alpine streams (Bevitt et al. 1998; SWI 1998). The
macroinvertebrate community composition above the dam was found to be diverse
and typical for an alpine stream, suggesting that the water quality and ecology above
the dam is in good condition. Releases from the dam are negligible with less than 4%
of the original discharge being released to the Tooma River. Sites downstream of the
dam were found to have poor habitat conditions with all substrate being highly
embedded. The macro invertebrate community immediately below the Tooma Dam
was low in abundance and diversity suggesting that regulation has altered the physical
and chemical environment thus, adversely affecting the biota below the dam. Further
downstream of the Dam (18km), macroinvertebrate diversity and abundance was very
low in the pools and productive and diverse in the riffles (Bevitt et al. 1998). Frog
and native fish diversity was also low although fish populations were expected to be
sizable. Even in areas of good fish habitat condition few fish were recorded and
macro invertebrate communities reflected some sort of disturbance although nothing
obvious was apparent (Bevitt et al. 1998). As part of an extension of the Snowy
Water Inquiry, the NSW Environmental Protection Agency (NSW EPA) fish and
macroinvettebrate sampling is currently being for sites along the Tooma River
especially below Tooma Dam (Simpson 1999, pers. comm.). The habitat conditions
of the Tooma River were reported as being in good condition, however, many fish
species were absent suggesting that some degradation may be occurring. Thus, the
NSW EPA is currently investigating the fish communities of the Tooma River to
determine if any impacts are occurring. Results of these sUlveys are not yet available.
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3.1.6 Happy Jacks River
The Happy Jacks Dam captures the water of Happy Jacks and Upper Tumut Rivers
and diverts them to Lake Eucumbene. The unregulated section of Happy Jacks River
was found to be similar to other alpine streams with prolonged high flows during
snowmelt, natural and seasonal daily variability and occasional peak flows after
storms (Bevitt et al. 1988). Above the dam Happy Jacks River is in pristine alpine
condition with good interaction between channel and native riparian vegetation and
diverse and productive macro invertebrate fauna. Thus the water quality above the
dam should be in good condition. Physical, chemical and biological monitoring
would ensure that the water quality values within the park and those for domestic
supply are being maintained.

3.1.7 TlIIl1Ut River
The dams on the Tumut River have resulted in highly modified flow patterns in the
Tumut River (Bevitt et al. 1988). Flows are negligible between Tumut Pond Dam and
Talbingo Dam. Between Tumut 2 power station and Talbingo Dam, flows are low
with rapid rates of rise and fall and seasonal variation no longer occurs in the Tumut
River (Bevitt et al. 1988). This may have adversely affected many macro invertebrate
and fish fauna that required seasonal flow regimes as part of their ecology (Bevitt et
al. 1988). Downstream of Happy Jacks Dam on the Tumut River the ecology of the
Tumut River has been greatly impacted with severe channel contraction (75-80%) and
subsequent invasion by exotic vegetation (Bevitt et al. 1988). Altered flow regimes,
channel contraction, invasion by exotic vegetation has resulted in reduced and altered
instream habitat, increased shading, increase in detritus and oxygen depletion (Bevitt
et al. 1988). These changes may have been responsible for the alterations to the
macro invertebrate community from an alpine montane stream to one characteristic of
a foothill stream. Such habitat changes may have also been responsible for the
absence of native fish in the area (Bevitt et al. 1988). Further monitoring is required
to assess how many rivers may have been altered by the construction and operation of
the SMHS and to provide targets for the process of rehabilitation or appropriate levels
for environmental flows.

3.1.8 Upper Murrumbidgee
The Murrumbidgee River rises northeast of Kiandra in Kosciuszko National Park. It
flows off the slopes of the Firery Range of the Great Dividing Range (SWI 1998).
Tantangara Dam (SWI 1998) diverts approximately 98% of the flow of the
Murrumbidgee River. An aqueduct to Tantangara Dam (Bevitt et al. 1988) also
diverts the headwaters of the Goodradigbee River. Small riparian releases and large
flood events are released to the Murrumbidgee River below the dam. The effects of
regulation by Tantangara Dam are diminished as the Numeralla, Bredbo, Naas,
Gudgenby, Cotter and Molonglo Rivers join the Murrumbidgee River (Figure 6).
Before the SMHS was developed, the Murrumbidgee River was influenced by high
winter and spring flows. Flood events have decreased in frequency and magnitude
since the construction of Tantangara Dam. Alterations may adversely affect the water
quality and ecology of eth streams and rivers of the Upper Murrumbidgee Catchment.
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The AUSRIVAS predictive models were developed for the biological assessment of
river health as part of a MRHI project under the NRHP. As part of the first stage of
this MRHI project, a large number of reference sites were sampled to develop a large
data set of sites with biological and physical habitat conditions minimally impacted by
human use. Fifty reference sites within the Upper Murrumbidgee catchment were
sampled for macroinvertebrates and water quality (TN, TP, DO, alkalinity,pH,
turbidity and conductivity) in autumn (Bevitt 1996) and spring of 1995 (Williams
1996). By definition, these sites had physical and biotic characteristics minimally
impacted by human use. Therefore, it was expected that water quality should be high
at these sites. Sixteen of these sites were located on high-mountain rivers and streams
above 1000m ASL within Kosciuszko National Park. Seven of these sites were
located in the headwaters and tributaries of the Murrumbidgee River above and below
Tantangara Dam, 4 sites were located in the headwaters of the Numeralla River and
the 5 remaining sites were located on the headwaters and tributary rivers of the
Goodradigbee River. The water quality conditions at all of these sites fell within the
recommended guidelines for the maintenance of ecosystem health (Maher et al. 1994;
Bevitt 1996; Williams 1996). The biological condition of these sites was found to be
equivalent to reference (Bevitt 1996; Williams 1996). Flows are negligible in the
Goodradigbee River below the aqueduct but increase as tributaries join the river
downstream. The river has good range of habitat diversity and has diverse and
abundant macroinvertebrate fauna, although there is an absence of normal riffle fauna
(Bevitt et al. 1988). Galaxiidas and Blackfish were expected below the aqueduct,
however, none were found (Bevitt et al. 1988). While few water quality issues were
found at the reference sites, the high level of agriculture and other activities within the
catchment may adversely affect the water quality of other rivers and streams of the
Upper Murrumbidgee Catchment. Thus, monitoring of a larger number of sites within
the catchment was required to further assess the effects of land use activities on the
water quality of the river.
As part of the First National Assessment of River Health (FNARH), an extension of
the NRH,P, 65 test sites and 10 reference sites were sampled within the ACT and
Upper MUlTumbidgee catchment in May and October1997. This project was designed
to assess the biological health of rivers throughout the Upper Murrumbidgee
Catchment (Sloane et al. 1997; 1988a). Of these sites, 6 test sites and 1 reference site
were located above 970m ASL within Kosciuszko National Park. Five of the test
sites were located on the Murrumbidgee River or its I tributaries downstream of
Tantangara dam and one site was located in the headwaters of the Queanbeyan River.
The reference site, a tributary of the Goodradigbee River always had biological
condition equivalent to reference (Sloane et al. 1997; 1988a). In May, the biological
condition at 5 of the test sites was found to be below reference (Sloane et al. 1997).
However, the biological condition at these sites may have been adversely affected by
the low flows and nutrient enrichment associated with the drought that was present at
the time of sampling (Sloane et al. 1997). The biological condition of the area
seemed to have shown some improvement in October 1997 when only 3 test sites
having biological condition below reference in October 1997 (Sloane et al. 1998a).
Reduced biological condition at the test sites in October 1997 was attributed to
nutrient enrichment, habitat degradation and sedimentation associated with
agricultural practices and other land use and river regulation which, were prominent
in the catchment (Sloane et a I. 1997; 1998a).
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A further 32 test sites were sampled in May and October as part of the third stage of
the FNARH program in the Upper Murrumbidgee Catchment. This stage was used to
provide an assessment of rivers and streams not covered by sampling from the first
two stages (Sloane et al. 1998b; Sloane et al. 1998c). Only two test sites and one
reference site were located above 1000m ASL within Kosciuszko National Park.
Both of the test sites were located in agricultural areas downstream of Tantangara
Dam. Total nitrogen levels and total phosphorus levels exceeded recommended levels
for ecosystem maintenance at the test site on the Munumbidgee River, while total
phosphorus levels were exceeded at Alum Creek (a tributary of the MUlTumbidgee
River). The test site on the Murrumbidgee River was assessed as having biological
condition equivalent to reference when using the edge habitat, while the other test site
on Alum creek had biological condition well below reference (Sloane et al. 1998b).
The same sites were assessed as below reference and impoverished, respectively,
when the riffle habitat was used (Davies 1999). The reference site was assessed as
having biological condition equivalent to reference on both sampling occasions
(Sloane et al. 1998b; Sloane et al. 1998c). The impaired biological condition at many
of the test sites sampled in the FNARH program indicates that land use activities
within the catchment may be contributing to reduced water quality and ecological
condition within the streams and rivers of the Upper Murrumbidgee catchment. This
highlights the need for continued biological monitoring and the further sampling of
un-monitored areas. This will help identify rivers suffering from degradation and
ensure that the chemical and biotic integrity of waters of the mountain streams of
Kosciuszko National Park is maintained.
An expert panel report was undertaken to assess the environmental flows of the Upper
MUlTumbidgee River (SREP 1997). Vegetation change, increased nutrient loads,
increased erosion, and introduction of exotic plants were all occulTing in the
catchment. The recovery from other impacts may have been impeded by altered flow
regime caused by the SMHS (SREP 1997). Macroinvertebrate communities were
generally diverse at all sites although impacts from land use and flow regulation were
observed. The low flow regime and absence of flushing flows affected the riparian
and aquatic vegetation and macro invertebrate downstream of Tantangara Dam (SREP
1997). Community assemblages were reasonably diverse, with the exception of the
absence of filter feeding taxa (SREP 1997). The remaining sites sampled were
outside the Alps area and not discussed here. Recommendations proposed by the
panel included: the mimicking of seasonal flows from Tantangara Dam, annual and
daily peak flows, minimum flows at certain sites along the Munumbidgee, the
removal of willows and their seedlings, control of sand extraction, migration of native
fish, investigations of migration of native fish and operation the rock-ramp fishways
and a benchmark monitoring program to investigate the existing ecology and
morphology of the upper Murrumbidgee River (SREP 1997).

3.2 SlInlln({1),
Much water quality information is available for the rivers and streams of the
mountainous areas of NSW, however, most detailed literature is associated with the
monitoring the effects of the SMHS on the Snowy River and the ski resorts on the.
This monitoring has provided much detailed information of water quality in these
rivers and has proven to be effective for the detection of water quality impacts and
breaches of ski resort licence agreements. Much further information could be gained

Water Quality ill the Australiall Alps

42

from studies that investigated the water quality for a larger area of the national park.
Such a monitoring program may also identify the effect that dispersed recreation and
land use are having on the water quality and ecological integrity of many of the high
mountain streams and rivers of Kosciuszko National Park.

4. AUSTRALIAN CAPITAL TERlUTORY
4.1 Namadgi National Park

The western border of Namadgi National Park forms the southwestern border of the
ACT (National Capital Development Commision: NCDC 1986). The park covers an
area of approximately1250km 2 encompassing the Tidbinbilla ranges, Clear, Booth
and Billy Ranges. A wide diversity of plant and animal habitats and climatic types
are present in Namadgi National Park many of which are of significance and require
protection and conselvation (NCDC 1986). The high mountainous areas and ridges
are the only areas in Namadgi National Park and the ACT with a sub-alpine climate.
Few water quality studies have been published on the streams and rivers of Namadgi
National Park (Figure 6), although some emphasis has been placed on the Cotter
River because of its role as a water supply catchment. Water quality studies in the
mountainous areas of the ACT are provided in Table 4.
As part of the sampling for the development of the AUSRIV AS predictive models, a
large number of reference sites were sampled as described earlier. Of the 50
reference sites sampled within the Upper Murrumbidgee Catchment, three of these
sites were located within Namadgi National Park at elevations greater than lOOm ASL
(Parsons 1994; Simpson 1995). Macroinvertebrates and chemical variables (TN, TP,
DO, pH, conductivity and alkalinity) were sampled in autumn and spring of 1994 as
part of the ACT component of the program (Parsons 1994; Simpson 1995). The water
quality variables at these sites (the Cotter River upstream of Corin Dam, Naas creek at
Boboyan Rd and Bogong creek at Boboyan pine forest) were within recommended
levels for ecosystem maintenance (Maher et al. 1994; Parsons 1994; Simpson 1995).
The biological condition at these sites Was equivalent to reference and they were used
in the development of the ACT AUSRIVAS predictive models.
As part of the second stage of the FNARH sampling program, a large number of test
sites were sampled within the ACT to provide a measure of the biological health of
rivers within the ACT. Of the 50 test sites sampled in May and October1997, 6 of
these were located within Namadgi National Park at altitudes of at least 1000m ASL.
One site was located on the Cotter River above Corin Dam, one on Grassy creek, and
two sites on tributaries (Bogong ck and Hospital ck) of the Gudgenby River were
assessed as having biological condition equivalent to reference (Sloane et al. 1997;
Sloane et al. 1998a). The biological condition at Grassy creek, a tributary of the Naas
River was found to below reference in both Autumn and Spring (Sloane et al. 1997;
Sloane et al. 1998a). This sites was located at a campground and surrounded by
moderate catchment erosion which may have contributed to the reduced biological
condition at this site (Sloane et al. 1997; Sloane et al. 1998a). No other published
data could be obtained for water quality measurements of the rivers and streams of
Namadgi National Park, especially the Naas and Gudgenby Rivers. The finding of
sites with biological condition below reference suggests that land uses within the park
may be adversely affecting the water quality of streams and rivers within Namadgi
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National Park. Further biological monitoring of these areas will allow any further
impacts to be identified as well as monitor any changes associated with current
management practices.
Table 4 Water quality studies of high mountain rivers and streams in the ACT.
Type of Study
Where (SubEmphasis / Variables Author/s.
catchment/s)
Tested
Policy Plan

Cotter River Catchment

Environmental
analysis

Cotter River Catchment

Fish Survey

Upper Cotter River
Catchment

Policy Plan

Namadgi National Park

Rapid Biological
Assessment
Biological
monitoring/
methods
Biological
monitoring
Biological
monitoring and
sampling methods
- BiologFcal
Monitoring

ACT

Planning policies
within the catchment
Land use, nature
conselvation, bushfire
control, recreational
uses, commercial uses.
Presence, abundance,
growth rates and
distribution
Planning policies
within Namadgi
National Park
Macroinvertebrates

NCDC (1985)

ACT

Macroinvertebrates

Simpson (1995)

Upper Murrumbidgee
Catchment
Upper Murrumbidgee
Catchment

Macroinvertebrates

Bevitt (1996)

Macroi nveltebrates
and mesh size

Williams (1996)

Namadgi National Park

Macroinveltebrates

Sloane et al.
(1997; 1998a)

Cotter Catchment
Resou rce/Ecologi
cal Study Group
(1986)
Lintermans and
Rutzou (1990)
NCDC(1986)

Parsons (1994)

4.1.1 Cotter River
The Cotter River catchment is a long narrow valley bounded by the Brindabella,
Bimberi and Scabby ranges to the west and the Tidbinbilla ranges to the east
(CCRESG 1986; NCDC 1986). The Cotter River rises in the Scabby ranges at an
altitude of 1760m ASL (Lintermans and Rutzou 1990). Since 1912 the Cotter River
catchment has been used to supply water to the ACT thus, many recreational activities
are restricted (NCDC 1986; Lintermans and Rutzou 1990). Only the Upper
catchment falls within the Australian Alps. This area is strictly managed because of
its I role as a water supply catchment. Corin, Bendora and Cotter Dams regulate the
Cotter River and provide water for domestic supply to Canberra and the surrounding
area. The Cotter catchment is strictly managed to ensure the supply of safe drinking
water thus, fishing, bushwalking, Cross-country skiing in winter and nature study are
the only activities permitted in the remote upper catchment. Much of the upper
catchment is covered by native forest and has rugged terrain making access very
difficult (Lintermans and Rutzou 1990). Lower in the catchment, picnicking, bikeriding, camping and a variety of other recreational pursuits are allowed (NCDC 1986).
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Figure 6. Rivers and streams of theUpper Munumbidgee Catchment. Namadgi
National Park and part of Kosciuszko National Park fall within the catchment.
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Run-off from the upper catchment around Corin Dam and Bendora Dam is of a high
quality because of good vegetation cover, soil stability and limited human activities.
Before water is distributed to Canberra's water supply system, the water diverted from
Bendora is disinfected, pH corrected and fluoridated (CCRESG 1986; NCDC 1986).
The efficiency of this treatment relies on the maintenance of the water quality of
Bendora darn being low in nutrients and turbidity (CCRESG 1986; NCDC 1986).
Turbidity and bacterial levels have been reported to be a problem in the lower
catchment and water treatment is required before use for domestic supply (NCDC
1985; NCDC 1986). Logging and a wide range of recreation activities occur in the
lower catchment contributing to the increased turbidity and bacterial levels of the
lower Cotter River. This demonstrates the importance of strict management practices
and the need for monitoring to maintain the chemical and ecological integrity of rivers
and streams within the catchment.
Few studies have been published relating to water quality in the Cotter River and
other areas of Namadgi National Park. The University of Canberra undertook a study
in 1997 that examined the effects of the Darns on the ecology and water quality of the
Cotter River. The macro invertebrate composition directly below each darn was found
to be mildly or moderately impacted (Nichols et al., in prep). Two of the sites
sampled in this study were located above Corin Darn at elevations of 980 and 1010m
ASL respectively. Cotter Flats above Corin darn had biological condition equivalent
to reference and good water quality characteristics where as the site 9km upstream of
Corin Darn was missing some of the sensitive taxa expected to be at the sites and was
assessed as having conditions below reference (Nichols et al., in prep). Turbidity
measurements were low within the catchment indicating no widespread erosion at the
time of sampling. The sites within the high mountainous areas of the Cotter River
catchment were found to be in good chemical and biological condition and may
reflect the minimal recreational use and highly vegetated environment as a result of
strict management practices.

4.1.2 SllIJ1nWl)}
Generally few water quality data exist for the streams and rivers of the mountainous
areas of Namadgi National Park. The sampling associated with MRHI and FNARH
indicate that the water quality of reference sites within the park are in excellent health.
However, the biotic and chemical status of the test sites indicate that these sites are
being adversely impacted by surrounding land uses. The health of these rivers and
streams needs to be improved so as not to adversely affect the biotic and ecological
integrity of rivers and streams of the mountainous areas of Namadgi National Park.

Water Quality in the Australian Alps

46 5

.5CONCLUSIONS
Ecological and water quality data exist for the some of the rivers and streams of the
Victorian Alps, however, the data are sparse and may have not been analysed. Most
invertebrate data have been collected to examine taxonomic richness and do not
provide an assessment of the water quality at these sites. The majority of studies have
been associated with water quality monitoring of the effluent discharges from the ski
resorts and monitoring of the lower Snowy River. Some studies use biota for
monitoring purposes although, generally organisms have been ignored. Most of the
streams and rivers of the Victorian part of the alps have been largely ignored. Much
of the current status outside the resort areas of knowledge of water quality in the
Victorian Alps is based on physical and chemical measurements. The disadvantages
of the physical and chemical monitoring have been described previous sections. Most
water quality stations are dispersed through the Alps, usually close to town centres
and are not located in appropriate locations to detect the effect of land uses within the
national parks. Thus, a water quality monitoring and assessment program that
encompasses a larger proportion of the Victorian Alps is required to detect the effect
of land uses on water quality in the Victorian Alps.
Much water quality information exists for the Snowy and Thredbo Rivers and their
tributaries in Kosciuszko National Park in New South Wales. This provides much
information about the ecological condition of the high mountain rivers and streams of
Kosciuszko National Park. However, many rivers and streams within the alps of
New South Wales for which no water quality data exist. Water quality monitoring in
New South Wales is mostly associated with the ski resorts and provides much
valuable information about the status of the water and identifies if management
guidelines are being met. However, increasing tourist pressure highlights the need for
fUlther monitoring and assessment that can identify the impacts of dispersed
recreation uses on water quality of alpine streams.
Few water quality data exist for the streams and rivers in the mountainous areas of
Namadgi National Park. The mountainous areas in this national park are small by
comparison to the other national parks that encompass the alps. Monitoring of some
sites with little disturbance by human activities within Namadgi National Park were
described as having good to excellent water quality and biotic conditions. However,
land uses such as grazing and recreation have had adverse effects on the water quality
of some streams within Namadgi National Park as indicated by impaired biological
condition. This indicates that further monitoring and altered management strategies
may be required to protect the water quality values of Namadgi National Park.
Most studies, reports and reviews have recommended:
• further detailed investigations into aquatic ecology, water quality and land use
activity in the basin and wetlands to address identified shortfalls in this
information;
• a consolidation of the various ecological assessment methods used; a detailed
investigation of environmental water requirements;
• The establishment of an integrated monitoring program to assess the effectiveness
of river management activities, in terms of improving river stability, water quality,
habitat conditions and ecological health.
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These recommendations have not been adequately met. Further water quality
monitoring is required to gain fuller understanding of water quality in the streams and
rivers of the Australian Alps. This would also help in addressing the many issues such
as increases in recreation, tourist pressure and sewage effluent discharges that threaten
the ecological, conselvation and water quality values of the Alpine National Park.
Other management issues that influence water quality in the national parks include
river regulation, erosion; sedimentation; willow encroachment and reduced flows
from water abstraction. Effective monitoring of
water quality in the Alpine National Park requires the implementation of a biological
monitoring program that can accurately monitor a large number of sites within the
Alpine National Park and provide information on the ecological integrity and the
water quality of their rivers and streams. Such a program would also provide targets
or baselines against which other samples and impacts could be compared, provide
more information to develop more effective water quality guidelines and management
strategies as well as identify any impacts dispersed recreation use has 011 water quality
of streams of the alps.
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