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Summary 
This survey was conducted to evaluate the potential impact of the construction of a 50ML 
reservoir and associated infrastructure near the site of the present Boggy 2 reservoir on Boggy 
Creek, Mt Buller. It constitutes an extension of a previous survey which investigated other 
aspects of the extension of snowmaking facilities on the mountain, including a reservoir on 
Chalet Creek. The Chalet Creek reservoir site proved to be a geologically difficult 
construction site, thus prompting investigations of Boggy Creek as an alternative. 

The vegetation of the area in which the proposed the dam site is located is classified as Open 
Forest IV, dominated by alpine ash {Eucalyptus delegatensis) and forms part of a "large 
contiguous area... found on the mid slopes around Mt Buller..." (Land Conservation Council, 
1977). Thus there are few concerns about the impact of the proposal on vegetation. One plant 
species of possible conservation significance, Barbarea grayi, considered to be vulnerable in 
Victoria, was located during the vegetation surveys. 

The terrestrial vertebrate fauna of the study area was surveyed by spotlighting, bat detecting, 
active searching, general observations, specialist consultation, and literature and database 
searches. Faunal habitat was assessed for the likely presence of species which were not 
recorded during field surveys. Two habitat types were identified: Montane Damp Forest 
(alpine ash), in the vicinity of Boggy 2, and Sub-alpine Woodland (snow gum) in the vicinity 
of Boggy 1. Twenty eight (28) mammal species (6 introduced), 69 bird species (1 
introduced), 6 amphibian species, and 12 reptile species have been recorded or are likely to 
occur in one or both of these two habitat types in the study area. The fauna of the study area 
was typical of the extensive alpine ash forest and snow gum woodlands of Victoria. No 
species of regional or higher significance were recorded in or considered likely to occur in the 
study area. Eleven (11) species of High Local significance were recorded in or considered 
likely to occur in the study area. Both habitat types in the study area are of High Local 
significance for populations of these fauna. 

The aquatic invertebrate fauna of Boggy Creek is highly diverse, and the stream is known to 
be a significant habitat, and type locality, for the stonefly Thaumatoperla flaveola, listed under 
the FFG Act. Construction of the reservoir would remove several hundred metres of stream 
habitat, and sediment generated from construction would have a deleterious impact 
downstream. The steepness of the channel would ensure that sediment generated was flushed 
through the Boggy Creek system within a few years although it could cause longer term but 
less intensive problems in the Delatite River system downstream. Reduction of streamflow 
due to water extraction would reduce the area of habitat available to instream fauna, but i f a 
minimum flow of 7 L s' is maintained at the Boggy 2 site and 5 L s"' at the Boggy 1 site, and 
the normal flow variability not greatly reduced, the impact on the stream fauna can be 
minimised. Channel maintenance flows of 500 L s"' should be allowed for in any reservoir 
design. The stream has a larger discharge than Chalet Creek, and thus greater potential for 
harvesting water for snowmaking. 

The stream is located in a geological discontinuity, with the western side of the proposed dam 
site having a base rock consisting of weathered homfels while the eastern side consists of 
granodiorite, similar to that at Chalet Creek. The two different rock types have very different 
engineering properties, which creates significant difficulties for reservoir construction. 
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1. Introduction 

In 1993 the Alpine Resorts Commission commenced investigations into the possibilities of 
providing infrastructure to facilitate snowmaking on Mt Buller. The initial proposal was for 
the construction of two reservoirs, one near the summit of the mountain which would function 
as a holding reservoir, and the other on Chalet Creek which would be the source of the water 
to be pumped to the summit reservoir. The summit reservoir was constructed in the summer 
of 1994/5, but the proposed dam site on Chalet Creek proved to be a geologically poor site for 
reservoir construction (Campbell et al. 1993), and construction did not proceed 

The summit reservoir is currently filled using mainly previously existing pumping 
infrastructure, with water pumped from Boggy Creek, which has acted as the main water 
supply for the Mt Buller Village for many years. In 1995 we were commissioned to extend 
the environmental survey carried out for the Chalet Creek dam site to investigate a possible 
dam site on Boggy Creek. 

The site proposed, near the site of a small existing weir and pump station known as Boggy 2, 
is at an altitude of about 1280 m (Figs 1.1 & 1.2). The works proposed consist of a reservoir 
of approximately 50 M L capacity which would inundate an area of approximately 2-3 ha. 
The precise location of the proposed works has not yet been determined, so the survey 
includes all areas which may be subject to inundation as well as any other areas (such as the 
downstream area) which may be affected for those communities likely to be affected. The 
survey included five components : 

• a description of the terrestrial plant and vertebrate communities in the potential 
inundation area with an evaluation of their conservation significance 

• an investigation of the aquatic communities in the potential inundation area and 
downstream area with an evaluation of their conservation significance 

• an investigation of the channel morphology and hydrology of the stream with an 
estimate of the potential water yield which could be achieved while still 
maintaining the instream environmental values 

• an investigation of the geological potential of the proposed site for dam construction 
and 

• flirther development of a water management model to allow possible'̂ hnanagement 
strategies to be tested for their influence on water yield and instream flows. 

The site is then compared with the Chalet Creek site on the basis of conservation values, 
potential water yield and suitability as a construction site. 
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Figure 1.1 Map of the upper Boggy Creek catchment showing the location of the proposed 
reservoir and existing works. Contour interval is 50m 

Figure 1.2 Map indicating the location of the Boggy Creek catchment in relation to the Mt 
Buller village and the summit road. 
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2. Terrestrial Biota 

2.1 Introduction 
Separate surveys were carried out for terrestrial plants and vertebrates. In each case the 
survey was restricted to the area of possible inundation and areas immediately adjacent to it. 

2.2 Vegetation 

2.2.1 Introduction 

Surveys of vegetation and flora at the proposed dam site were undertaken to assess the 
general nature of the vegetation, plant species occurring and their conservation status, and to 
thereby provide recommendations to minimise potential impacts of the proposed construction. 

2.2.2 Methods 

Several standard procedures were utilised. Following an initial broad survey of the area, 
species occurrence and abundance were recorded along an east-west transect parallel to the 
northern side of the pump house (Figure 2.1). The transect line extended down to the creek 
then up the opposite (western) slope to approximately the same altitude as the pump house. 

More detailed measures of species cover-abundance were obtained from two quadrats, each 
(30 x 30)m and straddling the creek (Figure 2.1). Data according to a standard 
Braun-Blanquet scale (see footnotes. Table 2.1) are based on single subjective estimates for 
the complete quadrats. 

The locations of the quadrats were selected to provide data on both the somewhat disturbed 
area below the proposed site of the dam wall (quadrat 1) and an undisturbed area further 
downstream (quadrat 2) (Figure 2.1). It was not practicable to locate a quadrat within the 
actual area to be inundated by the dam, due to recent, extensive earthworks; the area was 
nonetheless examined in detail. 

Species occurrence, additional to that already noted elsewhere, was recorded in a fijrther area 
upstream of the existing weir (area 3, Figure 2.1); inclement weather and consequent lack of 
time precluded fijrther data collection. 

The survey was undertaken during mid-April, 1995. Field identification of species was 
confirmed, as required, by reference to collections at the Melbourne Herbarium. 

2.2.3 Results and Discussion 
The vegetation of the site has suffered considerable disturbance due to the construction of the 
access road, weir and pump house (Figure 2.1). There is a large windrow of logs immediately 
below the proposed location of the dam wall (Figure 2.2) and the effects of site clearance 
extend downstream (Figure 2.3). 
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Figure 2.1 Location of the vegetation sampling at the Boggy Creek Reservoir site. Gridline 
interval 100m, contour interval 5m. Squares 1 & 2 indicate location of 30m x 30m quadrats. 
Circle 3 indicates area of general sampling above existing weir, dashed line indicates 
location of transect. Circled numbers with arrows indicate locations from which 
photographs in Figs 2.2 to 2.5 were taken. 

The main effect of this site clearance will be to significantly alter the light regime in the area, 
due to removal of the tree canopy; temperature and precipitation patterns will also be affected. 
These factors influence the natural competitive relationships within the vegetation, leading to 
altered composition and structure. Together with the provision of road access, this also 
results in increased occurrence of weed species, many of which are opportunistic colonisers of 
such areas. 

2.2.3.1 Vegetation 

The alpine ash forest in which the dam site is located is very widespread in the area, thus any 
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proposed works will not significantly affect the occurrence of this type of vegetation. Further, 
given the previous removal of trees to accommodate the existing infrastructure, it is unlikely 
that there will be much requirement for fiirther tree-felling. . The vegetation of the area is 
classified as Open Forest IV, dominated by alpine ash {Eucalyptus delegatensis) and forms 
part of a "large contiguous area... found on the mid slopes around Mt Buller..." (Land 
Conservation Council, 1977). 

While the above comments are appropriate to the forest on a broad scale, there appears to be a 
lack of evidence on which to base comments about the understorey vegetation. It follows that 
one can thus only proceed, and not unreasonably, on the assumption that the understorey 
vegetation types are similarly widespread. Regardless of whether or not this view is accepted, 
concerns about the impact of the proposed works on understorey vegetation are largely 
peripheral since it is unlikely that direct effects of dam construction will extend beyond the 
existing disturbed area. 

As previously noted the dam site has suffered considerable disturbance. In attempting to 
describe or classify the vegetation of this area it is difficult to do more than arbitrarily 
designate the area as disturbed open to sparse scrubland with abundant ground cover of herbs 
and grasses. 

The understorey vegetation in the undisturbed area downstream of the dam site, in which 
quadrat 2 was located is quite variable (see Figure 2.4). While the streamside vegetation may 
be able to be delineated separately as a riparian vegetation type or community, in broad terms 
the vegetation is open scrubland/open heathland (i.e. ignoring the tree canopy). Further 
upslope there are differences in the understorey vegetation due to aspect. On the westerly 
aspect the shrub canopy is relatively closed (Figure 2.4), while on the eastern aspect, the shrub 
canopy is more open above an understorey of grasses and ferns (Figure 2.5). 

Upstream of the existing weir (study site 3, Figure 2.1) the valley floor is relatively broad and 
flat (Figure 5) and supports an understorey of closed grassland which also contains abundant 
ferns. This vegetation type is common further upstream in similar terrain. Again, it is unlikely 
that this vegetation will be affected by dam construction. 

There are small localised occurrences of two vegetation types which are^'of conservation 
significance; these are however, unlikely to be directly affected by the proposed works. Small 
areas of sedgeland, dominated by Carex appressa occur downstream of the disturbed area 
(Figure 2.4). Sedgeland is included in 'montane bog communities' by Frood and Calder (1987) 
who state that these communities "are poorly protected and inadequately known" and that due 
regard should be given to their conservation status. Localised aggregations of Leptospermum 
grandifolium (Figure 2.5) are perhaps referable to riparian thickets but comprise clumps rather 
than extensive riparian vegetation. 

There appears to be little evidence for comparable areas relating to possible effects on riparian 
vegetation due to reduced stream flow as a consequence of dam construction. However, it 
may be reasonably argued that, in this location, any such effects are unlikely to have a major 
influence, depending of course on the magnitude and duration of the reduction in stream 
flows. The occurrence of riparian vegetation is presumably related, to a significant degree, to 
soil moisture, which will be influenced by the contribution to ground water from stream water. 
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Figure 2.2 General view upstream from below quadrat I, which was centered between the 
fallen timber in the foreground and that in the middle distance. The proposed location of the 
dam wall is immediately beyond the distant fallen timber. 

Figure 2.3 View downstream from below qiiadratl. Quadrat 2 was located immediately 
beyond the prominent tree (Lomatia fraseri) at right centre, and extended upslope to the 
right and left of the creek. The prominent greyish tree vegetation on the left bank is 
Leptospermum grandifolium. The shrub vegetation on the slope to the right6 is dominated 
by Polyscias sambucifolia. 
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Figure 2.4 Quadrat 2, western boundary indicated by tape in right foreground. Shrubs on the left slope 
(westerly aspect) are Polyscias sambucifolia. Leptospermum grandifolium in the centre above tree ferns 
(Dicksonia antarctica) and a small area of sedge (Carex appressa) bisected by the tape. The prominent tree 
on the right is Atherosperma moschatum. The edge of the disturbed area on the bend of the road to the north 
of the pump house in the right background. 

Figure 2.5 View downstream from upstream of the existing weir (not visible but approximately lower centre). 
Open grassy area in the foreground with abundant ferns (Polystichum proliferum), and a clump of 
Leptospermum grandifolium on right. Polyscias sambucifolia around the base of Eucalyptus delegatensis 
trees on the left, and dominant shrub in the open scrubland/heathland on the slope (easterly aspect) in the left 
middle distance. 
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There is no evidence available concerning this relationship nor to the extent to which 
streamflow is surplus to the ground water/soil moisture requirements necessary to maintain 
riparian vegetation. In this area, due to the high rainfall, there would be considerable lateral 

input of water to the stream and adjacent soil from runoff and ground water movement from 
bordering slopes. However, this question of the effects of reduced stream flow may be largely 
superfluous, since peak usage of dam water will occur during the wet winter months when 
local precipitation will almost certainly maintain adequate soil moisture. 

2.2.3.2 Flora 

The species recorded in the area, with one possible exception, are widespread in comparable 
areas elsewhere, thus the proposed development will not adversely affect the occurrence or 
distribution of any species. 

Of the approximately 70 species recorded (Table 2.1), only one, Barbarea grayi is listed as 
significant by Gullan et al. (1990). This species is considered to be "vulnerable in Victoria: 
rare, not presently endangered but likely to become so soon due to continued depletion; or 
occurring mainly on sites likely to experience changes in land-use which could threaten the 
survival of the plant in the wild..." B. grayi is mapped as occurring in four 10' grid squares 
approximately centred on Mt Buller, together with five squares further east (Gullan et al., 
1990). The species was locally common on the disturbed area below the northern limit of the 
bend in the road north of the pump house (Figures 2.1 and 2.4), towards the undisturbed 
downstream area. It is unlikely that this area will be flirther disturbed during the proposed 
construction. 

Weed species comprise 17% of the total number of species recorded (Table 2.1), emphasising 
the disturbed nature of the area. However, this frequency was not reflected in abundance of 
plants and most occurrences of weed species were in the disturbed area (quadrat 1), rather 
than undisturbed areas (quadrat 2 and area 3, Figure 2.1). It should be noted that several of 
these species (Agrostis capillaris, Phalaris aquatica and Trifolium repens) were components 
of seed mixes previously used for rehabilitation in alpine areas. 
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2.3 Terrestrial Vertebrates 

2.3.1 Introduction 

For this component of the study the following tasks were required: 
• compile a fauna list for the study site; 
• determine significance at the Local, Regional, State and National level for 

fauna populations; 
• determine and define sites of significance; and 
• identify management options to maintain and enhance fauna values. 

2.3.2 Survey Area 

For the purposes of the vertebrate survey the study area was defined as a corridor 200m either 
side of Boggy Creek stretching from 200 metres upstream of the Boggy 1 pump station to 
500 metres downstream of Boggy 2. This definition includes a considerable area outside the 
sites of proposed extension works because terrestrial vertebrates often have large home 
ranges, and potential effects of the proposed development may extend beyond (particularly 
downstream of) the immediate sites of the proposed extension works. 

2.3.3 Approach 

A variety of methods (see below) were used to identify the terrestrial vertebrate faunal 
conservation values of the study area. 
Essentially, faunal conservation values fall under three broad headings: 

1. Notable populations (includes populations of threatened fauna, large populations of any 
native taxon); 

2. Notable assemblages (includes threatened communities, species-rich assemblages, unusual 
co-occurrences of taxa); and 

3. Wildlife corridors. These values not only pertain to particular sites at particular times, but 
also to adjacent sites which may be affected by changes at the study site, and to the study site 
in the fixture (its potential values). 

In line with recent convention, the Department of Conservation and Natural Resources' 
definitions of threatened fauna (CNR 1993) were used in this study. Although these 
definitions only pertain to Victoria, they provided a useful yardstick to ascertain which species 
are likely to be threatened in other contexts. No other conventions were established for the 
evaluation of other 'notable' features (e.g. the frequency required to render a population 'dense' 
or a co-occurrence 'unusual'). 

Two strategies were used in the collection of information to assess the values detailed above: 
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1. Specific attention to threatened fauna {sensu CNR 1993) known to utilise habitats similar 
to those available in the study area (see below). 

2. Broad spectrum surveys of all habitat types in order to detect (a) other notable populations, 
(b) notable assemblages, (c) wildlife corridor values, and (d) non-targeted populations of 
threatened fauna. 

This approach ensured that a thorough inventory of the terrestrial vertebrate fauna of the 
study area was compiled. This inventory was used as the basis for (1) significance assessments 
of the study area and its fauna (in Section 2.3.7), (2) the identification of potential impacts of 
the proposed works and the development of strategies to ameliorate these potential impacts 
(in Section 2.4) 

2.3.4 Methods 

Field surveys of the fauna of the study area were conducted on 6 and 7 March 1995. All field 
surveys were conducted in accordance with the conditions of Department of Conservation and 
Natural Resources (DCNR) research permit number RP-94-189 (including provision of results 
to the Atlas of Victorian Wildlife, Wildlife Section, DCNR). 

It is important to recognise that, unlike other groups (plants for instance), animals are often 
highly mobile, highly cryptic, or both. As a result, the compilation of a comprehensive 
inventory from field observations alone is extremely time-consuming and inefficient. This 
problem is particularly acute when several site-specific inventories are required, as is the case 
in the present study. In such situations, it is far more efficient to delineate habitat types and 
compile inventories for each of these by applying existing knowledge of the habitat 
requirements of the fauna to key features of the site. Site-specific conclusions can then be 
drawn on the basis of the habitat types at each site. Field studies are most useful, then, when 
targeted to fill gaps in the existing information base and to collect information on the key 
features of habitat types. 

2.3.4.1 Habitat Assessment 

The study area was inspected on foot and all parts of the study area were visually assessed 
(fi-om within 20 metres) for their faunal values. Particular attention was be paid to the 
presence of indigenous vegetation and the level of disturbance thereof since, in general, these 
factors are the major determinants of faunal habitat quality. Examples of other important 
factors include soil type, the prevalence of rocks and logs, the availability of tree hollows, the 
frequency of human interference, and the abundance of introduced predators. At the same 
time, locations within the study area were also assessed for their value as potential sites for 
other survey techniques (see below) and selections of these sites were made on this basis. 

2.3.4.2 Spotlighting 

A modified version of the technique developed by Kavanagh and Peake (1993) was used to 
census nocturnal mammals, birds and amphibians at a site centred about 400 m south of the 
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Boggy 2 site. At this site a period of listening (10 minutes) was followed by tape playback 
(using a Sony Walkman and a Toa ER66 megaphone) of vocalisations of nocturnal birds 
known to occur in habitats similar to those available at the study area (Barking Owl, Sooty 
Owl, Powerflil Owl, Masked Owl: 5 minutes each), in order to elicit territorial or alarm calls in 
response, and then a period of searching the surrounding area on foot, using a hand-held 12V 
spotlight (60 minutes). Owl vocalisations are audible over at least one kilometre when 
broadcast on the Toa ER66, and searching on foot encompasses all of the Boggy 2 area and 
all but the last 200 m of the track to Boggy 1. 

2.3.4.3 Bat Detecting 

While spotlighting and for a short time beforehand (total time 83 minutes), an Anabat2 
portable bat detector and portable tape recorder were used to record the ultrasonic calls of all 
bats detected in the study area. Computer analysis (in the laboratory) of sonagrams 
(frequency-time graphs) of the calls, using the AnabatS system was then employed to identify, 
as far as possible all recorded calls. 

2.3.4.4 Active Searching 

Reptiles, small terrestrial mammals, and some frogs were surveyed on 7 March 1995 by 2 
hours of active searching in an area of about four hectares centred on the Boggy 2 site. The 
search involved the systematic inspection of microhabitats (typically rocks, logs, vegetation 
thickets, and human-generated debris), at times when reptiles are likely to be inactive 
(e.g. during overcast periods), and quiet observation of likely basking sites during sunny 
weather. 

2.3.4.5 Predator Scat Analysis 

This technique was used to detect terrestrial vertebrates (particularly small mammals), some of 
which are often difficult to detect by other techniques (Brunner and Wallis 1986). Any 
predator (usually Fox, Cat and Dog) scats found were collected and the prey remains 
contained therein identified according to the techniques described by Brunner and Wallis 
(1986) and Triggs et al. (1984). 

2.3.4.6 General Observations 

While engaged in the collection of data by other field techniques (as detailed above) and in 
transit to sites, several incidental observations were obtained, both of animals and their signs 
(nests, scats, tracks, etc.). These were recorded when they yielded information additional to 
that provided by other field techniques. 

2.3.4.7 Specialist Consultation, and Literature and Database Searches 

Graeme Gillespie of the Department of Conservation and Natural Resources (DCNR), 
Heidelberg provided valuable information about the amphibians and reptiles of the Mt Buller 
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area and Victoria, in general. Campbell et al. (1992, 1993) provided the only published 
account of the fauna of the Mt Buller area. 

A list of all species recorded in the areas bounded by 37°05'S, 37°10'S, 146°25'E and 146°30'E 
(an area of about 7.5 x 9.5 km, (one 5' x 5' cell), centred about 2 km to the east-north-east of 
Boggy 2), was obtained from the Atlas of Victorian Wildlife, Wildlife Section, DCNR, 
10 January 1995. This data set provided a comprehensive representation of the fauna of the 
habitats found in the study area (as opposed to a data set from a smaller area) but also 
included records from other habitat (especially alpine and lowland habitats), although most of 
these records can be dismissed with knowledge of the habitat requirements of the species 
concerned. 

2.3.4.8 Nomenclature 

The scientific names, common names and systematic orders used here follow: 
Menkhorst (1987) for mammals, except for the use of Vespadelus for Eptesicus (Volleth and 
Tidemann 1991); Christidis and Boles (1994) for birds; and Cogger (1992) for amphibians and 
reptiles (including the use of Bassiana duperreyi and B. platynotum for Pseudemoia duperreyi 
and P. platynotum respectively, and Niveoscincus coventryi and N. metallica for Pseudemoia 
coventryi and P. metallica, respectively (Hutchinson et al. 1990)), except for the recognition 
of Pseudemoia cryodroma, P. pagenstecheri and P. entrecasteauxii (sensu Hutchinson and 
Donnellan 1992). Cogger's (1992) common names are supplemented with common names 
from Green and Osborne (1994) and the Atlas of Victorian Wildlife, Wildlife Section, 
Department of Conservation and Natural Resources (DCNR). 

2.3.4.9 Limitations 

The relatively short period available for field surveys meant that some species were unlikely to 
be recorded, limiting opportunities to add to the existing information base. However, 
relatively few such species are likely to occur in the study area, and the small size of the study 
area enabled a relatively comprehensive survey to be completed. Habitat assessment ensures 
that species which are likely to occur in the study area but are not recorded by other survey 
techniques are considered in subsequent significance and impact assessments. 

2.3.5 Results 

2.3.5.1 Habitat Assessment 

Two habitat types were recognised: 
1. Montane Damp Forest; and 
2. Sub-alpine Woodland. 

The fauna which is likely to occur in each habitat type are listed in Appendix 1. 
Montane Damp Forest was characterised by alpine ash (Eucalyptus delegatensis), the only 
canopy tree in this habitat type. The understorey vegetation of this habitat type was generally 
sparse, particulariy on steeper slopes where the grassy ground stratum (dominated by Poa 
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ensiformis) gave a 'park-like' appearance to the forest. In less steep areas and near drainage 
lines, understorey vegetation was better developed. Tall shrubs included mountain hickory 
wattle (Acacia obliquinervia), and several dense patches of mountain tea-tree (Leptospermum 
grandifolium) along Boggy Creek. Patches of small shrubs contained many species, but alpine 
oxylobium (Oxylobium alpestre) was the most common species. The study area appeared to 
have been burnt about 50 years ago (probably in the 1939 'Black Friday' fires), so 
'old-growth' elements such as trees with large hollows and large fallen logs were relatively 
scarce. That is, the forest was typical of much of the alpine ash country in Victoria. 
As defined in the present study. Montane Damp Forest includes both the Montane Damp 
Forest and Montane Riparian Thicket habitat types of Campbell et al. (1993). Montane Damp 
Forest was found throughout the study area below about 1430 metres elevation; that is, from 
the lowest reaches of the study area to within about 200 metres fi-om Boggy 1 along the track 
to Boggy 2. 

Sub-alpine Woodland was characterised by snow gum (Eucalyptus pauciflora), the only 
canopy tree in this habitat type. Like the Montane Damp Forest, Sub-alpine Woodland in the 
study area appeared to have been burnt in 1939 and so there were very few large trees. Where 
large trees did occur, the understorey was sparse and the ground stratum grassy. In some 
areas, snow gums and understorey vegetation had been cleared and the only vegetation in 
these areas was grassy (exotic and native). Otherwise the understorey was dense and 
dominated by alpine oxylobium. The Sub-alpine Woodland in the study area is very similar to 
most of the expansive areas of this habitat in Victoria. 

As defined in the present study. Sub-alpine Woodland is identical to the Sub-alpine Woodland 
habitat type of Campbell et al (1992). Sub-alpine Woodland was found throughout the study 
area above about 1430 metres elevation. 

2.3.5.2 Spotlighting 

The results of spotlighting are presented in Table 2.2. 

2.3.5.3 Bat Detecting 

The results of bat detecting are presented in Table 2.3. The taxonomy ( classification) of the 
Mormopterus planiceps is currently uiu-esolved, but the 'Little Mastiff-bats' at Mt Buller are 
likely to be those that are currently known as the 'eastern short penis species'. At least five 
species of bats were recorded flying over the existing Boggy 2 dam, and one bat was regularly 
detected around the water supply facilities at Boggy 1. 

2.3.5.4 Active Searching 

Three Mountain Log Skinks Pseudemoia entrecasteauxii, three Southern Water Skinks 
Eulamprus tympanum, and one Spencer's Skink Pseudemoia spenceri were recorded by 
active searching. 
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Table 2.2. Results of Spotlighting, Boggy Creek Study Area, Mt Buller, March 1995. 
For each species, data are the number of individuals recorded per km.h 
(distance walked (km) x time spent (hrs)) at each site; the numbers in brackets are the numbers 
of individuals actually recorded. 

Species Number 

Common Wombat Vombatus ursinus 0.51(1) 
Common Ringtail Possum Pseudocheirusperegrinus 0.51(1) 
Mountain Brushtail Possum Trichosunis caninus 0.51(1) 
White-striped Mastiff-bat Tadarida australis 1.03(2) 
Other insectivorous bats 2.56 (5) 
Victorian Smooth Froglet Geocrinia victoriana 4.61(9) 
Number of Species 5+ 

Table 2.3. Results of Bat Detecting, Boggy Creek Study Area, Mt Buller, March 1995. 
Census duration: 83 minutes. The number of passes refers to the number of times that a bat of 
that species was recorded passing the bat detector; it is a measure of activity. 

No. of Min. no. Species Identified 
Bat Passes individuals 
2 1 White-striped Mastiff-bat Tadarida australis 
1 1 probable Little Mastiff-bat Mormopterus planiceps group 
2 1 possible Lesser Long-eared Bat Nyctophilus geoffroyi 
2 2 Chocolate Wattled Bat Chalinolobus morio 
5 3 Gould's Wattled Bat Chalinolobus gouldii 
2 1 probable Eastern Broad-nosed Bat Scotorepens orion 
1 1 Great Pipistrelle Falsistrellus tasmaniensis 
1 1 Southern Forest Bat Vespadelus regulus 
2 1 probable Southern Forest Bat Vespadelus regulus 
5 3 Large Forest Bat Vespadelus darlingtoni 
1 1 probable Large Forest Bat Vespadelus darlingtoni 

2.3.5.5 Predator Scat Analysis 

No predator scats were found. 

2.3.5.6 General Observations 

The results of general observations are presented in Appendix 1. All species recorded by 
general observations are relatively common throughout the Alpine Ash and/or Snow Gum 
country of Victoria (pers. obs.). 
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2.3.5.7 Specialist Consultation, and Literature and Database Searches 

The Atlas of Victorian Wildlife 1 x 5' list contained records of 123 vertebrate taxa, the details 
of which are summarised in Appendix 1. All amphibian records on the 5'list were made 
between 1960 and 1980, and some reptiles were last recorded in the 1960s. All other species 
were most recently recorded between 1988 and 1993, and most of these records were made by 
Campbell etal. (1992, 1993). The following notes supplement Appendix 1. 

Amphibians 
Spotted Tree Frog Litoria spenceri 
There is one record of this species on the Atlas of Victorian Wildlife 5' list. The record is from 
Sheepyard Flat in 1963. This species has not been recorded above 1100 metres elevation, and 
was not recorded in the Delatite catchment during recent, albeit brief searches (Graeme 
Gillespie, DCNR, pers. comm.). It is unlikely to occur in the study area, but may occur in 
lower reaches of Boggy Creek and along the Delatite River downstream of its confluence with 
Boggy Creek. 

Reptiles 
Water Skinks Eulamprus spp 
At the time that records of water skinks were made at Mt Buller, the taxonomy 
( classification) of this group was unclear, and the records appear on the Atlas of Victorian 
Wildlife list under two names ('Southern Water Skink Group' and 'Southern Water Skink 
CTF'). It is now known that Eulamprus tympanum is the only species in this complex which 
occurs in sub-alpine Victoria, and so in the present study, all records of water skinks are 
considered to refer to E. tympanum. 

Grass Skinks Pseudemoia entrecasteauxii group 
The taxonomy of this group has only recently been resolved (see Section 2.3.4.8 
Nomenclature), and the 13 Atlas of Victorian Wildlife records of 'Pseudemoia 
entrecasteauxii' may refer to any one or any combination of the three species into which 
'P. entrecasteauxiV was split, viz: P. cryodroma, P. entrecasteauxii, and P. pagenstecheri. 
The last two species are likely to occur at Mt Buller (see Habitat Assessment in Appendix 1), 
and P. cryodroma may occur at Mt Buller, but not in habitats found in the study area. Thus 
the species to which these records pertain remain unclear. 

2.3.6 Discussion 

The results of this study (including literature and database searches) largely confirm the main 
prediction of habitat assessment, viz: that the study area provides fauna habitat that is similar 
to much of the habitat found throughout the alpine ash and/or snow gum country of Victoria, 
and so the fauna of the study area is likely to be largely composed of widespread and relatively 
common species. 

The only unusual result was the diversity (number of individuals and number of species) of 
bats that were recorded by bat detecting. This technique has been developed only recently and 
very little bat detecting has been done in the Australian high country. Bat detecting is much 
more likely to record species which generally fly above the canopy (e.g. Little Mastiff-bat and 
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Eastern Broad-nosed Bat), than more traditional methods which rely on trapping. Even 
allowing for the greater efficiency of bat detecting relative to more traditional methods, 
though, the diversity of bats (and particularly the number of species) is surprisingly high. 
However, it is difficult to interpret the ecological significance of this result because bats may 
fly great distances (up to several kilometres) when foraging and there is often considerable 
variation in bat activity as a result of weather conditions and time of year (for instance), and 
other factors which are currently not known. 

2.5.7 Significance 

2.3.7.1 Criteria for Determining Significance 

The following geographical units were used in the assessment of significance: 
Local: Shire of Delatite. 
Regional: Eastern Highlands Region as defined by Conn (1993). 
State: Victoria. 

2.3.7.2 Taxa 

Taxa (singular: taxon) are the categories into which plants and animals are classified (e.g. 
family, species or subspecies) or specific examples of these categories (e.g. Canis familiaris 
dingo, the subspecies of dog which is found wild in Australia). The following criteria have 
been applied in the present study to determine the significance of faunal species: 

Local: All indigenous fauna is considered significant at a local level, because of the overall 
decline in the fauna since European settlement, and the continued incremental loss of habitat 
and reduction in abundance due to development. 

Regional: A taxon is considered significant at a regional level i f it has a disjunct distribution, it 
has an unusual ecological occurrence, or extraordinary concentrations such as colonial nesting, 
roosting or feeding sites, or i f it is substantially depleted or restricted in the region. 

State: A taxon is considered significant at a state level i f it is listed as vulnerable, rare or 
insufficiently known in Victoria (CNR 1993), or i f it is listed under Schedule 2 of the 
Victorian Flora and Fauna Guarantee Act 1988. 

National: A taxon is considered significant at a national level i f it is listed under Schedule 1 
(endangered, vulnerable, or presumed extinct) of the Commonwealth Endangered Species 
Protection Act 1992 or as endangered or vulnerable by, Gamett (1993), or Kennedy (1992) or 
i f it is listed as endangered in Victoria (CNR 1993). Theoretically, nationally significant taxa 
which are endemic to Australia are of International significance, although this distinction is 
rarely made and will not be made in the present study. 

The official Intemational Union for the Conservation of Nature and Natural Resources 
(lUCN) definitions for 'extinct', 'critical', 'endangered', 'vulnerable', 'rare' and 'insufficiently 
known' (Mace and Lande 1991) have been used throughout the present report. 
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2.3.7.3 Sites 

The criteria used here for determining the zoological significance of sites are generally based 
on the criteria established by Schulz et al. (1991) and Beardsell et al (in prep.) for their sites 
of faunal significance studies in the greater Melbourne area. These criteria have been adapted 
for the present study to incorporate limiting factors associated with small-scale fauna surveys 
and environmental impact assessment studies. In such studies, study areas are frequently 
small, and fauna surveys are usually brief and seldom allow repeated observations over time or 
surveying over seasons to enable recording of breeding and seasonal migrants. Consequently, 
they may fail to record rare, transient or cryptic species. 

Local Significance 
A site is designated as being of Local significance if: 

1. It has moderate to high potential for serving as a habitat link between two sites of 
Regional significance or as a link to suburban areas to enable native species to disperse into 
such areas; or 

2. It has moderate potential for rehabilitation and management for the public 
appreciation of faunal values. 

Regional Significance 
A site is designated as being of Regional significance i f 

1. It supports taxa classified as 'notable' under the provisions of the Victorian Wildlife 
Act 1975; 

2. It supports taxa that are classified as uncommon and restricted in the region; 
3. It contains a disjunct population, unusual ecological occurrence or extraordinary 

concentration in a regional context of a naturally restricted (e.g. colonial 
nesting, roosting or feeding) or substantially depleted or restricted taxon in the 
region; 

4. It supports a high level of species richness in the region. The number of species 
required to fulfil this criterion will vary depending on the size, scope and 
season of the survey. Schulz et al (1991) and Beardsell et al (in prep.) used 2' 
latitude by 2' longitude blocks with a six year survey period. Their species 
richness criteria required 7 to 21 native mammal species, 50 to 100 native bird 
species, or 8 to 24 species of native frogs and reptiles; or 

5. It contains a partial habitat link between two sites of state faunal significance, or a 
regional and state site, or a primary habitat link between two sites of regional 
significance, or between a site of state significance and large urban areas. 

State Significance 
A site is designated as being of State significance i f 

1. It contains a population of a taxon listed under the Flora and Fauna Guarantee Act 
1988; 

2. It contains taxa listed as endangered in Victoria (CNR 1993) that visit the site 
sporadically, and are not recorded breeding at the site; 

3. It contains taxa listed as vulnerable in Victoria (CNR 1993). For birds, this only 
includes records of breeding or a single sighting of a large population or 
repeated sightings of individuals in natural habitat; 
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4. It contains a population of a taxon listed as rare or insufficiently known in Victoria 
(CNR 1993), or four or more species of international migratory waders, or a 
roosting colony of cave-dwelling bats, or more than 1,000 waterfowl; 

5. It supports a very high level of species richness in the region. Schulz et al. (1991) 
and Beardsell et al (in prep.) specified 22 or more native mammal species, 110 
to 150 native bird species, or 25 or more species of native frogs and reptiles for 
2' latitude by 2' longitude blocks surveyed over six years. The number of 
species required to fulfil this criterion will vary depending on the size, scope 
and season of the survey, and a knowledge of the fauna of the region. 

6. It supports 5% or more of the Victorian population, or an extraordinary 
concentration in a state context of a native mammal, reptile or frog taxon; 

7. It contains an intact primary habitat link containing comparable habitat attributes to 
two connecting sites or series of sites of state or higher faunal significance; or 

8. It has high scientific significance, e.g. forms a study site, or it has biogeographical 
significance in the region. 

National Significance 
A site is designated as being of National significance i f 

1. It contains a population of a taxon listed as endangered under Schedule 1 of the 
CommoimQakh Endangered Species Protection Act 1992, or by, Gamett 
(1993), Kennedy (1992), or by CNR (1993) for Victoria; or 

2. It contains a large population (exceeding 5% of the total known population) of a 
taxon listed as vulnerable under Schedule 1 of the Commonwealth Endangered 
Species Protection Act 1992, by Kennedy (1992), or Gamett (1993). 

2.3.8 Significant Taxa 

No faunal taxa of Regional or higher significance are likely to occur in the study area. All 
native fauna in the study area are of Local significance, and several species are of High Local 
significance: 
Greater Glider Petauroides volans 
Great Pipistrelle Falsistrellus tasmaniensis 
Collared Sparrowhawk Accipiter cirrhocephalus 
Wedge-tailed Eagle Aquilaaudax 
Australian King Parrot Alisterus scapularis 
Pilotbird Pycnoptilusfloccosus 
Noisy Friarbird Philemon corniculatus 
Olive Whistler Pachycephala olivacea 
Brown Toadlet Pseudophyme bihronii 
Spencer's Skink Pseudemoia spenceri 
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2.3.9 Sites of Significance 
Two habitat types would be classified as having high local significance: 

Montane Damp Forest up to 1430 m (which includes the Boggy 2 site ). This site is known or 
expected to have populations of the following species of High Local significance: Greater 
Glider, Great Pipistrelle, Collared Sparrowhawk, Wedge-tailed Eagle, Australian King-Parrot, 
Metallic Skink, Spencer's Skink, Brown Toadlet. 

Sub-alpine Woodland above 1430 m (which includes the Boggy 1 site). This site is known or 
expected to have populations of the following species of High Local significance: 
Wedge-tailed Eagle, Pilotbird, Noisy Friarbird, Olive Whistler. 

2.4 Potential Impacts and Amelioration 

Potential impacts can be separated into two categories; direct impacts at the 
construction/inundation site and indirect impacts which could occur downstream due to 
alterations in stream discharge. 

2.4.1 Direct Impacts 

Potential direct impacts of the proposal will be limited to loss of habitat as a result of the 
inundation of a larger area for the expansion of the reservoir, and clearing for the construction 
of associated structures such as upgraded pumping facilities. As noted previously the total 
area which would be affected would be between 2 and 3 ha. Much of this area (approx. 1 ha) 
has already been severely disturbed, apparently during the development of existing water 
supply facilities. This disturbance has involved clearing of canopy trees (alpine ash), some 
clearing of undergrowth, and the construction of vehicle tracks, and has facilitated the invasion 
of weedy plants, noted previously. Within the inundation area all terrestrial plant species, 
terrestrial vertebrates and their habitats would be eliminated. 

The vegetation survey indicates that the proposed development is not likely, to significantly 
affect the occurrence or distribution of any vegetation type or plant species. 

Cleared and uncleared parts of the study area provide suitable habitat for many terrestrial 
vertebrates (including all Montane Damp Forest species of High Local significance: see 
Table 3). However, the loss of this area of habitat is unlikely to have significant effects on 
populations of any species in the Boggy 2 area. Any expansion of facilities at Boggy 1 would 
involve considerably less habitat loss than the proposed activities at Boggy 2, and so is even 
less likely to have significant adverse effects on populations of terrestrial vertebrates in that 
area. 

To ameliorate these impacts the area to be affected should be minimised. That is, all facilities 
should be designed so that they occupy the smallest area, and where possible, are located 
within existing disturbed areas. Unless necessary for safety purposes, there should be no 
fiirther felling of alpine ash trees. Windrows of fallen timber on the disturbed area should be 
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burnt or otherwise removed, to assist site rehabilitation and improve fire safety and visual 
appeal of the site. All works impact should be excluded fi-om the area upstream of the 
reservoir catchment to maximise the beneficial contribution of this area to water quality in the 
storage downstream. Topsoil should be stripped and stockpiled for later spreading for site 
rehabilitation and, to the maximum extent possible, only native local species should be used in 
site rehabilitation. 

2.4.2 Indirect Impacts 

Potential indirect impacts of the proposed extension to water supply facilities are likely to be 
limited to changes in water quality and in hydrological regime downstream of Boggy 1 and, in 
particular, downstream of Boggy 2. The construction phase of the proposed extension is 
likely to be short (less than two months), and so the effects of visual and noise disturbance to 
fauna surrounding the construction sites are likely to be short term. 

I f changes in water quality reduce the production of aquatic invertebrates this could reduce 
food availability to terrestrial insectivores. Furthermore i f the Spotted Tree Frog occurs in the 
creek it may be deleteriously affected by any decrease in water quality or sedimentation. 
These issues are discussed in more detail in Chapter 3. 

Changes in hydrological regime (discussed in more detail in Chapter 6) have the potential to 
adversely impact plants and terrestrial vertebrates in the riparian zone for up to several 
kilometres downstream of Boggy 2. The extent to which this change would effect the biota is 
not possible to predict. To reduce these potential impacts water diversion from the creek 
should be minimised. 
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3. Aquatic Biota 
3.1 Introduction 
Two components of the aquatic biota were surveyed for: inveretrbates and fish. Invertebrates 
were sampled just in Boggy Creek, while both Boggy and Chalet Creek were surveyed for 
fish. 

3.2 Invertebrate Surveys 

Invertebrate surveys were carried out twice, in January and March 1995. On both occasions 
three sites were sampled and light trapping was also conducted at the Boggy 2 site. Some 
insects were returned to the laboratory for rearing, and field searching was conducted, 
especially in March, for adults of the stoneflies Riekoperla and Thaumatoperla. 

3.2.1 Sampling Site Descriptions 

Site 1. Site above the existing water supply dam. Stream channel formed from granite 
boulders, cobbles and sand. At sampling times channel width l-2m, maximum depth 20cm, 
sampling site about 2m above water level of existing dam. Stream fringed with Leptospermum 
grandifolium. Water temperature 9.0°C at 11.20 am in January, 11.0°C in March. 

Site 2. Site below the existing water supply dam, and below the old landslide. Channel about 
2-3 m wide stepped form consisting of granite boulders, rocks and gravel, depth less than 
40cm. Channel contains some mineral debris presumably the effects of the landslide and 
possibly reservoir construction. Fringing vegetation of Leptospermum and alpine ash. Water 
temperature 11.7°C in March. 

Site 3. Site above the summit road at Whites Bridge. Stream channel consisting of granite 
steps up to 5m high. Channel width 2.5-3m wide, depth up to 50cm but mostly < 10cm. 
Water temperature 10.3°C in January, 12.4°C in March. 

3.2.2 Sampling Methods 

SampUng was conducted on two occasions. The first on January 7th and 8th and the second 
on March 11th and 12th. The first sampling was timed to take place while larvae of 
Riekoperla isosceles are still present in streams, since this species appears to emerge in 
mid-summer, presumably so that larvae are not present when the small trickles in which they 
occur dry up in late summer. The second sampling was timed to coincide with the emergence 
of Thaumatoperla flaveola since this would be the most likely time to encounter larvae of this 
species in the stream. 

Two types of samples were collected. Five surber samples were collected from each site on 
each occasion, and 3 drift samples. The surber sampler collected from and area of 625cm^, 
and was equipped with a 300|im mesh net. The drift nets had an orifice 25 cm x 10 cm and 
were 2 m long with 300 ^m mesh. Drift nets were placed in position between 5.00 pm and 
6.00 pm and collected the following morning between 8.00 am and 11.00 am. Thus the drift 
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sampling incorporated both the dusk and pre-dawn maxima. All samples were preserved in 
the field with 70% ethanol and returned to the laboratory where invertebrates were picked 
under a stereomicroscope and then identified. 

In addition to the formal sampling considerable effort was expended searching for aquatic 
invertebrate species of known conservation significance which could occur in the area, notably 
the flatworm Spathula tryssa and the stonefly Riekoperla isosceles. Less effort was put into 
searching for Thaumatoperla flaveola becuase the species is well known to occur in the 
stream, has been recorded at sites both above and below the proposed works site, and 
therefore must be assumed to occur throughout the stretch of stream which would be affected 
by any works. 

Results were analysed by ANOVA of log transformed data to compare differences in number 
of taxa between sites, months and sampling methods with the SYSTAT computer package. 
Cluster analyses were also carried out on log transformed data using the MVSP computer 
package. 

3.2.3 Results 

Boggy Creek at present contains an extremely rich invertebrate fauna. A total of over 90 taxa 
were recorded from the three sites. The numbers of taxa collected in drift samples were 
significantly greater (p < 0.05) than in surber samples from the same sites, which is largely a 
reflection of the larger number of invertebrates in these samples (Appendix 2). The mean 
number of invertebrates per drift sample was 385 while that for surber samples was 198. 
Within the drift samples there were significantly more species collected at White Bridge than 
at the other two sites (p = 0.023), although the same pattern was not found in the surber 
samples. 

Cluster analyses were performed on log transformed and untransformed data using several 
different similarity measures and clustering algorithms but always produced a highly chained 
output which was not useful for interpretation. 

A single larva of Thaumatoperla, presumably T. flaveola, was collected in the drift samples at 
the lowest site. The species is known to be present and abundant in Boggy Creek because of 
the adults apparent during the emergence period particularly at the pumphouse at Boggy 1. 
Three adults were present at this locality during the sampling period in March. However 
larvae have rarely been collected from the stream. In the vicinity of the pumphouse this is 
probably due to the nature of the substrate which makes sampling difficult. T. flaveola had 
been collected at White Bridge previously by Bums and Neboiss (Bums and Neboiss 1957, 
Neboiss 1959), although there had been no records at that locality since their collections. This 
collection indicates that the species still occurs there and presumably along the entire length of 
the stream upstream of White Bridge and possibly some distance below it. 

3.2.4 Discussion 

None of the other aquatic invertebrates of conservation significance known from Mt Buller 
was encountered either in the samples taken or during the searches conducted although both 
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Spathula tryssa and Riekoperla isosceles were observed to be present in small trickles near the 
summit on one or both sampling occasions. 

Previous sampling in Boggy Creek (Campbell et al 1993) was conducted at the site of Boggy 
1, a considerable distance upstream from the present study. At that site the stream bed 
consisted of large boulders which impeded sampling, and Campbell et a/.(1993) noted that the 
low species richness found for Boggy Creek in that study mostly reflected this sampling 
difficulty. Species richness also tends to increase downstream in small alpine creeks, with the 
very small headwaters relatively species poor. These results confirm those conclusions of the 
previous study. Based on these samples it would appear that Boggy Creek, in reaches which 
are of similar size to those sampled on Chalet Creek in the previous survey, is considerably 
richer in species than Chalet Creek. There are a number of possible reasons for this, one may 
be the differences in the bed form of the two streams, with Boggy Creek having a generally 
less compacted bed which would allow more living space for invertebrates. A second reason 
may be the lower level of human disturbance to which Boggy Creek has been subjected. The 
catchment does not receive significant drainage from intensely utilised areas on the mountain, 
less of the catchment has been cleared, and the stream has not been subject to a debris slide of 
the scale of that which affected Chalet Creek in 1983. 

Thaumatoperla flaveola, a stonefly listed under the FFG Act was already known to occur in 
Boggy Creek and its tributaries, with the Boggy 1 site noted for the occurrence of adult 
stoneflies although larvae have rarely been collected at that site. White Bridge is the type 
locality of T. flaveola. Bums and Neboiss (1957) noted the locality as "The Waterfall, Mt 
Buller road" and Neboiss (1959) described the site as "White falls, Mt Buller". Pettigrove 
(1991) indicated that the Bums and Neboiss material was collected at Chalet Creek, but this is 
inconsistent with the published site names and the description - since there is no waterfall 
where Chalet Creek crosses the summit road. The type locality of a species is the locality from 
which the speciemens were collected by which it was first described and named. 

The presence of Thaumatoperla from the headwater tributaries to White Bridge indicates that 
the entire stream section is Thaumatoperla habitat, and given the abundance of aduhs which 
occur annually at Boggy 1, it must assumed to be good Thaumatoperla habitat, and the fact 
that it encompasses the type locality gives this stream section particular significance. 

Given the greater species diversity of the Boggy Creek aquatic invertebratfe fauna, and the 
known abundance and type locality of Thaumatoperla flaveola in the stream compared with 
the sparser records of the same species in Chalet Creek, it is evident that, in terms of aquatic 
habitat. Boggy Creek has substantially greater conservation significance than Chalet Creek. 

3.3 Fish Survey 

3.3.1 Introduction 

Dam construction in the upper reaches of streams such as Boggy Creek could potentially 
affect fish populations a considerable distance downstream of the area of proposed works, due 
to changes in instream flows and sedimentation. There has been considerable work to indicate 
that fish do exist in small alpine headwater streams (Raadik, 1993; Shirley, 1991; Victorian 
Fish Data Base D.C.N.R.), and consequently surveys were required to ascertain which, i f any. 
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species were present in Boggy Creek. In particular the endangered native galaxiid, Galaxias 
fuscus, has a distribution limited to the headwater streams of the Goulbum River system above 
400m in altitude (Raadik, 1993; Victorian Fish Data Base D.C.N.R.) and has been found on 
Mt. Stirling close to Mt. Buller. However no fish surveys are known to have been conducted 
on either Boggy or Chalet Creeks, so that, although no fish had ever been noted as a resuU of 
stream invertebrate studies, a fish survey was felt to be necessary. 

3.3.2 Study Sites 

The field work was undertaken from the 10th to the 12th of March 1995 during relatively low 
autumn flows which would maximis potential fish capture rates. F our sites on Boggy Creek 
were surveyed and one on Chalet Creek. 

3.3.2.1 Boggv Creek 

Site 1 : At the upper water diversion weir (Boggy 1). The stream at this site is very small with 
the channel generally less than 0.5m wide, with very few pools. There were several pools 
behind the small water extraction weirs. 

Site 2 : Immediately below the lower weir (Boggy 2). The stream was mainly large cascades, 
separating small pools. 

Site 3 : In the Boggy 2 water extraction weir. The weir has a surface area of 280m^, with a 
maximum depth of 2.0m. 

Site 4 : Above White Bridge where Boggy Creek crosses the summit road. 

3.3.2.2 Chalet Creek 

Site 5 : Upstream of the summit road bridge. 

3.3.3 Methods 

Several techniques were used (Table 3.1) including, electrofishing, bait traps, fyke nets, dip 
nets and observations. All electrofishing was performed using a Smith Root Model 12 
Backpack electrofisher. About 200m of stream were sampled at each site. At Site 3 (the 
weir) the margins of the weir were electrofished from a small punt. 

The bait traps are small rectangular traps (400mm x 200mm x 200mm) with two conical 
entrances at each end. Bait traps were set late in the aftemoon and then collected the 
following morning. Traps were set unbailed, this technique has been proven to be effective in 
collecting a wide range of native and exotic species in lentic and lotic habitats previously (M. 
Shirley, unpublished data; S. Balcombe, unpublished data). 
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Fyke nets were used only at Site 3. Three 8 hoop nets were set in the weir, perpendicular to 
the bank. 

Data on previous fish samples of the region were also obtained fi-om the Victorian Fish 
Database, managed by the Freshwater Ecology Section Arthur Rylah Institute for 
Environmental Research of the Department of Conservation and Natural Resources. Other 
fish distribution data was obtained fi-om relevant references. 

Table 3.1 Details of techniques used for the fish survey 

S I T E D A I E METHOD S E T C O L L E C T E D 
3 11/3/95 Electrofishing - -
3 11/3/95 3 Fykes 1400 11/3/95 1030 12/3/95 
3 11/3/95 6 Traps 1400 11/3/95 1030 12/3/95 
2 11/3/95 Electrofishing - -
4 11/3/95 Electrofishing - -
1 11/3/95 6 Traps 1800 11/3/95 1100 12/3/95 
5 12/3/95 Electrofishing - -
3.3.4 Results 
No fish, freshwater crayfish (Euastacus spp.) or yabbies (Cherax spp.) were found at any of 
the sites. The Victorian Fish Database also has no record of any fish species found in either 
Boggy Creek or Chalet Creek. 

3.3.5 Discussion 

This study has found that there is a large section of Boggy Creek from the headwaters down 
to at least the Mt. Buller Road, approximately 2km, which has no instream fish population. 
Similarly it appears that no fish populations exist within Chalet Creek above the summit road. 
Both Boggy and Chalet Creeks drain in to the upper reaches of the Delatite River, which is 
known to contain large populations of brown trout, Salmo trutta (Tunbridge & Rogan, 1981 ; 
Victorian Fish Database), and two-spined blackfish Gadopsis bispinosis in the Merrijig region 
(Victorian Fish Database). Several other fish species, known from high altitude streams, have 
ranges which encompass or extend near Mt Buller. These include the mountain galaxiid , 
Galaxias olidus, variants of which in headwater streams of the alpine region at altitudes of up 
to 1800m (Fletcher, 1979; McDowall & Frankenberg, 1981). 

The endangered barred galaxiid, Galaxias fuscus (ANZEEC, 1991; Raadik, 1993, Shirley, 
1991) is endemic to the alpine regions of Victoria and its current distribution is limited to the 
headwaters of small streams in the alpine areas (Raadik, 1993; Shiriey, 1991). One of the few 
substantial populations of G. fuscus is found in the headwaters of Stanley Creek on Mt. 
Stiriing (Raadik, 1993; Victorian Fish Database D.C.N.R.) a headwater stream of the Howqua 
River which drains the southern side of Mt. Buller. But although G. fuscus is found in the Mt. 
Buller - Mt. Stirling region, there are no records from the headwaters of the Delatite River 
which is the only catchment which would be directly affected by this development (Victorian 
Fish Database D.C.N.R.). Because of the highly fragmented nature of the distribution of G. 
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fuscus they are now generally only found in very small headwater streams. They appear to be 
absent from the Boggy Creek drainage, although the potential exists for them to be found in 
other small unsurveyed streams in the region. But any the proposed development in Boggy 
Creek would not be detrimental to any currently known G. fuscus populations of the region. 

3.4 Impacts on Aquatic Biota and Amelioration 

The proposal will have impacts at the site of reservoir construction and downstream. 

5.4.1 Impacts at Reservoir Site 

At the reservoir site the change from a flowing water environment to a standing water 
environment will cause a major alteration to the biota at the site. A number of the stream 
species are known to readily survive in standing waters, for example the mayfly Ameletoides 
lacusalbinae, the caddisfly Archaeophylax and the stonefly Eusthenia venosa are all known 
from standing waters as well as streams, and can be expected to survive and flourish in the 
reservoir as long as it is fish free. However may other species, such as the mayfly 
Coloburiscoides sp., and larval blackflies (Simuliidae) cannot survive in standing waters an so 
will be eliminated. As a result there will be a dramatic change in invertebrate community 
composition at the site. 

3.4.2 Downstream Impacts 

Downstream impacts may result either from changes in water quality or hydrological change. 
Possible impacts due to water quality changes are discussed in this section, while those due to 
hydrological change are discussed in section 4. The two most significant water quality 
changes are likely to be from increased sediment delivered to the channel particularly during 
the construction period and shortly after, and from changes to water temperature as a result of 
the reservoir. 

3.4.2.1 Sedimentation 

There is no accurate long-term record of sediment transport in Boggy Creek or nearby 
streams. The observed nature of the bed morphology and deposited material clearly indicates 
that sand and gravel is regularly transported in Boggy Creek. Cobbles would also move, but 
less frequently and at lower rates. Streams draining undisturbed catchments also naturally 
transport material in suspension, although this process is usually only significant during storm 
event runoff (for example, see Olive and Rieger, 1985). 

Fine silt and clay sized material requires very httle turbulence and velocity to remain in 
suspension, and therefore, once it is entrained in storm flow, it is quickly removed from the 
catchment. Catchment disturbance may increase stream suspended sediment loads and this can 
impact detrimentally on the instream biotic community. Also, pollutants are preferentially 
adsorbed onto fine particles. However, in terms of fine suspended sediment, a small headwater 
dam will trap only the small quantity that settles from the volume of tranquil water left in the 
dam at the conclusion of a storm event. The only feasible strategy for deaUng with suspended 
sediment problems is to stabilise source areas. Boggy Creek catchment is relatively 
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undisturbed, but unsealed roads are potential source areas and they should be managed with 
this in mind. The ARC is conscious of the need to control erosion at the site of any 
development that involves exposure of the soil surface for any length of time. 

Construction of Grimus Triple Chair in the Boggy Creek catchment in the late 1970s involved 
extensive drainage and earth works. Two offtake weirs were constructed at the site known as 
Boggy 1 in 1981 to divert water from Boggy Creek to the Village. Mr Greg Gleich (ARC, 
pers. comm., 1993) reported that the weirs have always tended to accumulate sand and gravel, 
and they are regularly cleaned of sediment. The rate of accumulation of material in Weir No. 2 
is estimated at 1-2 x 10'̂  m^ ha' y"' (Mr Greg Gleich, ARC, pers. comm., 1993). This should 
be regarded as a conservative estimate of the total bedload transport rate because the sediment 
trap efficiency of the weir is unknown. The volume of material accumulating in Weir No. 1 
increased markedly in 1990, at the same time that "craters" up to 3 m deep and 4-5 m diameter 
were noticed in the lower Grimus Chair and Boggy Creek T-bar areas. In 1991, around 3 m^ 
of sand and gravel was removed from the storage tank, and a fiirther 1-2 m^ from Weir No. 1. 
This accelerated rate of bedload transport was attributed to failure of the drainage works, and 
the problem was corrected in the summer of 1991/92. 

There are very few quantitative bedload transport data available for Australian headwater 
streams. Bedload transport rates estimated from periodic measurements of material trapped in 
the N.S.W. Forestry Commission's YambuUa Research Catchment weirs averaged 4 x 10'̂  m^ 
ha' y ' (Mr J Dawson, Currumbene Hydrological Consultants, pers. comm., 1993). Bedload 
transport rates measured in the Soil Conservation Authority Reefton Experimental Research 
Catchments averaged 4 x 10"̂  m^ ha"' y ' (Wu et al., 1984). The mean volume of bedload 
sediment removed from a weir on Bluff Creek, Mt Stirling was 1.3 x 10"̂  m^ ha"' ' l (Allison 
and Grayson, 1994). 

For a catchment the size of Boggy Creek at the proposed dam site (145 ha), the above 
Yambulla, Reefton and Mt Stirling bedload transport rates translate to means of 0.6 m^ y ' , 6 
m^ y"' and 2 m^ y ' respectively. For the highest transport rate, a 50 M L capacity dam will 
lose only 1.2% of its capacity in 100 years. These data suggest that in-filling of the dam with 
sand and gravel transported from the catchment will not be a problem. 

Preventing the natural transport of bedload in Boggy Creek by construction of a dam could 
have unpredictable geomorphological and ecological consequences for the channel 
downstream. Sediment starved channels have been known to incise (for example, Rasid, 1979; 
Galay, 1983; Germanoski and Ritter, 1988), and this could alter the quantity and quality of 
habitat available. To maintain normal geomorphic processes, it is recommended that i f 
possible, the dam be designed so as to allow uninterrupted transport of bedload to the channel 
below. 

Dam construction involves unavoidable disturbance of the soil surface, thereby creating a 
potential sediment source area. Numerous papers have documented the impact of dam 
construction on sediment transport and macroinvertebrate communities downstream 
(Coleman, 1978; Blyth, 1980, Davey et al., 1987; Blyth et al., 1984; Chessman et al., 1987; 
Doeg et al., 1987; Marchant, 1987; Boon , 1988; Marchant, 1989). The published material 
deals with storages two to five orders of magnitude larger than that proposed for Mt Buller, 
but similar processes can be expected to operate regardless of scale. Disturbance of the steep 
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terrain around the proposed dam site should be approached with caution in order to minimise 
sediment release. 

The most common short-term response of stream invertebrates to dam construction is an 
apparent change in the relative abundances of taxa in response to increased sediment loads. 
Filterfeeding taxa generally decrease in abundance as suspended sediment interferes with their 
feeding mechanisms. Other taxa able to utilize the algae growing on the deposited fine 
sediment increase in density. This impact can be minimised by taking appropriate erosion 
control measures. For example, only light sedimentation was apparent on the Tanjil River after 
construction of Blue Rock Dam, and little change in the benthic community was observed 
(Chessman et al, 1987). In the Thomson River, the macroinvertebrate species richness 
essentially recovered within ten years of dam construction (Marchant, 1989). However, there 
was evidence that the sediment released during dam construction was still working its way 
downstream, so the impact, although perhaps decreasing in intensity, may persist for a longer 
time period fiirther downstream from the dam. In the case of the proposed dam on Boggy 
Creek, the channel downstream is so steep that any fine material released during the 
construction phase is likely to be quickly flushed from the system. However, the impact of this 
process is likely to be felt fiirther downstream, where decreasing channel gradients present the 
opportunity for deposition of silt on the substrate. It is recommended that appropriate erosion 
control measures be taken during the dam construction phase. 

3.4.2.2 Water Temperature 

The impact of reservoir construction on the stream temperature regime will depend on the 
morphology of the reservoir pondage and the location of the offtake. I f the dam is relatively 
deep and narrow, given the sheltered location, it may stratify forming a pool of cold water 
beneath a layer of warm water, with the two not mixing. The temperature of the outflow 
would then depend on where in the reservoir the outflowing water was taken. In warm 
weather a shallow warm water layer forms even on unstratified reservoirs, and the effects of 
this can be seen in the data from the existing reservoir where, in March, water downstream of 
the dam was 0.7°C warmer than that above it. This result reflects both the impact of the dam 
and the impact of the clearance of shading riparian vegetation below it. 

The significance of such changes for the instream biota is not clear, but sogie alpine species 
{e.g. Spathula tryssa) are known to be temperature sensitive and others are likely to be. The 
problem is likely to be most significant in summer, when the reservoir capacity is larger 
relative to the stream discharge, and temperatures are higher, perhaps closer to critical values 
for some species. A possible solution is to include a baseflow bypass in the reservoir design, 
so that, during summer, stream water would not pass through the reservoir except during 
spates. 
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4. Stream Channel Geomorphology and Hydrology 
4.1 Introduction 
This component of the study was undertaken to determine appropriate minimum 
environmental flows, and environmental flow regimes required to maintain Boggy Creek as a 
healthy stream ecosystem. As with our previous work on Chalet Creek there are virtually no 
existing data on stream flows or water quality for the stream, so the conclusions derived here 
are based on data collected during a field survey conducted on 10-11 March 1995, and on data 
derived fi-om the literature and modelling exercises. This should be borne in mind when 
considering the conclusions. 

Compared with the previous work on Chalet Creek (Campbell et al. 1993), this investigation 
of Boggy Creek involved more detailed survey work and data analysis. Eight channel sites 
were surveyed, as opposed to five in Chalet Creek; five transects were measured at each site, 
as opposed to three in Chalet Creek; and a stage incremental hydraulic model was employed to 
estimate habitat availability across the fiiU range of discharge up to channel maintenance level, 
as opposed to estimates of habitat availability at only three discharge levels in Chalet Creek. 

4.2 Physical Nature of the Stream System 

4.2.1. General Features 

The Boggy Creek catchment had a maximum elevation of 1780 m AHD at The Summit (Fig 
4.1). Boggy 1 is at an elevation of 1470 m and the White Bridge stream crossing is at an 
elevation of 1070 m. Boggy 2, and the proposed dam site, are at an elevation of 1300 m. The 
catchment ranges in area from 55 ha at Boggy 1 to 214 ha at White Bridge (Table 4.1). 

The stream channel was surveyed at eight sites located from below Boggy 1 to upstream of 
the White Bridge stream crossing, a stream distance of 2,180 m. The survey sites, spaced 
200-550 m apart (Fig 4.1), were selected as areas that appeared to provide suitable habitat for 
a range of macroinvertebrates. Bedrock sites devoid of rocky substrate, or sites with steep 
cascade or waterfall morphology were deemed unsuitable. Some areas could not be measured 
because the channel was blocked by debris accumulations. 

Boggy Creek is a very high gradient stream. Gradients measured from 5 m contour intervals 
were up to 200% (63°). Gradients averaged over 15 m elevation increments were up to 100% 
(45°) (Fig 2). The mean channel slope fi-om The Summit to White Bridge, calculated fi-om 5 m 
contour intervals was 40% (22°). Much of the channel is bedrock waterfalls and steep 
cascades. Downstream of Boggy 2 there are three significant, near-vertical waterfalls 10-20 m 
in height. 

The catchment is relatively undisturbed, apart from a few cleared ski runs and an access road 
to Boggy 2. A landslip that occurred in the early 1990s, just downstream of Boggy 2 
(probably initiated by concentrated drainage from the road), would have contributed sediment 
to the channel. However, the slip now appears to be relatively stable, and there is no evidence 
of excessive sedimentation in the channel. 
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Figure 4.1 Longitudinal profile of the main streamline in Boggy Creek catchment. Channel 
and discharge survey sites are shown as open dots. 
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Figure 4.2 Gradient of the main streamline in Boggy Creek catchment. Slope is a three point 
moving average of slopes calculated from 5m contours. Channel and discharge survey sites 
are shown as open dots. 
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Table 4.1 
Measured catchment, channel and flow variables on 10-11 March 1995. Maximum channel width and mean channel depth measured for 

channel maintenance level. Single measured value or mean and standard deviation for five transects given. 

Catchment Discharge Channel Low flow Manning's n D84 D50 Mean channel Max channel Wet channel % of channel 
area slope max. slope depth width width width wet 
(ha) ( L s-') (%) (%) (mm) (mm) (m) (m) (m) (%) 

site A 55 4.1 13 5 0.53 (±0.14) 269 157 0.27 (±0.10) 1,1 (±0,2) 0.9 (±0,3) 68 (±21) 
(below Boggy 1) 
siteB 74 5.0 25 7 0.70 (±0.37) 2 U 177 0.21 (±0.04) 1.6 (±0,3) 1.2 (±0.4) 71 (±19) 
site C 88 5.5 17 4 0.83 (±0.64) 223 160 0.18 (±0.06) 2.1 (dtO.3) 1.7 (±0.3) 83 (±10) 
siteD 129 6.6 21 5 0.33 (±0.27) 187 160 0.25 (±0.03) 2.3 (±0.4) 1.9 (±0.2) 83 (±11) 
site E 142 10,9 22 5 0.45 (±0.13) 187 155 0.23 (±0.06) 2.5 (±0.4) . 1.9 (±0,2) 77 (±16) 
s i teF 155 12.0 10 4 0.28 (±0.19) 171 143 0.26 (±0.02) 2.7 (±0.6) 2.2 (ifl.7) 80 (±9) 
(below Boggy 2) 
siteO 167 12..̂  13 4 0.38 (±0.29) 174 147 0.22 (±0.05) 3.2 (±0.5) 2.0 (±0.5) 63 (±19) 
siteH 177 13.2 33 7 0.41 (±0.17) 174 138 0.22 (±0,06) 2.7 (±0.2) 2.0 (±0.3) 74 (±7) 

Table 4.2 

Modelled channel and flow variables on 10-11 March 1995 and for channel maintenance conditions. Mean and standard deviation for five 
transects given. 

Discharge Wet channel %of Modelled/ Modelled/ Min. discharge Min. Corrected Channel Channel 
(Bathurst, 1978) width channel measured measured for welted discharge min. maintenance flow maintenance flow 

width wet discharge wet widdi perimeter for width discharge (Bathurst, 1978) (Manning's n • 0.2 
(Ls->) (m) (%) ( L s - l ) ( L s - I ) (Ls-1) ( L s - ' ) (Ls-1) 

site A 7.8 (±3.4) 0.7 (±0,2) 64 (±17) 1.9 0,8 14 12 7 621 (±588) 167(±105) 
(below Boggy 1) 
siteB 15.9 (±10.3) 0.9 (±0,4) 58 (±20) 3.2 0.8 14 14 4 1093 (±547) 267 (±76) 
s i teC 13.4 (±7.7) 1.2 (±0.4) 59 (±18) 2.4 0.7 16 16 7 582 (±374) 217 (±96) 
site D 14,8 (±16.5) 1.4 (±0.2) 61 (±14) 2.2 0.7 13 13 6 1257 (±310) 423 (±123) 
site E 33.9 (±13.4) 1,3 (±0.2) 53 (±7) 3,1 0.7 16 16 5 1399 (±542) 444 (±147) 
site F 29;6 (±23.4) 1.4 (±0.3) 52 (±11) 2.5 0.6 15 15 6 1185 (±302) 373 (±80) 
(below Boggy 2) 
site G 37.8 (±29.6) 1.7 (±0.6) 53 (±19) 3.1 0.9 15 15 5 1453 (±492) 453 (±166) 
siteH 38.2 (±22.6) 1.6 (±0.2) 60 (±5.9) 2,9 0.8 15 15 5 1684 (±611) 563 (±190) 



Mean diameter of three main axes (mm) 

Figure 4.3. Size distribution of coarse bed material in Boggy Creek at the eight survey sites. 

The channels are devoid of instream vegetation, but the verges are well covered with grass, 
ferns and shrubs. In some of the flatter channel sections there are accumulations of large 
quantities of woody debris. The channel is highly irregular in morphology. 

4.2.2 Bed Material Size Distribution 

Bed material ranged from accumulations of boulders and cobbles to scoured bedrock. Sand 
was also present, but in low quantities. Coarse bed material size was determined by randomly 
selecting 40 stones from non-pool sections and calculating the mean of the three major axes 
(Newbury and Gaboury, 1993). Very large, moss covered boulders were regarded as part of 
the fixed channel boundary and were excluded fi-om the substrate survey. The bed material 
was similar in size distribution (Fig 4.3) to that previously sampled in nearby Chalet Creek 
(Rhithroecology, 1993). D50 (median diameter) and D84 showed a generally decreasing trend 
downstream (Table 4.1). 

4.2.3 Channel Cross-Sectional Morphology 

Newbury and Graboury (1993) suggested that the flow that maintains the important ecological 
and small-scale morphological characteristics of a channel corresponds to the level where 
plants show sensitivity to inundation or where rock surfaces are abraded by bedload. These 
features were used to identify the channel maintenance level in Boggy Creek. It usually 
corresponded to the maximum width of the channel, but was usually below the bank top level. 
The flow responsible for channel maintenance is termed the channel maintenance discharge. I t 
is a moderately high magnitude event that has the capacity to redistribute bedload, and it 
occurs fi-equently enough to prevent vegetation encroachment. 
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Figure 4.4 Cross-section number 5 at site F, just below the proposed dam site. 

The morphology of Boggy Creek chaimel was measured at five transects at each of the eight 
survey sites. The transects, spaced 5-10 m apart, were located at points in the channel that 
acted as hydraulic controls (riffles or steps in the profile). Transects were only conducted at 
points that were considered to provide suitable habitat for a range of macroinvertebrate 
species (ie. rocky substrate was present on the bed). The width and depth to the bed and water 
surface, relative to the channel maintenance level, were measured using a staff and rule, 
usually at 0.2 m width intervals (Table 4.1). An example of a cross-section at Site F below the 
proposed dam site is shown in Fig 4.4. Local low-flow water surface slope was measured in 
the field using an alidade (Table 4.1). Channel maintenance level slope was estimated roughly 
in the field using an alidade, and these measurements were checked against channel slope 
calculated from a 1:5000 scale map with 5 m contour intervals (Alpine Resorts Commission). 

Maximum channel width gradually increased downstream fi-om approximately 1 m at Boggy 1 
to approximately 3 m upstream of the White Bridge (Table 4.1). The width of the wetted 
channel (on 10-11 March 1995) varied fi-om just under 1 m at Boggy 1 to 2 m upstream of the 
White Bridge (Table 1). Thus the percentage of maximum channel width wetted by the flow 
that prevailed on 10-11 March 1995 varied between 63% and 83% for the eight sites (Table 
4.1). Mean depth at channel maintenance level was relatively constant between sites 
(0.21-0.27 m) and did not vary as a fiinction of distance downstream (Table 4.^). 

4.3 Instream Habitat Availability 

Boggy Creek has a diverse invertebrate fauna and is a known habitat of Thaumatoperla 
flaveola, a stonefly listed under the FFG Act. Little is known of the specific flow and habitat 
requirements of Australian aquatic invertebrates. Flow velocity is known or assumed to be 
important for species that use the current for feeding, such as the mayfly Coloburiscoides 
sp.or blackfly larvae (Simuliidae). However in streams such as this the patterns of flow are 
extremely complex and there is no simple relationship between either the range or distribution 
of current velocity and the discharge. For species with no obligate requirement for a particular 
range of current velocity, it can only be assumed that the area of wet substrate is the most 
important habitat factor. Except during the snowmaking period, the proposed reservoir near 
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Boggy 2 will be fiiU and the flow in Boggy Creek will be unaffected by snowmaking activities. 
At any time of the year, the flow can be reduced downstream of Boggy 1, and sometimes 
Boggy 2, due to abstractions of water for Village water supply (100 M L in 1994). As with any 
impoundment or diversion, it is important to manage the system in such a way as to maintain 
the ecological integrity of the stream below the structure. Thus, flows downstream of the 
diversions should either be equivalent to the flow that would occur naturally (possible only 
when water is not being diverted), or sufficient to maintain an adequate area of wet substrate. 

Determination of what constitutes an adequate area of wet substrate is a diflBcult problem 
because of the lack of detailed information on the minimum habitat requirements of the biota 
that inhabit the streams of the area. Assuming that the most important physical habitat factor 
for macroinvertebrates is the existence of flowing water, then the minimum flow should create 
an area of wet substrate similar in extent to that which would occur in the absence of flow 
regulation. Flow variability may be important in maintaining species diversity (Reice, 1994). 
However, unnaturally rapid, artificial discharge fluctuations can reduce species diversity and 
abundance (Minshall and Winger, 1968; Pearson and Franklin, 1968; Petts, 1984; Gore, 1989; 
Munn and Brusven, 1991). Moderately high flow events that remove fine surface sediment 
deposits, mobilise bed sediments and check encroachment by vegetation are important in 
maintaining habitat quality. 

4.3.1 Minimum Environmental flow 

The Manning Equation is an empirically derived relationship widely used to estimate the 
discharge of flow in ungauged streams (Chow, 1959). Mean velocity is a function of hydraulic 
radius (approximately equal to mean depth), channel slope and Manning's n roughness 
coefficient. Discharge at any level can be estimated by measuring channel cross-sectional 
dimensions and slope, and selecting an appropriate value of n. Flow in Boggy Creek can be 
regarded as shallow because the height of the roughness elements is of the same order as the 
flow depth. The roughness coefficient of shallow flow over heavily obstructed surfaces has 
been estimated at 0.2-0.6 (Leutheusser and Chisholm, 1973; Wakhlu, 1974; Turner et al., 
1978; Engman, 1986). The values of Manning's n measured in Boggy Creek during field 
surveys on 10-11 March 1995 were of this order (Table 4.1). 

The Manning Equation was developed empirically to describe open channel situations with 
fully turbulent flow where friction is controlled by drag from the channel surface. Kadlec 
(1990) argued that the Manning Equation is not strictly appUcable to situations where 
roughness is large-scale, and form drag dominates over surface skin friction. Alternative 
approaches to quantify the hydraulics of flow in rough streams have been attempted (Petryk 
and Bosmajian, 1975; Bathurst, 1978; Jarrett, 1984; Bathurst, 1985; Thorne and Zevenbergen, 
1985; Watts and Watts, 1990). Although no satisfactory equation for all flow conditions has 
been developed (Bathurst, 1985), the best alternative to the Manning Equation, to describe 
flow over large scale roughness, is the equation of Bathurst (1978) which empirically relates 
the Darcy-Weisbach friction factor to the 84th percentile bed material size, D84, [see 
discussion in Thome and Zevenbergen (1985) and Grant et al. (1992)]. The Bathurst Equation 
was applied to the problem of modelling discharge in Boggy Creek. 
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Grant et al. (1992) provide a computer program called XSPRO that calculates discharge using 
the Bathurst (1978) equation. Data input consists of cross-sectional bed morphology (e.g. Fig 
4.4), D84 (Table 4.1), and water surface slope (Table 4.1). For each transect, discharge was 
estimated for selected stage increments, allowing the construction of relationships between 
modelled discharge and modelled wetted perimeter (and wetted width). For each site, the 
relations were quite different between the five transects. The transect relations were combined 
to form a single site relation by assuming that each transect relation applied to one-fifth of the 
total site channel area. This was done simply by averaging the five curves over the range of 
modelled discharge (3-2000L s') (Fig 4.5). 

wet channel width 
wetted perimeter 
w% = 10.696 log Q + 24.017 (R'̂ 2 = 0.995) 
wp% = 10.592 log Q + 20.775 {R'^2 = 0.993) 

200 400 600 800 1000 1200 1400 1600 1800 2000 

Modelled d i s c h a r g e ( L s '^ ) 

Figure 4.5 Modelled wetted perimeter and width versus modelled discharge for combined 
data from site F, just below the proposed dam site. 

The channel width and flow modelling technique proved to be inaccurate. For the mean stage 
height measured on 10-11 March 1995, the modelled discharges were 1.9-3.2 times higher 
than the measured values (Table 4.2). The pattern of cross-sectional elevatrbn of the water 
surface (Fig 4.4) was too complex to be incorporated into the discharge model. The model 
calculated discharge using the simplifying assumption that the water surface was horizontal 
across the cross-section at all stage heights. Discharge on 10-11 March 1995 was estimated 
using the mean water surface elevation. This assumption resulted in the shallow flow on the 
channel margins being ignored, while the depth of water in the main part of the channel was 
overestimated (Fig 4.4). This problem partly explains the overprediction of discharge. 
However, Thome and Zevenbergen (1985) also reported overprediction of discharge by the 
Bathurst (1978) equation. Also, in the previous study of Chalet Creek (Rhithroecology, 1993), 
it was found that the Bathurst (1978) equation predicted higher values of discharge than the 
Manning equation. The predictions of wetted width underestimated actual wetted width by a 
factor of 0.6-0.9 (Table 4.2). This underestimation is explained by the simplifying assumption 
in the model that the water surface was horizontal across the cross-section. This assumption 
led to predictions of 52%-61% of the bed being wet (Table 4.2), while in practice, flow over 
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the irregular bed topography of Boggy Creek was complex (Fig 4.4) and covered 63%-83% of 
the bed (Table 4.1). 

The width and wetted perimeter versus discharge curves (e.g. Fig 4.5) overestimated 
discharge and underestimated wetted area. It was not possible to calibrate the curves because 
only one measured value of discharge was available. However, the curves were of a shape that 
would be expected for the type of channel morphology present. At low flows, small discharge 
increases cause large increases in wetted area, while at high flows, discharge increases result in 
little improvement in wetted area. The point of maximum curvature has been cited as a useful 
index of minimum flow, because rapid losses of wetted area occur below the discharge 
corresponding to this point (CKeefe et al, 1989). Log curves were fitted to the relations (R^ 
> 0.96), and the point of maximum curvature calculated (Goodman, 1980, p. 612) (Fig 4.6). 
There was little or no difference between the minimum discharges (maximum curvature) 
calculated for the width and the wetted perimeter curves (Table 4.2). By a coincidence, the 
calculated values of minimum discharge were of the same order as the values of discharge 
measured on 10-11 March 1995 (Tables 4.1 and 4.2). For each site, the modelled minimum 
discharge was corrected using the factor by which the discharge model overestimated the 
measured discharge (Table 4.2). This produced minimum environmental flows ranging from 
4-7 L s'' over the length of stream from downstream of Boggy 1 to upstream of the White 
Bridge (Table 2). 
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Figure 4,6 Curvature of the relation between wetted perimeter and discharge for site F (see 
Fig. 4.5). The curvature of the width discharge relation was virtually identical to that of the 
depicted wetted perimeter discharge relation. 

Recommended minimum environmental flows are 5 L s"' below Boggy 1 and 7L s"' below 
Boggy 2 (and proposed dam). Lower flows should be allowed only at times when the natural 
flow in the stream is lower than these limits. Previous gauging and anecdotal evidence 
suggests that flow in Boggy Creek below Boggy 1 rarely falls below 5 L s"' (Rhithroecology, 
1993). I f natural flow falls below 5 L s"' at Boggy 1 or 7 L s"' at Boggy 2, then water should 
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not be diverted from the stream at these points. At Boggy 2 (or proposed dam), under 
conditions of sustained diversion of water at the proposed maximum pumping capacity of 45 L 
s' , then the natural inflows must exceed 52 L s"' to achieve a spill that is equivalent to the 
minimum required for environmental purposes. This flow rate is normally only exceeded 
during storm events (Rhithroecology, 1993), so the provision of environmental flows is an 
issue throughout most of the year at Boggy 2. Water is diverted fi-om Boggy 1 via two pipes. 
The maximum possible rate of diverting water fi-om the stream at Boggy 1 is unknown, but 
tank filling data from 1991-1992 suggests that it is at least 32 L s' (Rhithroecology, 1993). 
Thus, the provision of environmental flows is also an issue at Boggy 1 throughout most of the 
year. 

Maintenance of a constant regulated flow level for long periods can be detrimental to instream 
biota. It has the effect of favouring particular species and reducing diversity (Reice, 1994). 
Artificially altering the discharge at an unnaturally rapid rate can also be detrimental. I t seems 
intuitively desirable to maintain a degree of flow variability in the environmental releases in 
Boggy Creek. Discharge variability will produce only small variations in the wetted area, 
because the majority of the channel bed is wet even at the minimum flow rate. However, 
discharge variations will produce changes in the temporal and spatial distributions of hydraulic 
conditions (depth and flow velocity). 

Even in the absence of rainfall, it is normal for streamflow to vary from day to day, and 
diumally. This streamflow variation is in response to variation in the rate of 
evapotranspiration. The flows in Boggy Creek have not been gauged continuously, so the 
normal level of baseflow discharge variability is unknown. Also, the ecological importance of 
this scale of variability is unknown. For these reasons an operating rule for maintaining flow 
variability cannot be specified. It is recommended that the specified minimum flows of 5 L s' 
at Boggy 1 and 7 L s'' at Boggy 2 (and proposed dam) be regarded as the lower limits of a 
minimum environmental flow range over which the flow should be allowed to vary as a 
fiinction of the natural flow in the stream. Further research would need to be conducted to 
determine i f it is necessary to vary the minimum enviroimiental flow, and i f so, over what time 
scales (e.g. weekly, monthly or seasonally) and over what range. Application of these 
recommended flow management rules will necessitate gauging of the stream above and below 
Boggy 1 and Boggy 2 (or proposed dam). The lower gauges can be replaced by gauges on the 
diversions. 

4.3.2 Channel maintenance discharge 

Streams draining catchments of 100-200 ha in high runoff areas in the U.S.A. have channel 
maintenance discharges of 0.6-1.0 m^ s' (600-1000 L s') (Newbury and Gaboury, 1993). At 
discharges of this order, steep mountain streams in New Zealand typically have a Manning's 
roughness coefficient of approximately 0.2 (Hicks and Mason, 1991). Applying the Manning 
equation to the sites on Boggy Creek, assuming a roughness of 0.2, produced estimated 
channel maintenance discharges of 167-563 L s' (Table 4.2). The Bathurst equation gave 
estimates of channel maintenance discharge that were 3-4 times higher than those estimated by 
the Manning equation (Table 4.2). Recall that the Bathurst equation overestimated the 
low-flow discharges by a factor of 2-3. This information suggests that 500 L s' is a reasonable 
estimate of the magnitude of the discharge required for channel maintenance in Boggy Creek 
below the site of the proposed dam. The frequency and duration characteristics of this 
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discharge event are unknown, but hydrological modelling suggests that the events are most 
likely to occur in spring and last for a few days. 

The effect of the proposed dam on the frequency and duration of channel maintenance flows 
depends on its storage capacity and its mode of operation. After being emptied by late winter 
snowmaking activities, a small dam in the order of 50 M L capacity will fill quickly in early 
spring, probably in the order of 1-2 weeks. I f the dam is kept at fiall supply level then 
subsequent flood flows will spill (or bypass the dam) virtually unaffected into the stream 
below. A larger dam will take longer to fill, thereby increasing the probability that it will 
intercept channel maintenance events. I f the dam is not maintained at full supply level then it 
will act to absorb smaller flood events, and attenuate larger ones. 

A dam in the order of 50 M L capacity, maintained at fiall supply level whenever possible, is 
unlikely to impact on channel maintenance processes. Larger dams may have an impact, and a 
fully utilised dam larger than 300 M L will almost certainly affect the frequency of channel 
maintenance flows in the channel downstream. The impact of a larger dam can be ameliorated 
by application of an appropriate operational strategy. It is recommended that regardless of 
size, the dam be maintained at full supply level whenever possible. Inflows to, and outflows 
from the dam should be gauged, and i f it is determined that the dam causes significant 
alteration of the frequency of channel forming events (evidence suggests that these are in the 
order of 500 L s"'), then an annual artificial flood release should be made. The appropriate 
magnitude and duration of this event can only be determined from experience. A 100 M L 
storage will provide for a 500 L s"' flow event of approximately two days duration. It is 
recommended that stream gauging begin in the catchment as soon as possible. The most 
important location is just downstream of the proposed dam site. The data from this gauge will 
allow refinement of the hydrologic model, and also provide information regarding the 
magnitude, frequency and duration of channel forming events. After construction of the dam, 
the water height should be gauged against inflows. It is also suggested that the geomorphic 
impact of flows of various magnitude and duration be investigated by a qualified research 
team. A biological investigation into the role of high flows could be conducted at the same 
time. The results will allow specification of an artificial flood i f it is deemed necessary. 
Pending the results of further hydrologic and geomorphic work, it is recommended that i f a 
dam over 100 M L capacity is required, then it should be designed to allow for release of flows 
up to 500 Ls"'. 
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