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Freshwater Biological Assessment of Environmental Effects for the Proposed Central Electric Ltd Horseshoe Bend Hydro-electric Scheme on the Teviot River, Central Otago





John D. Stark & John W. Hayes

Cawthron Institute

NELSON



1.0	INTRODUCTION



In mid 1992, Otago Central Electric Power Board, now operating as Central Electric Ltd (CEL), contracted Cawthron to undertake freshwater biological investigations in the Teviot River catchment in order to obtain supporting information for their application for resource consents to dam the Teviot River near Horseshoe Bend for the purposes of hydroelectric power generation.



The Fourth Schedule of the Resource Management Act (1991) requires that the effects of any proposed development on the environment must be assessed.  Specifically, in Clause 2(c) an assessment is required to consider "any effect on ecosystems, including effects on plants or animals and any physical disturbance of habitats in the vicinity" and in Clause 2(d) " any effect on natural and physical resources having ... scientific .. or other special value for present or future generations."



This Assessment of Environmental Effects (AEE) is limited to describing the potential impact of the proposed power scheme on macroinvertebrate and fish communities in the Teviot River and the likely biological features of the impoundment that will be created behind the dam.



The primary objectives of this report are to summarise the previously available biological information on the system, report on additional investigations undertaken specifically for this AEE and to assess the potential impact of the proposed scheme on macroinvertebrate and fish communities in the Teviot River catchment.



Specific study objectives were:-



�SYMBOL 183 \f "Symbol" \s 10 \h�	To summarise existing information on fish and macroinvertebrate communities in the Teviot catchment (including Lake Onslow)



�SYMBOL 183 \f "Symbol" \s 10 \h�	Collect additional data on fish and macroinvertebrate populations to overcome deficiencies in the existing database



�SYMBOL 183 \f "Symbol" \s 10 \h�	Assess the impact of the proposed hydroelectric development on fish and macroinvertebrate communities in the Teviot River



�SYMBOL 183 \f "Symbol" \s 10 \h�	Examine macroinvertebrate and plant communities in Lake Onslow as an indication of communities likely to become established in the new impoundment.































































































Figure � SEQ Figure \* ARABIC �1�:  Schematic diagram of the Teviot River catchment indicating the existing Central Electric Ltd hydro-electric dams.  The proposed Horseshoe Bend scheme is to be located between the Onslow and Marslin dams. 

2.0	PROPOSED HORSESHOE BEND HYDROELECTRIC DEVELOPMENT



2.1	Teviot River hydrology



Stewart (1996) analysed existing flow data for the Teviot River catchment to determine mean and low flows for the Lake Onslow outlet, Horseshoe Bend and Marslin Dam sites.  Tables 1 & 2 summarise the key results.



Table � SEQ Table \* ARABIC �1�:  Teviot catchment mean flows and specific discharges (1984 - 1995) (from Stewart 1996).��





Measuring site�Mean flow 

(l s-1)�Specific discharge

(l s-1 km-2)�Between site mean flow

(l s-1)�Between sites specific discharge

(l s-1 km-2)��Onslow Outlet�3160�18.1����Horseshoe bend�3520�16.8�360�10.6��Bridge Huts�3780�16.2�260�10.6��Marslin Dam�4370�14.0�590�7.5��

Table � SEQ Table \* ARABIC �2�:  Seven-day low flows for various sites in the Teviot catchment (from Stewart 1996).���Onslow Outlet�Horseshoe Bend�Bridge Huts�Marslin Dam��7-day mean annual low flow�550�610�655�760��7-day 2-year return period low flow�510�565�605�705��7-day 5-year return period low flow�345�385�410�475��7-day 10-year return period low flow�275�305�325�380��

2.2	Background and proposed scheme design



Harvey & Jellyman (1986) provided the following information on the Teviot River and Lake Onslow:-



"The Teviot River flows south through barren hill country into a swampy basin between the Lammerlaw and Lammermoor Ranges; this basin has been dammed to form Lake Onslow.  From the lake the river flows west to the Clutha River; in the lower 4 km the substrate is mainly boulders and the gradient is steep.  In this part of the river the flow is controlled by the power-house.



There are several dams and power-houses on the river which make up a hydro and irrigation complex with Lake Onslow as a reservoir.  The scheme was first constructed in 1924 with a capacity of 0.6 MW.  The Teviot Bridge power station was added in 1972.  On 30 October 1982, an extended scheme was commissioned.  This consisted of a new concrete dam, 4m higher than the old stone structure, which increased the lake area from 367 ha to 834 ha.  An additional power-house (Teviot "A") was added to the existing Teviot Bridge station and a new power-house (Teviot "B") was built upstream.  The total generating capacity of the scheme is 11.9 - 12 MW."



��

Figure � SEQ Figure \* ARABIC �2�:  Proposed layout of the 4 MW hydro-electric power scheme planned for Horseshoe Bend on the Teviot River (as at December 1996).



�As noted above in the description by Harvey & Jellyman (1986), the Teviot River already has significant hydroelectric development.  CEL has an existing storage dam on the river (Lake Onslow) and two dams (Marslin Dam and MWD Dam) further downstream (Figure 1).  All three dams are barriers to the upstream migration of freshwater fish.



Details of the proposed hydroelectric development at Horseshoe Bend on the Teviot River are given by Whitaker (1993).  Briefly, the proposed scheme, between Lake Onslow and Marslin Dam, involves a 13 m high storage dam on the Teviot River upstream of Horseshoe Bend (some 9 km downstream of Lake Onslow) feeding a concrete-lined tunnel 150 m in length, and a 500 m buried concrete penstock, before falling about 90 m through a 350 m steel penstock to a power-house with a 4 MW turbine and generator (Figure 2).  Immediately downstream of the dam site the Teviot River passes through a steep gorge section.  This contributes significantly to the gross head of the scheme (92 m).



The new impoundment, with an area of approximately 5.52 ha, will be confined to the narrow river valley and will extend approximately 1335 m upstream of the dam.



At present, discharge from the Onslow reservoir is used to provide a relatively constant flow at Marslin Dam (e.g. approximately 5665 l s-1 (200 cusecs�) during winter).  There is some week to week variation and changes due to rainfall, but no significant regular periodic (e.g diurnal) flow variation (Peter Mulvihill, CEL, pers. comm.).  Such a stable flow regime would not be natural for this system.



The operation of the proposed scheme will produce some diurnal variation in the water level of the new impoundment (1.0 - 1.5 m) and Teviot River flows downstream of the power-house.  It has been estimated that river level variation may be as much as 230 mm (over a total depth of 480 mm) at the new Bridge Huts staff gauge site over the proposed operating flow range (i.e. 1700 - 5665 l s-1 or 60 - 200 cusecs) (Peter Mulvihill, CEL, pers. comm.).  However, the most significant impacts will be the creation of an impoundment (where a riverine habitat exists at present) and on the 2400 m reach between the dam and the power-house where river flows will be reduced due to diversion of water through the scheme.  When operating at capacity, approximately 90% of the Teviot River mean flow will pass through the power scheme to return to the river below the power house.  A residual flow of 305 l s-1 (10.78 cusecs) will be provided between the dam and the power-house discharge.  This is equal to the calculated 7-day 10 year return period low flow for Horseshoe Bend (Stewart 1996).  Some small streams (one of which is marked on an Infomap 260 series map G43: 363 129) and seepages enter the Teviot River between the dam and the power-house discharge point and will supplement the residual flow through this section.



2.3	Proposed Horseshoe Bend Scheme operating regime



Central Electric Ltd (1996) detailed the proposed operating regime for the Horseshoe bend power scheme.  Regulated flows in the Teviot River are governed by the availability of stored water, inflows, electricity generation and irrigation requirements.  Since the head of water for existing generation stations on the lower Teviot River is greater than that for the proposed Horseshoe Bend power scheme, the introduction of the new scheme will have no effect on average or low flows downstream of the new powerhouse.



Since the proposed scheme is designed to generate electricity at times of peak load, diurnal flow variation will result downstream of the scheme.  However, there will be no daily flow variation when average regulated flows at Horseshoe Bend are less than 1700 l s-1 (60 cusecs).  Above 1700 l s-1 CEL will vary the discharge on a daily basis as required.  The minimum discharge below the scheme shall be maintained at similar levels to those that pertain at present.



Stewart (1996) has estimated, from Teviot scheme generation records, that the average useable flow at Horseshoe Bend is 3520 l s-1 (124 cusecs) although there is considerable daily, seasonal, and annual variation.  Lake Onslow is a relatively large storage facility for the size of the river and provides seasonal storage (i.e. carry over from wet to dry seasons).



Inflows between Horseshoe Bend and the Marslin Dam have been estimated at 850 l s-1 (30 cusecs) (Stewart 1996).



It should be noted that CEL has control of the discharge from the present Lake Onslow dam only when the storage level is above the crest level of the old Onslow dam (i.e. the top 4 - 5 m of storage in Lake Onslow).  Thus, the proposed minimum flow obligations, with respect to the Teviot irrigators, can be met only when the water level in Lake Onslow is within 4 - 5 m of capacity.



The residual flow between the proposed Horseshoe Bend dam and the power station outlet shall be set at 305 l s-1 (10.78 cusecs).  This flow would be supplemented by inputs from side streams and seepages under normal conditions, and exceeded substantially during freshes and flood events.  CEL would also seek agreement for exemption from these minimum flow requirements for unusual or emergency situations (such as failure of storage structures, short-term dam control equipment failure or extremely unusual weather sequences).



Limited storage in the proposed lake is expected to restrict station discharge variation, so that the day discharge cannot be more than 3820 l s-1 (135 cusecs) greater than the night discharge.



Current power costs dictate the following priority of generation:-



winter day > summer day > winter night > summer night.

Winter is defined as May - September (inclusive) and day is defined as 0700 - 2300h.



Table 3 indicates likely average below station discharges taking into account the constraints of generating plants downstream and assuming an average inflow of 850 l s-1 (30 cusecs) between Horseshoe Bend and Marslin Dam and an average Teviot River flow at Horseshoe Bend of 3520 l s-1 (124 cusecs).





Table � SEQ Table \* ARABIC �3�:  Typical flows below the proposed Horseshoe Bend power station for specified time periods under average flow conditions in the Teviot River.  Flows in l s-1 have been converted from flows in cusecs and rounded to the nearest 10 l s-1.���Average below-station river flow��Time period�l s-1 �cusecs��Winter weekday�5610�198��Winter weekend�5610�198��Winter night�2550�90��Summer weekday�2720�96��Summer weekend�2720�96��Summer night�1700�60��

3.0	STUDY AREA AND METHODS



3.1	Teviot River, Luncheon Creek and Pinelheugh Creek.



Boud & Cunningham (no date), working for the New Zealand Marine Department (the fore-runner of MAFFisheries and NIWA Freshwater), surveyed trout and invertebrates in the Teviot River in an attempt to ascertain the reasons for the small size of trout known from the river.  [Although no date was given, it seems most likely to have been undertaken in the mid 1960s]. They divided the Teviot River into three reaches and described the physical features of each.  These descriptions remain current and are summarised below.



Reach 1



This reach, of about 7.2 km, extended from the Roxburgh Hydro - Millers Flat Road bridge to about halfway to Bridge Huts.  The valley was steep-sided with rocky slopes up to 150 m high.  Bank vegetation comprised tussock, scrub and willows except where the banks were bare rock.  The river averaged about 4.6 m wide, but was up to 9 -14 m wide in places.  The water was 0.3 - 0.6 m deep with pools up to 1.8 m deep.  There were several cascades, especially in the lower reaches of this section.  The streambed comprised boulders and large stones with a little coarse gravel.



Reach 2



Reach 2 extended from the top of Section 1 to approximately 2.4 km upstream of Bridge Huts.  (This would be in the vicinity of Luncheon Creek).  The length of this reach was approximately 9.4 km.  In this section the river was characterised by long flats and pools with little swift water.  Bank vegetation comprised rushes with patches of scrub and pasture grasses.  The banks were much lower and not as steep as in Reach 1.  The river averaged 9 -14 m wide with water 0.3 - 0.6 m deep in runs with pools up to 1.8 m deep.  The streambed comprised mainly bedrock with small amounts of boulders, stones, gravel and sand.  In places there were thick growths of weed [moss] and algae.



Reach 3



Reach 3 extended from Reach 2 to the Onslow Dam - a distance of about 10.5 km.  In character, it was similar to Reach 1, except that bank vegetation comprised mainly tussock and the valley was not quite so deep.



























































Figure � SEQ Figure \* ARABIC �3�:  Locations of sampling sites in the Teviot catchment.  T1 - T7 = Teviot River, LC = Luncheon Creek,  PC = Pinelheugh Creek.  The proposed dam site is between sites T2 and T3 with the tailrace discharge entering the Teviot River upstream of its confluence with Luncheon Creek and just downstream of T6.  Two sites were located in Lake Onslow near its outlet.  All lake samples, except those from 5m depth, were collected from the site nearer to the lake outlet.  Six tributaries examined for suitability as trout spawning and rearing habitat are indicated (#1 - #6).  N.B.  There are many other tributaries within the study area that are not shown on this map.



3.1.1	Macroinvertebrate sampling



Four sampling sites on the Teviot River (T1 - T3 & T7) were selected on 7 September 1992 (Table 4, Figure 3) and duplicate semi-quantitative samples of macroinvertebrates were collected using a 0.5 mm mesh hand-net and the 'foot-kick' sampling technique.  The substratum at all sites was primarily bedrock or flat boulder-sized fragments of bedrock covered by a thick algal mat with some small patches of aquatic moss.  At all sites there was a marginal fringe of aquatic or semi-aquatic vegetation.  A single hand-net sample was collected from this habitat at Site T1.  River flows on 7 September 1992 were too high to permit effective quantitative macroinvertebrate sampling.  On 11 September, however, water depths and velocities were reduced by manipulating the outflow from Lake Onslow and flows through existing power schemes on the system.  On this date, duplicate quantitative samples of macroinvertebrates were collected from each of the four (i.e. T1 - T3 & T7) Teviot River sites using a Surber sampler (0.1 m² area, 0.5 mm mesh).



Table � SEQ Table \* ARABIC �4�:  Sampling site locations in the Teviot catchment (see Figure 3 for map of site locations).���Code�Location��T1�Teviot River at upstream limit of proposed impoundment (near Moir's Bridge).  Infomap 260 G43: 22379 55127.��T2�Teviot River within the proposed impoundment a few hundred metres upstream of the dam site.  Infomap 260 G43: 22371 55128.��T3�Teviot River downstream of the dam site (i.e. within the proposed residual river).  Infomap 260 G43: 22369 55131.��T4�Teviot River within the gorge.  Infomap 260 G43: 22365 55132.��T5�Teviot River within the gorge opposite proposed tunnel outlet.  Infomap 260 G43: 22368 55127.��T6�Teviot River within the gorge just upstream of proposed powerhouse tailrace discharge.  Infomap 260 G43: 22362 55128.��T7�Teviot River downstream of the proposed power station.  Infomap 260 G43: 22355 55127.��LC�Luncheon Creek at ford immediately downstream of the confluence of the left and right branches of Luncheon Creek.  Infomap 260 G43: 22362 55125.��PC�Pinelheugh Creek at bridge upstream of Teviot River confluence.  Infomap 260 G43: 22323 55145.��

Table � SEQ Table \* ARABIC �5�:  Summary of numbers of hand-net, Surber (0.1m2 area), and core (0.0135m2 area) samples collected from the Teviot River catchment and Lake Onslow.  Mesh size for all samplers was 0.5 mm.  See Table 4 and Figure 3 for key to site locations.����Number of samples��Site Code�Sampling Date�Hand-net�Surber�Core��T1�7-Sep-92�3�-�-���11-Sep-92�-�2�-���1-Mar-93�-�2�-��T2�7-Sep-92�2�-�-���11-Sep-92�-�2�-���1-Mar-93�-�2�-��T3�7-Sep-92�2�-�-���11-Sep-92�-�2�-���1-Mar-93�-�6�-��T4�29-Jul-96�3�-�-��T5�29-Jul-96�2�-�-��T6�29-Jul-96�2�-�-��T7�7-Sep-92�2�-�-���11-Sep-92�-�2�-���1-Mar-93�-�2�-��LC�1-Mar-93�-�2�-��PC�1-Mar-93�-�2�-��Lake Onslow�2-Mar-92�1�-�18��Total number of samples�17�24�18��

Quantitative (Surber) sampling at the four established Teviot River sites (T1 - T3 & T7) was repeated on 1 March 1993.  Two tributary streams (Luncheon Creek and Pinelheugh Creek) were also surveyed (Table 4).  Most samples were collected from moss/algal/riffle habitat, although at Site T3 some were collected from bedrock that was covered by silt entrapped in filamentous green algae.



On 29 July 1996 additional macroinvertebrate sampling was undertaken at three locations (T4 - T6) in the gorge section between the proposed dam site and the power station tailrace discharge (Appendix 5).  This reach will experience reduced flows once the scheme is in place, and had not been investigated previously due to its inaccessibility and the danger associated with working there.  Three locations were sampled using a handnet (0.5 mm mesh), kick sampling where possible, or by scraping the net up bedrock faces at the edge of turbulent water.  The torrential flow and turbulence in much of this reach was not only difficult or impossible to sample in safety, but was also likely to be too extreme an environment to support fish or reasonable macroinvertebrate populations.  Quantitative sampling would have been impossible.  Table 5 summarises the macroinvertebrate sampling programme.



Black disk (an index of water clarity) and temperature measurements were made at each sampling site on 1 March 1993.



3.1.2	Fisheries habitat assessment in tributary streams



The main tributary streams entering the Teviot River between Horseshoe Bend and Lake Onslow were photographed and brief habitat notes were made by Peter Mulvihill (CEL) to assist us in the assessment of these streams for suitability as trout spawning and rearing habitat.  Locations of these tributaries are given in Table 6 and Figure 3.



Table � SEQ Table \* ARABIC �6�:  Tributary streams assessed for trout spawning potential between Horseshoe Bend and Lake Onslow in the Teviot catchment (see Figure 3 for map of site locations).���Trib.�Location��#1�Tributary joining the Teviot River on the true left bank at the upstream limit of proposed impoundment near macroinvertebrate sampling Site T1.  Infomap 260 G43: 22382 55125.��#2�True left, Teviot River.  Infomap 260 G43: 22392 55121.��#3�True left, Teviot River.  Infomap 260 G43: 22408 55120.��#4�True right, Teviot River.  Infomap 260 G43: 22414 55123.��#5�True left, Teviot River.  Infomap 260 G43: 22423 55118.��#6�True left, Teviot River, under road bridge at Lake Onslow.  Infomap 260 G43: 22434 55119.��

3.1.3	Electric fishing



River flows on 7 September 1992 were also too high to permit effective electric-fishing.  However, on 11 September, 30-45 minutes was spent electric-fishing with a 90W backpack machine at each of four Teviot River sites (T1 - T3 & T7) and in Luncheon Creek.  A 2 m wide stop net was placed downstream of the electrode to catch any stunned fish that were carried downstream.



On 1 March 1993, electric fishing was repeated at the four Teviot River sites (i.e. T1 - T3 & T7) and in Luncheon Creek.  An additional site was fished on Pinelheugh Creek.  Methods used were the same as before except that Site T1 was fished with a mains powered machine.



Ross Dungey (Otago Fish and Game Council) drift-dived the reach from Luncheon Creek to Site T7 to assess the feasibility of this technique for surveying fish communities in the Teviot River.  Visibility was insufficient, due to the dark yellow-brown stained water, to permit fish populations to be censused effectively using this technique.  [Black disk readings taken from the Teviot River on 1 March 1993 ranged from 1.2 - 1.3 m.  cf. 2.0 m in Pinelheugh Creek and 1.4 m in Luncheon Creek.  At least 3 m visibility is required for drift-diving to be effective.].



On 1 March 1996 additional electric-fishing was undertaken in tributary streams #1 - #6 (as listed in Table 6), and in the Teviot River itself immediately downstream of the bridge below the Lake Onslow dam.  On this occasion, an EFM300 300W battery-powered backpack electric-fishing machine was used.  Representative brown trout of various sizes were retained for ageing by examination of scales and otoliths (ear bones).



3.1.4	Methods for assessing minimum flows



There are many different methods for recommending instream flows.  Seventy-five such methods were summarised by Morhardt (1986), although comparatively few of these have been used in NZ.  The many different approaches have been classified into six main groups (Morhardt 1986):-



1.  Basin variables

As size or some other physical characteristic of the drainage basin (i.e. catchment) increases, the minimum recommended flow increases.  Often different minima are set for winter and summer.



These methods are not in common use in the USA, and we are not aware that such methods have been used at all in NZ.  Although it seems sensible that a larger river may require a higher minimum flow, these methods are arbitrary in the sense that there is no consideration of ecological values.



2.  Discharge information

The recommended flow is a fixed percentage of the average annual flow (or some other flow).

This category includes the “modified Montana Method” suggested for NZ by Fraser (1978) to be used in data-short situations “on an interim or emergency basis until a better method can be developed.”   This rule of thumb defined the following:-



optimum flow = 100% of the mean monthly flows

acceptable flow = 75%-90% of the mean monthly flows

lesser residual flows range from 74% (fair) to 30% (poor) of the mean monthly flows

unacceptable residual flows are 29% or less of the mean monthly flows



Note here, that different minimum flows can be defined for each month (or this could also be done on a seasonal or annual basis).



The modified Montana Method has been used in the past by Catchment Boards and Regional Councils as a basis for their minimum flow policies.  For very “flashy” streams, the median may by a more appropriate basis than the mean.



The Department of Conservation (1994) have advocated that the modified Montana method be used as a “conservative approach” to water allocation on small streams and rivers where there is an absence of real information.



The Wanganui River minimum flows case is also extremely relevant.  The Planning Tribunal’s decision, upheld by the High Court, was to grant a minimum flow equivalent to the mean annual low flow (7-day value) (MALF), “because it represents the mean about which the low flow naturally fluctuates”.  The actual Wanganui decision adds the words “or the natural flow of the river, whichever is the less”.  This is a very important qualifier as it allows the flow to decrease due to the natural effects of droughts (e.g. 1 in 20 or 1 in 50 year droughts), but not due to the impacts of abstractions for irrigation or power generation.



Although the MALF is essentially an arbitrary basis for recommending a minimum flow, it is more defensible than most arbitrary methods given that the MALF defines the minimum, or limiting, habitat volume available in an “average” year, and there is good evidence now that the MALF is an important factor influencing the abundance and distribution of brown trout (Jowett 1990).



3.  Discharge Exceedence

The recommended flow is equal to the flow naturally exceeded a fixed percentage of the time.



This approach examines a flow duration curve and arbitrarily defines a recommended minimum flow as the flow equal to the average daily flow exceeded a given percentage (e.g. 80%) of the time.  There is no demonstrable ecological basis for this method.



4.  Untransformed Hydraulic Variables

A measurable physical variable is plotted as a function of flow, and the locations of a break point on the curve determines the recommended flow.



These methods were developed because techniques based upon basin or discharge variables may have little or no relationship to any biological features of the streams.  Here, simple hydraulic or structural measurements (such as wetted perimeter, which is the distance from water’s edge to water’s edge across the stream along the bottom) are used to approximate biological habitat more closely.  Our use of stream width (with photographs taken at various discharges) approximates this method.



The choice of minimum flow based upon the wetted perimeter vs stream flow plot has been selected several different ways.  For example:-



at the “inflection point” (although many such curves do not have one!)

at a point just statistically different from the mean flow (or twice the mean flow)



5.  Biologically Transformed Hydraulic Variables

A non-dimensional suitability index based on physical hydraulic variables is plotted as a function of flow, and the peak, a break point, or some other feature of the curve is used as the flow criterion.

The most highly developed example of this approach is the Instream Flow Incremental Methodology (IFIM), a technique now used increasingly throughout New Zealand, principally by Ian Jowett (NIWA) and John Hayes (Cawthron).  This approach is comparatively expensive, and has the greatest acceptance of any of the sophisticated methods.  However, at the workshop on Instream Flow Requirements Guidelines organised by the Ministry for the Environment (Wellington, 6 November 1996), it was acknowledged that the need for and IFIM study should be determined on a case-by-case basis depending upon the nature of the river and the issues concerned.  Even for some large projects, where the costs of an IFIM study are not of great concern, there can be little to be gained, by undertaking IFIM, compared with more cost-effective methods based upon rules of thumb based upon discharge information.



The results of IFIM are seldom clear-cut, and the minimum flow selected often is a political decision balancing the instream and out-of-stream demands for water.



6.  Multiple Biologically Transformed Variables

The output of a predictive model of a measurable variable is plotted against flow, and the recommended flow is determined from a break point or some other feature of the curve.



This approach seems to involve measuring almost everything imaginable, plugging it into a computer model to produce plots of habitat quality indices against flow.  The data requirements (which are not well defined) suggest that this approach may be even more expensive than IFIM.  We are not aware of such methods being used in NZ.



Conclusions



The MALF (either a 7-day or daily mean with the former preferred as a more stable parameter if data are available) appears to be an acceptable basis for setting minimum flows in rivers and streams.

For small rivers and streams where little or no data are available, a more conservative approach may be best.  Here the “modified Montana Method” could be used to leave 70% - 30% of monthly mean flows in the stream as the minimum flow.

IFIM is the most appropriate method for large rivers and major projects, but we believe that it should not be mandatory in all such cases.



These appear to be the only methods used reasonably widely in NZ, and with some acceptance by DoC or Fish and Game.



In our view, an IFIM study on the Teviot River (gorge section) would be an extremely hazardous exercise given the swift and turbulent nature of the river.  If the objective was to provide adequately for the habitat of trout, we expect that IFIM would be unlikely to suggest a minimum flow through the gorge of less than 1000 l s-1 (or 35 cusecs).  Given the fact that this reach is unlikely to be greatly used as trout habitat under the present flow regime (due to high current velocities and turbulence), and is largely inaccessible for angling, provision of trout habitat may not be a sensible objective.  Consequently we suggest that an IFIM study should not be required because the section of river to experience the minimum flow is relatively short (2400 m) and inaccessible, and is not used much by anglers.  Furthermore, the river has been regulated for 100 years and already has several other dams on it.



In other parts of the Teviot River (where wetted perimeter does not change much as flow varies due to the rectangular cross-section), IFIM would be an overkill.  In these areas, water depth is likely to be the critical factor dictating the value of fish habitat or fish passage.



No matter what method is selected for defining a minimum flow, the chosen flow is almost always going to be a balancing act between instream and out-of-stream demands for water and, ultimately therefore a political decision.



The Otago Regional Council (ORC) Consultative Draft Regional Plan: Water for Otago describes and justifies rules for defining minimum flows in Otago’s rivers.  Rule 5.5.6 is applicable to the Teviot River and states that minimum flows should be set based upon:-



The estimated 7-day 10-year low flow where there is a significant presence of trout; and

The estimated 7-day 5-year low flow where there is not a significant presence of trout.”



ORC consider that the above policy applies to rivers that have a significant presence of trout or native fish but for which there is insufficient information to establish the precise needs of the aquatic ecosystem and, therefore, a generally applied minimum flow standard is promoted.  Two minimum flows are provided for which are based on whether trout are present or not.  ORC state that “This is because native fish tend to be more abundant in the absence of trout”.



ORC justifies providing a higher standard of protection (i.e. a higher minimum flow) for native fish compared to trout because:-



Streams supporting predominantly native fish are smaller than those supporting trout and are more sensitive to fluctuations in flow; and

Significant indigenous habitat are given a higher level of consideration in matters of importance promoted by Part II of the Resource Management Act, with the Otago Regional Council in exercising its functions under the Act being required to recognise and provide for those habitats.



However, in our experience, trout require higher minimum flows than most native fish to provide adequate habitat.  For example, the habitat preference curves used in IFIM studies indicate that optimum water depths for native fish such as eels and the common bully are 7 - 8 cm, with depths greater than 30 cm much less preferred, and very little use is made of water deeper than 65 cm.  In contrast, adult trout hardly use habitat with water depths less than 20 cm at all, and prefer water greater than 60 cm deep.



Given that brown trout are the predominant fish in the mainstem of the Teviot River, a minimum flow of 305 l s-1 would be sufficient to comply with the applicable Rule 5.5.6(a) (Table 2).  Therefore, CEL intend to provide a minimum flow of 305 l s-1 (10.78 cusecs) between the Horseshoe Bend Dam site and the powerhouse tailrace discharge.

A minimum flow recommendation based on the MALF would be 655 l s-1 (23 cusecs) (Table 2).



3.1.5	Discharge-habitat relationships



Over much of its length, the Teviot River changes little in width with large changes in flow (Peter Mulvihill, CEL, pers. comm.).  Rather than undertaking a costly, intensive IFIM [Instream Flow Incremental Methodology] exercise, it was decided to run a series of low flow simulations (by manipulating the discharge from Lake Onslow) between Bridge Huts and the proposed Horseshoe Bend power-house.  Photographs were taken from the same photopoints, and river widths and water depth ranges were measured across selected cross-sections.  This exercise was undertaken at Teviot River flows (determined at Bridge Huts) of approximately 850 - 1135 l s-1 (30 - 40 cusecs), 1840 l s-1 (65 cusecs), 3115 l s-1 (110 cusecs) and 4250 l s-1 (150 cusecs) (Appendix 4).  The cross-sections surveyed tended to be across run and riffle habitat and not through deeper pool sections (which occur most often on bends in the river).



A further low flow simulation exercise was undertaken in February 1997 with photographs taken on 7 February 1997 (4305 l s-1 or 152 cusecs) and 19 February 1997 (1161 l s-1 or 41 cusecs).  Photographs taken on these dates were very similar to those taken previously under similar flow conditions.



3.2	Lake Onslow



3.2.1	Macroinvertebrate sampling



On 2 March 1993, one hand-net sample (0.5 mm mesh) was collected from the shallows at the edge of Lake Onslow and triplicate cores (0.0135 m² area, 0.5 mm mesh) from 0.5m, 1 m, 2 m, 3 m, 4 m and 5 m depth (Table 5).  All depths were sampled "upstream" of the boat ramp near the lake outlet (Infomap 260 G43: 22445 55117) except 5m which was around the corner in front of the huts (Infomap 260 G43: 22446 55116).  Although more extensive macrophyte and invertebrate communities were likely to be present in other parts of the lake, current velocities and shoreline profiles near the lake outlet were more likely to reflect those expected in the proposed Horseshoe Bend impoundment.



3.3	Sample processing



All macroinvertebrate samples were preserved with 70% alcohol / 4% formalin in separate 600 ml or 1 litre plastic jars labelled with the date and site code.



In the laboratory, each sample was wet sieved through a series of Endecott sieves (4 mm, 1 mm, 0.5 mm) to facilitate separation of animals from debris.  All animals present in quantitative Surber and core (lake) samples were identified and counted.  Relative abundances of animals in hand-net samples were expressed on a Rare (<5), Common (5-19), Abundant (20-99), Very Abundant (100+) scale.  Dry weights of different macrophytes and debris present in core samples were determined (2 days at 66oC in a drying oven).





3.4	Data analyses



Macroinvertebrate data were subjected to a variety of computer analyses.  The Correspondence Analysis Ordinations (CAO) were run using a reciprocal averaging ordination program of Orloci (1978). For further general discussion of these methods see Stark (1985).  The microcomputer statistics package SYSTAT 6.0 for Windows was used to plot graphs presented in this report.  Student’s t-test was used for assessing the significance of differences in variables such as species richness, or macroinvertebrate densities between sites or times.



4.0	RESULTS AND DISCUSSION



4.1	Existing information on fish populations and fisheries values



4.1.1	Angling in Lake Onslow



Creel census and angling surveys



Scott & Watson (1980) summarised Otago Acclimatisation Society creel and angling census data for 1970-1980.  Scott (1987) included these data in a comparative table that included data from 10 other brown trout fisheries in New Zealand (Table 7).



Table � SEQ Table \* ARABIC �7�:  Catch rates (fish per hour) of brown trout from creel census data (after Scott & Watson 1980, Scott 1987).  The catch in Lake Mahinerangi is 22-30% rainbow trout.  Mean fish kept per hour and average lengths for all waterways are for brown trout only.  NR = no return.�������Waterway�Period�Fly�Spinning�Bait�Mean fish kept per hour�Average length (mm)�% anglers with fish��Rangitikei River���������     Middle�����0.03�492�29.0��     Lower�����0.01�503�17.0��Ahuriri River�1982-83����0.13�452���Oreti River�1967-82����0.23�395���Waiau River�1958-76����0.24�417���Mataura River�1976-80����0.15�440�24.0��Upper Pomahaka�1976-80�0.09�0.07�0.10�0.09�525�19.4��Lower Pomahaka�1973-80�0.24�0.19�0.16�0.18�400�26.2��Upper Clutha (Alexandra)�1975-78�NR�0.30�0.20�0.20�307�28.7��Mid Clutha (Balclutha-Pomahaka)�1987-80�0.0�0.13�0.15�0.14�403�17.0��Lower Clutha (summer)�1973-77�0.46�0.12�0.12�0.12�379�23.4��Lower Clutha (winter)�1973-76�0.0�0.45�0.28�0.31�412�35.3��Lower Taieri (summer)�1973-77�0.0�0.11�0.13�0.13�360�14.8��Lower Taieri (winter)�1973-76�NR�0.20�0.15�0.15�414�22.5��Waipahi�1973-78�0.16�0.0�0.03�0.12�435�12.5��Wyndham�1978-80�0.49�0.0�0.20�0.43�393�40.5��Lake Coleridge�1978-83����0.01�535���Lake Mahinerangi�1970-78�0.13�0.19�0.11�0.09�459�28.0��Falls Dam�1976-80�NR�0.23�0.20�0.21�340�27.2��Poolburn Dam�1976-80�0.25�0.23�0.17�0.18�395�46.0��Lake Onslow�1976-80�0.0�0.39�0.13�0.24�373�58.8��Lake Onslow�1983-84�0.18�0.56�0.32�0.42�428�39.0��

Catch rates in Lake Onslow (mean 0.24 fish kept per hour) were exceeded only by catch rates in the Wyndham (0.43) and lower Clutha (winter 0.31).  None of the other waterways for which data are available could approach the high percentage of anglers (58.8%) that caught takeable fish from Lake Onslow.  The average length of takeable brown trout from Lake Onslow (373 mm) in 1976-80 was below the mean for all waterways (421 mm), but had increased by the 1983-84 season (428 mm) to be greater than the overall mean.  This increase may have been attributable to the increased production known in the first few years following lake formation or raising.  The level of Lake Onslow was raised in October 1982 (see Section 2.1).



Spinning (or threadline) was the predominant method of catching fish in Lake Onslow (0.39 fish per hour) with bait fishing next most successful (0.13 fish per hour).  Although fly fishing is undertaken, these data indicate poor success with this method.



Data from seven limit bags (i.e. 10 fish each) obtained during the Teviot Angling Club's competition held at Lake Onslow on 11 December 1983, indicated an average weight of 1.08 kg and average length of 473.2 mm.  In all, 31 anglers caught 117 fish with 75.7% of all anglers catching at least one fish.  Catch rates and averages sizes of brown trout caught in Lake Onslow increased between 1976-80 and 1983-84 although the percentage of anglers with fish declined (Table 7).  Fly fishing has become more effective and the catch rates of other fishing methods have also increased.  Spinning remains the most effective technique.



Lower Clutha recreation survey



Whiting (1986) undertook various recreational and angling surveys in the lower Clutha catchment in 1983-84 as part of the assessment of hydroelectric potential in the area.  One of these involved a "local angler attitude and preference questionnaire" which was completed by 34 members of the Teviot Angling Club at their Annual General Meeting on 19 September 1984.



Whiting (1986) collated fishing localities into 12 groups (Table 8) and summarised the reasons given by anglers for their preferences.



Lake Onslow was the most popular locality for members of the Teviot angling Club, considered important by 23 anglers, and was rated highly for size of fish, catch rate, area of fishable water, proximity to home and access to the water (Table 8).



Whiting (1986) noted that "Lake Onslow appeared to be important because of its successful fishing record", which was attributed to the production of large numbers of fish due to enrichment following the raised water level from the new CEL dam.















Table � SEQ Table \* ARABIC �8�:  Important fishing localities, and reasons for their importance, for members of the Teviot Angling Club 1984.  Localities are listed in decreasing order of importance.  After Table 50 in Whiting (1986).�������������Noted by anglers as important��Close to where they live�Easy access to water�Large area of fishable water�Scenic beauty�Good catch rate�Good size of fish�Other *��Rank��No�%���������1�Lake Onslow�23�26.1�13�11�14�1�16�17�2��2�Clutha River (Roxburgh dam to Island Block)�13�14.8�12�10�5�4�4�6�2��3�West Coast and Southern Lakes Rivers�11�12.5�-�1�5�10�3�6�2��4�Poolburn Dam�10�11.4�2�5�4�-�6�6�3��5�Lake Hawea�8�9.1�-�5�5�4�3�5�2��6�Pomahaka River�5�5.7�2�2�1�4�-�3�1��7=�Lakes Wakatipu, Wanaka & Te Anau�4�4.5�-�1�4�3�4�4�-��7=�Manorburn and Falls Dam�4�4.5�-�2�2�-�2�2�-��9=�Clutha River outlet�3�3.4�-�-�2�1�1�3�1��9=�Lake Roxburgh�3�3.4�3�2�2�-�-�1�-��11=�Mataura River�2�2..3�-�-�1�-�2�1�-��11=�Teviot River�2�2.3�2�2�2�-�2�-�-���Total�88�100�34�41�47�27�43�54�12���% of all reasons���13.2�15.9�18.2�10.5�16.7�20.9�4.6��������������*  Other reasons mentioned were:  hut facilities, clear water, salmon, fly-fishing water, competition and "being there".�����������

Anecdotal information



During field work on 1 March 1993 we encountered an angler who was staying in one of the huts at Lake Onslow.  His preferred method was catch and release fly fishing and he enjoyed good success.  He claimed that brown trout in Lake Onslow fed predominantly on waterboatmen and chironomid midge pupae.  Cicadas also were popular according to their seasonal availability.



4.1.2	Angling in the Teviot River



National Angler Survey



Limited information on the fisheries values of the Teviot River resulting from angler surveys undertaken during the 1978/79 fishing season was included in Richardson et al. (1984). 



Ten respondents fished the Teviot River during the 1978/79 fishing season.  Only 11 of the 41 rivers included in the survey had fewer respondents.  The 10 anglers who fished the Teviot made a total of 41 visits to the river.  Of the total of 13,175 respondent angler visits to Otago rivers during the 1978/79 season only 0.31% (n=41) were made to the Teviot River.  This ranked 33rd of the 41 rivers.  Detailed analyses and discussion were made only for the top 23 rivers - the Teviot was not one of these.

Information on the quality of the fish populations in the Teviot River was compiled by Richardson et al. (1984).



Catch rate:	Sixty percent (n=6) of the respondents recorded a low or relatively low catch rate (i.e. the number of fish caught in a certain time).  Twenty percent (n=2) regarded the catch rate as average and 20% (n=2) outstanding.

Size:	Most respondents (60%, n=6)  caught fish between 230 mm and 530 mm.  Two anglers reported catching trout between 530 mm and 650 mm and two less than 230 mm.



Most fishing was undertaken in the headwaters (n=7) with the middle reaches (n=4) and lower reaches (n=2) less well utilised.  [N.B.  Some anglers fished more than one reach].



There clearly was a divergence of opinion on the overall importance of the Teviot River trout fishery amongst those respondents who fished the river.  Three anglers regarded the fishery as insignificant, six as average and one as exceptional.



The number of anglers responding to the survey who fished the Teviot River is really too small for the results to be reliable.  It is for this reason that Richardson et al. (1984) did not subject these data to the further analyses that were undertaken for the 23 most utilised Otago rivers.



Lower Clutha recreation survey



Whiting (1986) recorded that the Teviot River was important to only two anglers who lived nearby, and reported good catch rates, easy access and a large area of fishable water.  The Teviot River was not considered important for the size of fish or scenic beauty.



Teviot Angling Club fishing competition



The Teviot Angling Club held a fishing competition on the Teviot River on 27 February 1993.  Table 9 and Figure 4 summarise the results based upon the brief report by Dungey (1993) and more detailed catch data that were supplied by the Angling Club in late June 1993 to CEL.



Nine anglers took part in the competition and fished for a total of 60 hours and 25 minutes, with individual anglers spending between 2.5 h (angler #2) and 9 h (anglers #6 & #7) fishing on the river.



Dungey (1993) noted that the 75 trout caught and measured during the competition ranged in size from 90 mm to 595 mm with the majority being approximately 275 mm.  The size limit was 200 mm.  Dungey (1993) noted that fry were usually 50 - 70 mm, yearlings around 120 mm and that the fish around 275 mm probably belonged to the 2+ year class.  The three large fish caught may have been about 6 years old, although otoliths would be required for accurate ageing of these older fish.  However, our ageing of trout from the Teviot catchment using otoliths (see Section 4.1.6) suggests that Dungey’s (1993) age estimates may apply to fish from the mainstem of the Clutha River, but may be considerable under-estimates of the ages of fish in the Teviot River.

Table � SEQ Table \* ARABIC �9�:  Results of the Teviot Angling Club fishing competition held on the Teviot River on 27 February 1993.������Angler�Takeable fish�����No.�Length (mm)�No.�Method�Time spent fishing (h)��1�340, 275, 265, 265, 250, 225�6�Veltek & Artificial cicada�

8.0��2�230�1�Worm�2.5��3�325, 315, 270, 265, 260, 260, 260, 255, 250, 235�10�Dry fly�6.9��4�300, 290�2�Artificial trout�6.9��5�285, 280, 275, 275, 270, 270, 265, 260, 230, 225�10�Green humpy�6.9��6�595, 555, 275�3�Veltek�9.0��7�590, 340, 325, 315, 295, 290�6�Veltek�9.0��8�310, 275, 240, 225, 225�5�Veltek�3.0��9�325, 265, 260, 255, 240, 235, 215, 215�8�Minnow�8.0��

A total of 51 takeable fish were caught by the nine anglers in the fishing competition with an average catch rate of 0.85 fish per hour.  Catch rates for individual anglers ranged from 0.23 (angler #4) to 1.66 (angler #8) fish per hour.



�

Figure � SEQ Figure \* ARABIC �4�:  Frequency histogram of fork lengths of brown trout caught from the Teviot River during the Teviot Angling Club fishing competition held on 27 February 1993.

The overall catch rate of 0.85 fish per hour is very high and is in marked contrast with the suggestion that catch rates for trout in Otago waters tend to lie most frequently between 0.1 and 0.2 fish per hour (Scott & Watson 1980, cf. also Table 7).  Whiting (1986) and Pack & Jellyman (1988) reported catch rates of 0.21 brown trout per hour from angler diary data from the lower Clutha River for the 1983/84 fishing season.



The very high catch rate from the Teviot River - as determined from the Teviot Angling Club fishing competition data - clearly is significantly higher than most other studies indicate should be the case.  Scott & Watson (1980) noted that angler diaries tended to yield much greater catch rates than creel censuses due, they believed, to consistent differences between the methods.  Pack & Jellyman (1988), drew a similar conclusion, and suggested that any diary scheme may be somewhat more selective than creel census interviews because a higher rate of return of diaries was likely from the more interested and probably better skilled anglers.



It is known that large (and statistically significant) variations in catch rates can be related more to the methods used for their determination than to real differences in the quality of trout fisheries (Scott & Watson 1980, Pack & Jellyman 1988).  Dungey (1993) noted that the Teviot Angling Club, by virtue of club membership, comprises anglers with a high level of interest in angling.  The very high average catch rate recorded from the Teviot River during the fishing competition is almost certainly due, in large part, to the high level of skill and familiarity with the river of the nine anglers who took part.  Dungey (1993) also noted that a creel survey would canvass a range of angling skill (and hence produce lower catch rates), although given the remoteness of the Teviot River, he felt that only skilful anglers would make the effort required to fish it.



Most trout caught during the fishing competition were less than 300 mm in length.  This supports the view held by the Teviot Angling Club, echoed by Dungey (1993), that the brown trout population in the Teviot River is dominated by small fish and is consistent with data from fish population surveys (see Section 4.1.2.2).  However, it is not uncommon to catch trophy size trout from the river (Table 9, Figure 4).  The largest fish (5 kg) known from the river was caught by Mr J. Ferris in 1991 (Dungey 1993).



Anecdotal information



Anecdotal information on the fisheries values of the Teviot River was provided to CEL by Dan Rae, a local farmer and a member of the Teviot Angling Club and the Otago Fish and Game Council (pers. comm. to Peter Mulvihill, CEL, 13 October 1992).  Mr Rae claims to have a good knowledge of fishing in the Teviot River and Lake Onslow.  His main points regarding the Teviot River fishery are summarised below:-



�SYMBOL 183 \f "Symbol" \s 10 \h�	many small fish with one or two larger ones in the deeper holes;

�SYMBOL 183 \f "Symbol" \s 10 \h�	below proposed station:  holes restricted to major bends of the river;

�SYMBOL 183 \f "Symbol" \s 10 \h�	power-house - dam site:  several large pools with 3-4 lb (1.4 - 1.8 kg) trout in them but difficult to access;

�SYMBOL 183 \f "Symbol" \s 10 \h�	above dam site:  productive pools below most small drops in the river that produce 3 - 4 fish up to 4 lb (1.8 kg) in weight;

�SYMBOL 183 \f "Symbol" \s 10 \h�	most trout were between 1 and 3 lb (0.5 - 1.4 kg);

�SYMBOL 183 \f "Symbol" \s 10 \h�	great place to teach fly fishing as there were many small fish to catch.



4.1.3	Fish population surveys in Lake Onslow



On 7 April 1983 the Otago Acclimatisation Society placed two set nets in Lake Onslow.  One net was placed near the confluence with Boundary Creek in the southernmost corner of the lake, and the other was set near the old pylon road (presumably at the northern end of the lake).  The nets were left overnight.  The mesh size of the nets was not specified.

The results are summarised in Table 10 (with data from both nets combined).



Average lengths of brown trout captured by netting in Lake Onslow on 7-8 April 1983 were slightly greater than lengths calculated from creel census data (i.e. 373 mm &  428 mm - see Table 7), but similar to the mean length (473.2 mm) of fish caught during the Teviot Angling Club fishing competition on 11 December 1983 (see section 4.1.1).  Both techniques (i.e. fishing and netting) are likely to be selective.  Creel census data included only fish of takeable size and the gill net would not capture small fish that could pass easily through the mesh.



Table � SEQ Table \* ARABIC �10�:  Numbers, weights and lengths of 48 brown trout captured by gill netting overnight on 7-8 April 1983 in Lake Onslow.���������Number��Weight (kg)���Length (mm)����Males�Females�Minimum�Maximum�Mean�Minimum�Maximum�Mean��29�19�0.800�4.800�1.341�390�725�460.7��

4.1.4	Fish population surveys in the Teviot River



Existing information



Boud & Cunningham (no date but probably in the mid 1960s) attempted to determine the reasons for the small size of trout in the Teviot River.  They tried to net trout from the mainstem of the river, but this was not successful due to the rocky nature of the stream bed.  Instead, a total of 102 trout were sampled by angling.  Fish lengths ranged from 127 mm (5") to 279 mm (11") with a mean length of 182.9 mm (7.2") and were reported to be in "fair" condition.  They noted that larger fish (3.6 - 4.5 kg or 8 - 10 lb) had been seen or caught previously in the river, and they observed two fish between 0.7 and 0.9 kg (1.5 - 2 lb).



Boud & Cunningham (no date) also assessed spawning conditions in the Teviot catchment.  They concluded that trout were able to spawn in parts of the Teviot River itself - notably in "Reach 2" (see section 3.1) which extended downstream of Luncheon Creek   They attributed the small size of trout in the Teviot River to insufficient food.



NIWA's Freshwater fisheries database (as at 4 February 1997) has 3 records for the Teviot catchment (in addition to those derived from our sampling).  Prior to our surveys, longfinned eels (Anguilla dieffenbachii), brown trout (Salmo trutta) and rainbow trout (Oncorhynchus mykiss) were known from the lower reaches of the Teviot near the Roxburgh-Millers Flat hydro road; common bullies (Gobiomorphus cotidianus) and brown trout were recorded from Lake Onslow and from the North Branch of the Teviot River upstream of Lake Onslow; and roundhead galaxids (Galaxias anomalus), were recorded in a small tributary upstream of Lake Onslow.



The regional fisheries management organisation (Otago Fish and Game Council) does not have an extensive fisheries database for the Teviot River (Ross Dungey pers. comm. to Peter Mulvihill, CEL, 10 December 1992).  





Our surveys



Despite the fact that we spent a total of almost three hours electric-fishing on 11 September 1992 at four sites on the Teviot River and one on Luncheon Creek, only 19 fish were recorded.  It probably was too early for fry to have emerged.  [In the headwaters of the Kakanui River at a similar latitude and altitude, fry had not emerged by October (Dr John Hayes pers. comm.)].  All were brown trout (Salmo trutta) between 60 mm and 135 mm in length (Table 11, Figure 5).  No other species of fish were seen or captured.  River conditions were well within acceptable limits for electric fishing.



Table � SEQ Table \* ARABIC �11�:  Brown trout (Salmo trutta) recorded by electric fishing in the Teviot catchment in September 1992, March 1993, and March 1996 .  Fishing was undertaken with a backpack machine for 30 - 45 minutes at each site.  See Tables 4 & 6 for site locations.������Site�Date�Area fished (m2)�No.�Fork lengths of brown trout captured (mm)

(N.B. Not all fish seen were captured)��������Teviot River below Lake Onslow�1/3/96�40�33�84, 82, 80, 73, 3 @ 72, 3 @ 70, 68, 64, 63, 2 @ 62, 61, 58, 56, 3 @ 53��Teviot River (T1)�11/9/92�30�5�5 @ 75.���1/3/93�50�17�135, 130, 100, 90, 80, 70, 2 @ 65, 5 @ 60, 55, 3 @ 50.��Teviot River (T2)�11/9/92�30�3�3 @ 75���1/3/93�50�14�2 @ 80, 2 @ 75, 4 @ 70, 3 @ 60, 2 @ 50, 45.��Teviot River (T3)�11/9/92�30�4�4 @ 65 - 100.���1/3/93�50�12�180, 150, 100, 2 @ 70, 4 @ 65, 2 @ 50, 40.��������Teviot River (T7)�11/9/92�30�2�120, 60.���1/3/93�30�23�150, 80, 8 @ 70, 8 @ 60, 2 @ 55, 3 @ 50.��Luncheon Creek�11/9/92�30�5�5 @ 60 - 135.���1/3/93�30�51�220, 180, 2 @ 140, 2 @ 130, 7 @ 120, 4 @ 110, 

2 @ 100, 75, 6 @ 70, 2 @ 65, 8 @ 60, 55, 2 @ 50.��Pinelheugh Creek�1/3/93�50�31�2 @ 200, 190, 180, 165, 160, 130, 120, 115,110, 75, 7 @ 70, 10 @ 60.��Tributary #1�1/3/96�33�22�210, 170, 160, 2 @ 140, 122, 120, 119, 116, 103, 103, 98, 96, 93, 2 @ 90, 82, 66, 62, 61, 60, 57��Tributary #2�1/3/96�40�9�142, 140, 130, 120, 105���1/3/96�80�4�160, 145, 130, 55��Tributary #3�1/3/96�120�28�210, 2 @ 200, 198, 170, 155, 146, 2 @ 140, 135, 134, 2 @ 130, 104, 103, 85, 75, 72, 66, 64, 5 @ 60, 58, 55, 50��Tributary #4

(below falls)�1/3/96�120�26�200, 130, 120, 110, 100, 90, 20 @ 50 - 70��Tributary #5�1/3/96�70��steep falls prevent fish access��Tributary #6�1/3/96���too steep��

Although water conditions appeared similar on 1 March 1993 to those in September 1992, electric-fishing was much more successful (Table 11, Figure 5).  A total of 148 brown trout were recorded from the six sites sampled on that date.



The size frequency distributions of brown trout were similar on the two sampling dates (although data from September were rather sparse).  Most fish collected (58%) were between 60 mm and 75 mm fork length.  According to Dungey (1993), these would be classified as “fry”.



Brown trout populations in the Teviot catchment do not have access to the Clutha River (into which the Teviot River flows) due to existing hydro-electric dams and so must be resident within the system.  The size of fish captured indicates that there is natural reproduction within the system.  Boud & Cunningham (no date) suggested that the middle reaches of the Teviot River (i.e. Reach 2, which extends 9.4 km downstream of Luncheon Creek) contained suitable spawning gravels, although we saw little evidence of this, it is also apparent that tributary streams such as Luncheon Creek are important spawning areas.  It is possible that existing dams on the system (particularly the Onslow Dam) may have beheaded the gravel supply to the lower reaches of the river.  A lake resident population exists in Lake Onslow (presumably with spawning in lake tributaries where-ever suitable gravels are present).

�

Figure � SEQ Figure \* ARABIC �5�:  Frequency histogram of fork lengths of brown trout captured by electric fishing in the Teviot River catchment on 11 September 1992, 1 March 1993 and 1 March 1996.  Raw data are given in Table 11. 



The limited numbers of trout recorded in the Teviot River mainstem suggests that the trout population in the Teviot catchment is modest at best.  Higher densities were found in Luncheon Creek (three fish were recorded in the first sweep!), adding some weight to the contention that such tributaries may be important nursery streams.  The apparent absence of fish greater than 300 mm in length is not surprising as electric-fishing is not an effective technique for capturing large trout in rivers more than 2 or 3 metres wide.



4.1.5	Spawning potential of tributary streams



A potential concern regarding the construction of a dam at Horseshoe Bend is the barrier to upstream trout movements that this could represent.  There are already three such barriers on the Teviot River system (MWD Dam, Marslin Dam, & Onslow Dam) (Figure 1).  Given that trout spawning habitat may be limited (but certainly not entirely unavailable) in the Teviot mainstem, tributary streams are potentially important for maintaining trout populations in the catchment.



Construction of the dam at Horseshoe bend will effectively prevent trout produced in the Teviot River and tributaries (such as Pinelheugh Creek & Luncheon Creek) between Marslin Dam and Horseshoe Bend from populating the new impoundment and the Teviot River upstream of it to the base of the Onslow Dam.  If trout populations are to be maintained between Horseshoe Bend and the Onslow Dam then one or more of the following must hold:-

there must be sufficient suitable trout spawning and juvenile rearing habitat present in the Teviot River and tributaries between Horseshoe Bend and Onslow Dam

upstream fish passage would need to be provided past the Horseshoe Bend Dam (i.e. via a fish pass)

stocking of the new impoundment may be required



Six unnamed tributary streams have been examined between Horseshoe Bend and Onslow Dam with respect to their suitability as trout spawning and rearing habitat.  The locations of their confluences with the Teviot River are noted on Figure 3.



Tributaries #1 and #3 appeared most similar in character to the spawning streams examined downstream of Horseshoe Bend (viz. Luncheon Creek & Pinelheugh Creek).  Suitable gravels were plentiful and good cover was provided by large rocks and overhanging riparian tussocks.  The Teviot River near the outlet of Lake Onslow also had significant gravel deposits, which may have been the result of dam construction.  A local farmer, Dan Rae, has observed trout spawning in this area.



In contrast, tributaries #2, #4 and #5 all have deficiencies which may limit or prevent their use by trout as spawning and juvenile rearing habitat.  Tributaries #2 and #5 both have bedrock (schist) substrates with very little suitable gravels for spawning.  Tributary #2 also has a waterfall, near its confluence with the Teviot, which may prevent fish accessing its upper reaches.  Tributary #4 has some gravel, but the stream is very steep - a feature shared also with Tributary #5.



4.1.6	Age of brown trout in the Teviot catchment



On 1 March 1996, when Teviot River tributary streams upstream of Horseshoe Bend were electric-fished, selected brown trout of various sizes were retained for ageing by counting growth rings in otoliths (ear bones).  Eleven fish ranging in length from 51 mm to 202 mm were collected, and eight of these were aged (Table 12).  



The resulting growth curve is plotted on Figure 6 together with similar information from the lower Clutha - Lake Roxburgh, and a small tributary of the Taieri River (Sutton Stream) (Pack & Jellyman 1988; Huryn 1996).



Sutton Stream is at an altitude of around 600 m. with a mean discharge of 175 l s-1 and an annual range in average daily water temperatures from 0.0 oC to 19.5 oC (average 6.2 oC).  Brown trout, introduced before 1890, are the only fish present and they are not harvested by anglers.  Benthic macroinvertebrate abundance in Sutton Stream was approximately 15,200 animals m-2, with chironomids (32%), Oligochaetes (19%), caddisflies (12%), Potamopyrgus (10%), and mayflies (8%) dominating community composition (Huryn 1996).

The situation in tributaries of the Teviot River between Horseshoe Bend and Lake Onslow is likely to be extremely similar to that in Sutton Stream.  The altitude (580 - 680 m) is close to that for Sutton Stream, suggesting that the temperature regime may also be similar.  Quantitative macroinvertebrate data from Luncheon and Pinelheugh Creeks suggest that macroinvertebrate densities range from 7120 to 18440 animals m-2 (mean 12,002 animals m-2) (Appendix 2).  Dominant macroinvertebrates included caddisflies (31%), Potamopyrgus (24%), chironomids (22%), and mayflies (15%) (Appendix 2).



In contrast, the temperature regime of the lower Clutha River, with buffering by the large water volumes in hydro-electric lakes upstream, is less extreme than that of upland tributaries like those of the Teviot River and Sutton Stream. The annual range of water temperatures for the lower Clutha River at Balclutha, for example, is from 5.5 oC to 17.1 oC (Mosley 1982).



Pack & Jellyman (1988) provided data on brown trout populations in the Lower Clutha River and Lake Roxburgh that indicated that brown trout attained mean fork lengths of 71 mm by 3 months, 107 mm at six months, 163 mm at 1 year and 246 mm at 2 years.  There was, however, considerable variation (which also increased with age) about the means.



The water temperature regime, particularly over the summer growing period for brown trout (October - April) is almost certain to be the major cause of differences in brown trout growth rates between the lower Clutha River and upland tributaries of the Teviot catchment.  The marked similarity between the environmental conditions in Sutton Stream (including the trout food resources) and the Teviot tributaries, is reflected in similar growth rates (Figure 6).  Although data on age have not been collected for brown trout from the Teviot River mainstem, it is likely that growth rates will be faster than in the tributaries (due to the temperature moderating influence of lake Onslow), but still some way from the growth evident in the Clutha River.



Huryn (1996) concluded that the population of brown trout in his study reach in Sutton Stream was “stunted and nonmigratory”.  No fish greater than 250 mm were encountered in over four years of study, and no marked fish were recovered from locations outside the 400 m study reach.



Similarly, in tributaries of the Teviot River we have found adult brown trout up to 220 mm in length (Table 11).  These fish are essentially the same size at age as those from Sutton Stream and may also be regarded as “stunted”.  The fact that adult fish were recorded in such tributaries also suggests that they are resident there.



The presence of resident adult trout populations in tributary streams of the Teviot River suggests that (upstream) movement of trout throughout the system is not important for maintenance of existing populations.  As well as the existing dams, there are innumerable natural barriers to upstream passage of trout and, therefore, that the presence of another one (i.e. the Horseshoe Bend Dam) is unlikely to affect trout populations in the system significantly.  It is likely that trout fry disperse from their natal tributary streams (due perhaps to overcrowding) into the Teviot mainstem, where they will add to fish populations able to be exploited by anglers.  Furthermore, there is evidence of downstream movement of trout in the Teviot River mainstem itself.  On 13 December 1996 we found a brown trout in the pool below the Marslin Dam.  A few metres further downstream is a natural waterfall that would be a very effective barrier to upstream movement of trout.  The temperature regime in the mainstem will also cause the fish to grow faster than in the tributaries and this, together with a switch to piscivory as the trout grow larger, must explain how the Teviot River can produce the occasional trout over 400 - 450 mm in length (Figure 4, Table 9).



Table � SEQ Table \* ARABIC �12�:   Length, weight, and age, of brown trout caught in tributaries of the Teviot River between Horseshoe Bend and Lake Onslow (1 March 1996).  Ages were determined by analysis of otoliths.  Asterisks indicate estimated ages.��Fish Number�Length (mm)�Weight (g)�Age (years)��1�202�104.5�4+��2�194�94.3�3+��3�155�46.1�3+��4�129�28.4�2+*��5�99�13.7�1+��6�61�2.7�0+*��7�60�2.4�0+��8�58�2.5�0+��9�58�2.3�0+��10�57�2.1�0+��11�51�1.9�0+*��

�

Figure � SEQ Figure \* ARABIC �6�:  Growth rates of brown trout in tributaries of the Teviot River (between Horseshoe bend and Lake Onslow), Sutton Stream in the Taieri River catchment (Huryn 1996), and the lower Clutha River - Lake Roxburgh (Pack & Jellyman 1988).  The predicted growth rate of trout for Teviot River tributaries has been modelled using Elliott’s et. al (1995) growth model (see text for explanation).

We have attempted to model the growth rates of brown trout in tributaries of the Teviot River by applying Elliott’s et. al (1995) “new, improved” growth model.  Several assumptions have been made:-

In the absence of data on the annual temperature regime of Teviot River tributaries we have used data from the upper Taieri River catchment (Site 74314: Mosley 1982).



The growth model predicts growth based upon maximum rations (i.e. food is assumed not to be limiting).



We have corrected for reproductive losses from Year 3 onwards by subtracting 18% of the weight and 46% of the energy according to methods described by Lien (1978) and Hayes (1996).



Brown trout growth rates are determined primarily by the temperature regime of the system, with food availability of secondary importance.  Larger fish can be limited by water clarity.  Trout growth rates in the lower Clutha River and Lake Roxburgh are much faster than in the Teviot River tributaries or in Sutton Stream.  The fact that predicted growth rate in the Teviot tributaries exceeds the observed rate indicates that food is likely to be limiting trout growth (assuming that we have selected an appropriate temperature regime).



In the mainstem of the Teviot River, growth rates are likely to be faster than those in tributary streams due to the moderating influence of Lake Onslow on the temperature regime of the river.  Certainly, occasional very large fish have been recorded (up to 595 mm - see Table 9 & Figure 4), however, these fish are likely to be very old (perhaps 12 years) and must also have switched from a diet of macroinvertebrates to one of small fish (e.g. trout fry, bullies, and galaxiids).  For brown trout to exceed 250 mm in the Teviot catchment they would need to migrate into the mainstem and feed upon fish (instead of, or as well as macroinvertebrates).  As a general rule, the optimal size of a prey item for a trout is approximately 10% of its own length.  Comparison of the actual growth rates of brown trout in Teviot River tributaries with those predicted (Teviot tribs.  - model) supports the contention of Boud & Cunningham (no date) that brown trout in the Teviot River catchment may be food-limited.



4.1.7	Non-salmonid fish and freshwater crayfish



As noted in Section 4.1.4, NIWA's Freshwater fisheries database has records for only three sites in the Teviot catchment:  one downstream of all of CEL’s power schemes near the confluence with the Clutha River, one in Lake Onslow itself, and the third upstream of the power schemes in a tributary of Lake Onslow.  Longfinned eels (Anguilla dieffenbachii), brown trout (Salmo trutta) and rainbow trout (Oncorhynchus mykiss) are known from the site in the lower reaches of the Teviot, with brown trout and common bullies (Gobiomorphus cotidianus) known from the North Branch (upstream of Onslow).



The only native fish recorded during our surveys were common bullies in the Teviot River immediately downstream of the Onslow Dam, and a non-migratory population of Galaxias anomalus above some falls (which prevent trout access) in Tributary #4�.  Galaxias anomalus have also been recorded in 1996 by DoC personnel in a small tributary of Lake Onslow (Infomap 260 G43: 22451 55133).  Lake Onslow has a resident population of common bullies (although sea-going migratory populations also exist - McDowall 1990).  Common bullies in the Teviot River are derived from the Lake Onslow population and will inevitably colonise the new reservoir at Horseshoe Bend. 



McDowall & Wallis (1996) discuss the complex of different species previously lumped as Galaxias vulgaris (common river galaxias).  It is now believed that Galaxias vulgaris is present in and north of the Waitaki catchment, and that south of the Waitaki catchment there are at least three or four other species, two of which have been described.  The two described species are Galaxias anomalus (“roundhead galaxias”) Stokell, and a new species Galaxias depressiceps (“flathead galaxias”) (McDowall & Wallis 1996).  Galaxias anomalus appear to be present rhoughout Otago and Southland in diverse habitats.  McDowall & Wallis (1996) provide the following habitat notes:



“G. anomalus is found in diverse habitats in sub-montane to lowland Otago and Southland, in forested or tussock/grassland catchments.  Often in small, slow-flowing, deep, entrenched, drains and creeks with fine sandy/gravel substrates, where the fish are found within marginal cover and vegetation, or within or beneath large instream debris such as macrophyte beds and logs.  But also present in swifter-flowing, shallow, bouldery-gravel to cobble streams where the fish are found beneath substrate boulders and amongst marginal debris and cover.  The type locality [small spring outlet ditch crossing the Ophir-Omakau Road near Ophir Hotel] is a deep, gently-flowing, weedy drain, but the species also lives in the type locality stream of G. depressiceps, which is a swift-flowing, bouldery stream.”



Table � SEQ Table \* ARABIC �13�:  Non-salmonid fish and freshwater crayfish recorded from Teviot River and tributaries in March 1996.��Site�Date�Area fished (m2)�Species�No. @ length (mm)��Tributary #2�1/3/96�40�Paranephrops zealandicus�1 @ 130�����(koura)���������Tributary #3�1/3/96�120�Paranephrops zealandicus)�1 @ 160�����(koura)���������Tributary #4

(above falls)�1/3/96�5�Galaxias anomalus�6 @ 62 - 83��������Teviot River below Lake Onslow�1/3/96�40�Gobiomorphus cotidianus

(common bully)�43, 47, 48, 50, 57��

It is believed that Galaxias anomalus typically form resident populations and do not need to migrate to the sea like most of our whitebait species.  In the Teviot catchment, Galaxias anomalus have been recorded from three locations, but are likely to be more widespread than this.  Townsend (1996) has found that closely related fish to Galaxias anomalus (Galaxias vulgaris and Galaxias new sp.) never reach high densities in the presence of trout, although their data from the Taieri catchment suggests that G. anomalus may be better able to coexist with brown trout that the others.  However, Townsend (1996) did not find high densities of G. anomalus (e.g. over 4 - 6 fish m-2) anywhere in the Taieri catchment (cf. Teviot tributary #4) irrespective of whether trout were present or absent.  We did not find G. anomalus coexisting with brown trout in the Teviot catchment, and do not believe that they would reach high densities where trout are present. 



4.1.8	Summary



Lake Onslow has a brown trout fishery notable for the high percentage of anglers who catch fish and the relatively high catch rates, although fish are only of moderate size.  It was regarded as an "important" fishery by 23 of the 34 members of the Teviot Angling Club surveyed in 1984 (Whiting 1986).



The Teviot River is notable for its brown trout population dominated by small fish (<300 mm), although large trout (>500 mm) are caught occasionally.  To reach this size, these fish must have switched from feeding mainly on drifting macroinvertebrates to a predominantly piscivorous diet.  Trout growth rates are very slow in Teviot River tributary streams, possibly due to food limitation as well as the temperature regime, with fish taking five years to exceed 200 mm in length, although faster growth rates are likely in the mainstem, where temperatures are moderated by the influence of Lake Onslow upstream.  The fishery generally is not regarded as "important", except by a very small number of fishermen who live nearby.  Only two (of 34) members of the Teviot Angling Club surveyed in 1984 regarded the fishery as "important" (Whiting 1986).



Information on the fisheries values of the Teviot River resulting from angler surveys undertaken during the 1978/79 fishing season was compiled by Richardson et al. (1984).  Only 10 anglers fished the Teviot River and of the total of 13,175 respondent angler visits to Otago rivers during the 1978/79 season only 0.31% (n=41) were made to the Teviot River.  This ranked 33rd of the 41 rivers included in the survey.



Existing information suggests that the river is not highly utilised for recreational fishing, and, on balance, the fishery is below average in importance.



Otago Fish and Game Council have indicated that further information needs to be collected on the merits of the Teviot River fishery.  However, given that CEL plans for possible hydro-electric development are now widely known, we believe that it would be difficult to obtain unbiased estimates of fisheries values that involve opinion (rather than objective measurement) from angler surveys.  For this reason also, we believe that the earlier recreational angler surveys (i.e. Richardson et al. 1984, Whiting 1986) are likely to be a more unbiased reflection of the fisheries values of the Teviot catchment, than would be gained by repeating these surveys.  Given the present plans for further hydro-electric development in the catchment, it is almost certain that anglers would now value the river more highly.



Existing hydro-electric development on the Teviot River prevents upstream migration of brown trout except between the various dams on the system.  The presence of trout fry indicates natural reproduction within the system, and stunted adult trout appear to have formed resident populations in many of the tributary streams.  The small size at age of tributary trout populations suggests that food may be limiting growth rates and maximum sizes.  Some suitable gravels are present in the Teviot mainstem, and tributary streams (such as Luncheon and Pinelheugh Creeks) are important spawning areas (as well as providing habitat for juvenile and adult fish).  The Lake Onslow population is sustained by spawning in lake tributaries, and it appears that the trout population in the proposed Horseshoe Bend impoundment could also be maintained by spawning in the Teviot River itself or in several of the tributary streams which enter the Teviot River between Horseshoe Bend and Lake Onslow.  However, the most convincing argument against the need to provide a fish pass for trout at Horseshoe Bend is the fact that the Teviot River below Horseshoe Bend has a multitude of natural falls and extremely high water velocities that would effectively prevent trout from migrating upstream through the system.  Therefore, a fish pass on the Horseshoe Bend dam or a stocking programme should not be required.



Native fish known from the Teviot River catchment are unlikely to be affected adversely by the proposed Horseshoe Bend power development.  The new impoundment will provide habitat for the establishment of a lake resident population of common bullies (as exists already in Lake Onslow), and Galaxias anomalous populations will remain in tributary streams upstream of falls, which prevent trout access.
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Figure � SEQ Figure \* ARABIC �7�: Typical habitat of Tributary #1.  The stream has a gravel bottom and flat gradient and is approximately 1.5 m wide.













































Figure � SEQ Figure \* ARABIC �8�:  Typical habitat of Tributary #2.  The stream has a hard schist bottom with very little gravel and is approximately 2 m.

















































































































































































Figure � SEQ Figure \* ARABIC �9�: Typical habitat of Tributary #3.  The stream has a gravel bottom and shallow gradient and is 1.5 - 2 m wide.













































Figure � SEQ Figure \* ARABIC �10�: Tributary #5.  This small stream has a rock bottom with very little gravel and a steep gradient.



























�4.2	Macroinvertebrate Communities



4.2.1	Teviot River - previous information



Boud & Cunningham (no date) undertook the earliest macroinvertebrate survey of the Teviot River.  They collected a total of 72 "square-foot" samples (almost equivalent to present-day 0.1m² Surber samples) from three sections of the river (See Section 3.1).  However, they only identified macroinvertebrates to the major group (Order) level (Table 14).



Table � SEQ Table \* ARABIC �14�:  Percentage composition of invertebrate communities expressed as major groups in three sections of the Teviot River.  Total average densities are given also.  Section 1 was from the Roxburgh East Hydro Road to halfway to Bridge Huts, Section 2 from there to about Luncheon Creek and Section 3 from near Luncheon Creek to the Onslow Dam (After Boud & Cunningham, no date) ������Section 1�Section 2�Section 3��Mayflies�10.2�33.2�29.2��Dobsonflies�<1�<1�<1��Beetles�<1�<1�<1��True flies�2.7�7.8�7.4��Caddisflies�23.5�20.1�15.7��Molluscs�42.3�47.3�46.3��Worms�4.3�4.1�20.4��Number of samples�34�29�9��Average density (No m-2)�2228�2701�1561��

Table � SEQ Table \* ARABIC �15�:  Percentage composition of invertebrate communities in the lower Teviot River 500 m upstream of its confluence with the Clutha River.  Total average densities (No. m-2) are given also. (After Biggs & Shand, 1987) ���Taxon�Mean percentage��Mayflies���  Deleatidium sp.�2.2��Stoneflies���  Zelandobius furcillatus�<0.1��True flies���  Maoridiamesa spp.�2.9��  Orthocladiinae�4.4��  Tanytarsus vespertinus�4.4��Caddisflies���  Aoteapsyche colonica�4.4��  Psilochorema sp.�1.5��  Pycnocentria evecta�1.5��Worms�present but not quantified��Molluscs���  Potamopyrgus antipodarum�77.9��Number of taxa�10��Average density (No. m-2)�725��

Boud & Cunningham (no date) found that macroinvertebrate communities in the Teviot River were dominated by snails (almost entirely Potamopyrgus antipodarum).  Mayflies (10.2 - 33.2%) and caddisflies (15.7 - 23.5%) were also well represented, but most other groups (except worms in Section 3) were present only in low numbers.  Average densities ranged from 1561 to 2701 animals m-2, although, since the mesh size used was not specified, these densities are of limited comparative value.  No data on species richness were presented (because animals were not identified to the species level).



On 21 February 1984, Biggs & Shand (1987) surveyed macroinvertebrate communities in the lower reaches of the Teviot River about 500 m upstream of its confluence with the Clutha River.  Five 0.0625 m2 (0.425 mm mesh) Surber samples were collected from riffle habitat.



Only ten macroinvertebrate taxa were collected from the Teviot River by Biggs & Shand (1985) (Table 15).  Once again, community composition was dominated by Potamopyrgus antipodarum (77.9%) with no other animals contributing more than 5% by numbers to community composition.  Densities were relatively low (725 animals m-2) and only 34% of the mean density recorded by Boud & Cunningham (no date) from Section 1 (which would have included the reach that Biggs & Shand (1985) sampled).



4.2.2	Teviot River - present investigations



4.2.2.1	Explanation of approach to data analyses



Three different macroinvertebrate sampling techniques were required to cope with the range of habitats and conditions encountered in the Teviot catchment.  In Lake Onslow, core samplers (0.0135m2 area) were used, with a handnet sweep at the lake margin.  In the Teviot River, where depths and velocities were suitable (i.e < 0.5m and < 1.5 m s-1), Surber samples (0.1 m2 area) were collected, but in deeper or torrential water a hand-net was used because it was too dangerous or impractical to collect quantitative samples.  Mesh size was 0.5 mm on all samplers.  However, hand nets do not collect animals from defined areas, so densities of animals cannot be determined.  For this reason (and because hand net samples tend to be 3 - 5 times the size of Surber samples), animals are seldom counted, but rather their relative abundances are determined.



In order to use count data  (from core and Surber samples) and relative abundances (from hand-net samples) collected from the Teviot catchment in the analyses that follow, the relative abundances of animals in hand-net samples were converted to numbers by substitution as follows: R = 1, C = 5, A = 20, VA = 100.  These numbers are the thresholds used when processing samples for assigning the relative abundances.  We have also combined the data collected from the Teviot River and it’s tributaries from various times (viz: 7 & 11 September 1992, 1 March 1993, and 29 July 1996) for each of the sampling sites.  This procedure is somewhat unconventional, but we feel that it is justifiable for the reasons given below:-



Preliminary analyses were run using just the quantitative data (from Surber or core samples.  For some sites (e.g. T1, T2, T3 & T7: Appendix 1), semi-quantitative hand-net data were also available.  When these data were recoded, as described above, and the analyses repeated, the results did not differ appreciably from those based upon quantitative data alone.

There is tremendous natural spatial and temporal variation in the relative abundances and densities of macroinvertebrates in lakes, streams and rivers.  The process of collecting samples introduces “error” or imprecision in estimating densities and species richness (because it is impractical to sample the entire community and the samples may not always be truly representative of the habitat sampled).  The “error” associated with recoding relative abundances as described above, and treating them like counts, could easily be much less than the “error” resulting from natural variability and sampling “error”.

Treating each type of data separately could create more confusion for the reader.

It is extremely unlikely that any incorrect or misleading interpretation or conclusion would be reached due to our approach to data analyses.



4.2.2.2	Variety and species richness



Sixty different macroinvertebrate taxa are known from the Teviot River mainstem with 33 recorded from each of the two major tributaries sampled (i.e. Luncheon and Pinelheugh Creeks) (Appendix 2; Table 16). Overall, caddisflies (18 kinds) and true flies (12 kinds) were present in the greatest variety in the Teviot catchment (Table 17).



Six taxa were represented at all seven sites in the Teviot River mainstem.  These were two mayflies (Deleatidium & Austroclima jollyae), orthoclad chironomids, two caddisflies (Hydrobiosis parumbripennis & Pycnocentria evecta) and annelid worms.  A further five taxa were present at six of the seven sites with three of these not recorded from Site T6 in the gorge (the cranefly Aphrophila, the caddisfly Psilochorema nemorale, & the snail Potamopyrgus), one apparently absent from Site T3 (the caddisfly Olinga) and one not collected from Site T5 (the caddisfly Aoteapsyche).  Forty-eight taxa were recorded from four mainstem sites, three from three, 10 from two and 18 only from single sites.



Thirty-six of the 60 taxa recorded from the Teviot mainstem were recorded also from either or both of the tributaries (i.e. Luncheon and Pinelheugh Creeks) sampled (Table 17).  Only three taxa (viz: Zelandobius furcillatus, Costachorema xanthoptera, & Zelolessica cheira) recorded in the tributaries were not found in the Teviot mainstem (Table 17).



Figure 11 depicts macroinvertebrate species richness expressed as mean numbers of taxa per sample.  Mean species richness in the Teviot mainstem ranged from 9.5 taxa per sample (Site T5) to 19.6 taxa per sample (Site T1).  Species richness was higher than average in the two tributary streams with 26 taxa per sample in Luncheon Creek and 30 taxa per sample in Pinelheugh Creek.  The depressed species richness in the Teviot River gorge (especially Sites T5 & T6) is almost certainly due to the torrential and turbulent flow conditions.



Figure 12 records the total number of macroinvertebrate taxa known from each of the sampling sites.  To some extent this is affected by unequal sampling effort, with only 2 - 3 hand-net samples collected from Sites T4 - T6 perhaps partly responsible for the comparatively poor variety of macroinvertebrate recorded from the gorge, although the harsh conditions are likely to be the dominant influence.  Despite the fact that only duplicate samples were collected from each of the tributary streams (Luncheon & Pinelheugh Creeks), the total variety of macroinvertebrates recorded was comparable with sites where much greater sampling effort occurred (e.g. T1 - T3: 6 - 10 samples each).  In general, the greater the sampling effort, the greater the variety of species likely to be found.  Despite, the differences in sampling methods and effort between sites, we believe that the observed between-site differences in species richness are likely to reflect differences between the microhabitats sampled at each of the sites.



Table � SEQ Table \* ARABIC �16�:  Macroinvertebrates known from the Teviot River (TR), Luncheon Creek (LC), Pinelheugh Creek (PC) and Lake Onslow (O) in the Teviot River catchment.  ‘X’ denotes present, ‘-’ denotes not recorded.�������������Code�Taxon�TR�LC�PC�O�Code�Taxon�TR�LC�PC�O���MAYFLIES������CADDISFLIES (cont.)������1�Coloburiscus humeralis�X�X�X�-�40�Neurochorema forsteri�X�X�X�-��2�Deleatidium spp.�X�X�X�X�41�Neurochorema sp.�X�-�-�-��3�Austroclima jollyae�X�X�X�-�42�Oxyethira albiceps�X�-�-���4�Austroclima sepia�X�-�-�-�43�Paroxyethira hendersoni�-�-�-�X���STONEFLIES�����44�Beraeoptera roria�X�X�X�-��5�Austroperla cyrene�X�-�-�-�45�Pycnocentria evecta�X�X�X�-��6�Acroperla n. sp.�X�X�-�-�46�Pycnocentrodes sp.�X�X�X�X��7�Zelandobius furcillatus�-�X�-�-�47�Olinga feredayi�X�X�X�-��8�Zelandoperla decorata�X�-�-�-�48�Confluens olingoides�X�X�-�-��9�Zelandoperla fenestrata�X�-�-�-�49�Hudsonema amabilis�X�-�X�-���DOBSONFLIES�����50�Oecetis unicolor�-�-�-�X��10�Archichauliodes diversus�X�X�X�-�51�Zelolessica cheira�-�X�-�-���DAMSELFLIES�����52�Helicopsyche albescens�X�X�X�-��11�Xanthocnemis zealandica�-�-�-�X�53�ANNELIDA�X�X�X�X���WATER BUGS�����54�NEMATODA�X�X�X�X��12�Sigara sp.�-�-�-�X�55�NEMATOMORPHA�X�-�-�X���BEETLES�����56�NEMERTEA�X�-�-�-��13�Hydraenidae�X�X�X�-�57�PLATYHELMINTHES�X�X�X�-��14�Hydrophilidae�X�-�-�-�58�Temnocephala sp.�X�X�-�-��15�Elmidae�X�X�X�-��SNAILS������16�Antiporus strigosulus�-�-�-�X�59�Lymnaea sp.�-�-�-�X��17�Lancetes sp.�-�-�-�X�60�Physa sp.�X�-�-�X��18�Liodessus sp.�X�-�-�-�61�Potamopyrgus antipodarum�X�X�X�X��19�Scirtidae�X�-�-�-�62�Sphaeriidae�X�-�X�X��20�Staphylinidae�X�-��-��CRUSTACEA�������TRUE FLIES�����63�Amphipoda�X�X�-�-��21�Aphrophila neozelandica�X�X�X�-��Cladocera������22�Tanypodinae�X�-�-�X�64�  Alona sp.�X�-�-�X��23�Maoridiamesa spp.�X�X�X�X�65�  Daphnia carinata�-�-�-�X��24�Orthocladiinae�X�X�X�X�66�  Ilyocryptus sordidus�-�-�-�X��25�Tanytarsus funebris�X�-�-�-��Copepdoa������26�Tanytarsus vespertinus�X�X�X�X�67�  Simocephalus sp.�-�-�-�X��27�Chironomus sp 'a'�X�-�-�X�68�  Cyclopoidea�-�-�-�X��28�Chironomus zealandicus�X�-�-�X�69�  Calanoidea�-�-�-�X��29�Polypedilum sp.�X�-�-�X�70�Ostracoda�X�X�X�X��30�Austrosimulium spp.�X�-�X�-��Decapoda������31�Empididae�X�-�X�X�71�Paranephrops zealandicus�-�-�-�X��32�Anthomyiidae�X�-�-�-��MITES�������CADDISFLIES�����72�Flabellifrontipoda sp.�X�-�-�-��33�Aoteapsyche spp.�X�X�X�-�73�Oribatidae�X�X�X�X��34�Polyplectropus puerilis�X�-��-�74�Pionidae�X�X�X�X��35�Costachorema callista�X�-�X�-��COELENTERATA������36�Costachorema xanthoptera�-�-�X�-�75�Hydra sp.�X�-�-�X��37�Hydrobiosis parumbripennis�X�X�X�-�76�COLLEMBOLA�X�-�-�-��38�Psilochorema nemorale�X�X�X�-�Number of taxa�60�33�33�34��39�Neurochorema confusum�X�X�X�-�Number of samples�36�2�2�19��Table � SEQ Table \* ARABIC �17�:  Numbers of macroinvertebrate taxa within major groups at seven sites in the Teviot River (T1 - T7) and in Luncheon (LC) and Pinelheugh (PC) Creeks based upon data from all samples collected on 7 & 11 September 1992, 1 March 1993 and 29 July 1996 (Appendices 1, 2 & 5).�������T1�T2�T3�T4�T5�T6�T7�LC�PC�Overall��MAYFLIES�4�3�2�2�2�3�3�3�3�4��STONEFLIES�1�1�1�-�1�2�1�2�-�5��BEETLES�4�1�4�2�-�-�3�2�2�6��TRUE FLIES�8�10�10�5�2�2�8�4�6�12��CADDISFLIES�10�13�11�9�6�6�12�12�13�17��SNAILS�3�2�1�2�1�-�2�1�2�3��CRUSTACEA�2�2�1�-�-�-�1�2�1�3��OTHER TAXA�6�7�4�2�1�1�8�7�6�12��Number of taxa�38�39�34�22�13�14�38�33�33�62��Number of samples�7�6�10�3�2�2�6�2�2�40���

Figure � SEQ Figure \* ARABIC �11�:  Mean macroinvertebrate species richness per sample (± standard deviation) at seven sites in the Teviot River (T1 - T7) and in Luncheon (LC) and Pinelheugh (PC) Creeks.  Data from all times and all samples combined (see explanation in Section 4.2.2.1).

�

Figure � SEQ Figure \* ARABIC �12�:  Total numbers of macroinvertebrate species collected from seven sites in the Teviot River (T1 - T7) and from Luncheon (LC) and Pinelheugh (PC) Creeks.  Data from all times and all samples combined (see explanation in Section 4.2.2.1). 



�

Figure � SEQ Figure \* ARABIC �13�:  Macroinvertebrate densities (± standard deviation) at seven sites in the Teviot River (T1 - T7) and in Luncheon (LC) and Pinelheugh (PC) Creeks.  Data from all times and all samples combined (see explanation in Section 4.2.2.1).



4.2.2.3	Densities and relative abundance of major groups



Figure 13 depicts densities of macroinvertebrates at seven sites in the Teviot River and in Luncheon and Pinelheugh Creeks.  Mean densities ranged from less than 450 animals m-2 in the most torrential parts of the gorge (Sites T5 & T6) to over 15,000 animals m-2 in cobble habitat in more stable tributary streams (Site PC).  With the exception of the swift and turbulent gorge section (Sites T4 - T6), which had very low densities of macroinvertebrates, there were no statistically significant differences in densities between other sites (i.e. T1 - T3 & T7) in the Teviot mainstem (t-test, P>0.05).



The high densities of macroinvertebrates in tributary streams highlights their importance as sources of colonists to repopulate mainstem habitats (via downstream drift) after any catastrophic floods that may occur.



Apart from the very low densities in the gorge, these densities are moderate to high for New Zealand streams, but the numerically dominant taxa tend to be small midge larvae which can be an important component of the diet of trout fry, but generally are not preferred by adult fish.  It is possible that the maximum size, and growth rates, of trout in the Teviot are limited by the availability of suitable food.  Although we have not collected macroinvertebrate samples from other tributary streams, most of them will not have macroinvertebrate densities as high as those in Luncheon and Pinelheugh Creeks because many of these streams have beds composed mainly of bedrock, which does not support densities of macroinvertebrates as high as a cobble substrate.

�

Figure � SEQ Figure \* ARABIC �14�:  Macroinvertebrate community percentage composition expressed in terms of major groups of animals at seven sites in the Teviot River (T1 - T7) and in Luncheon (LC) and Pinelheugh (PC) Creeks.  Data from 11 September 1992 and 1 March 1993 have been combined for the Teviot River sites (T1 - T3 & T7).



Figure 14 depicts macroinvertebrate community composition in terms of seven major groups of invertebrates.



Macroinvertebrate communities at Site T1 in the Teviot River were dominated by caddisflies (30%), snails (24%) and true flies (24%).  Dominance by algal-associated true flies became more pronounced further downstream at Sites T2 (62%) and T3 (84%).  Through the gorge, caddisflies dominated (T4: 45%; T5: 62%; T6: 61%), with mayflies (15 - 25%) and true flies (12 - 16%) also contributing significantly to community composition.  At Site T7, caddisflies remained dominant (39%) but true flies (29%) and mayflies (14%) also were important (Figure 14).



Table � SEQ Table \* ARABIC �18�: Percentage composition and overall dominance rank of macroinvertebrates in the Teviot River (T1 - T7), Luncheon (LC) and Pinelheugh Creeks (PC) and Lake Onslow (O) based upon all data in Appendices 1 - 4.  Only taxa comprising >1% by numbers at any of the sites are listed.  * = <0.1%; - = not recorded.����T1�T2�T3�T4�T5�T6�T7�LC�PC�O�Overall��������������%�Rank���Mayflies��������������1�  Coloburiscus humeralis�0.1�*�-�-�-�1.4�0.5�2.8�1.3�-�0.5�18��2�  Deleatidium spp.�11.4�5.5�2.4�10.0�7.4�2.7�5.5�11.7�12.2�*�7.1�4��3�  Austroclima jollyae�2.3�3.0�1.7�14.7�7.4�13.5�2.2�0.7�0.7�-�2.2�9���Stoneflies��������������8�  Zelandoperla decorata�-�-�-�-�-�1.4�-�-�-�-�*�55��9�  Zelandoperla fenestrata�-�-�*�-�1.2�2.7�0.2�-�-�-�0.1�37���Dobsonflies��������������10�  Archichauliodes diversus�0.2�0.1�-�2.7�-�-�0.1�0.4�1.2�-�0.3�20���Hemiptera��������������12�  Sigara sp.�-�-�-�-�-�-�-�-�-�1.5�*�65���Beetles��������������13�  Hydraenidae�*�-�*�0.2�-�-�0.1�0.2�1.4�-�0.2�23���True flies��������������21�  Aphrophila neozelandica�0.1�0.1�*�0.7�6.2�-�0.2�4.3�0.7�-�0.5�17��23�  Maoridiamesa spp.�0.5�5.4�5.0�-�-�2.7�3.1�1.9�2.3�*�3.3�7��24�  Orthocladiinae�22.0�54.7�73.7�10.0�7.4�13.5�45.1�14.9�21.8�0.3�43.9�1��26�  Tanytarsus vespertinus�0.3�1.0�1.6�-�-�-�1.0�0.4�1.1�*�1.0�12��27�  Chironomus sp 'a'�-�0.1�0.1�-�-�-�-�-�-�4.8�*�39��28�  Chironomus zealandicus�-�-�0.1�-�-�-�-�-�-�10.9�*�40���Caddisflies��������������33�  Aoteapsyche spp.�25.1�3.6�1.5�7.4�-�1.4�12.9�12.5�8.8�-�10.0�3��37�  Hydrobiosis parumbripennis�0.3�0.5�1.7�0.7�1.2�2.7�1.2�0.6�0.4�-�0.9�13��38�  Psilochorema nemorale�0.3�0.6�0.1�2.7�1.2�-�1.1�0.1�1.7�-�0.6�15��39�  Neurochorema confusum�2.5�3.9�4.0�-�-�-�1.7�1.2�0.4�-�2.5�8��41�  Neurochorema sp.�-�-�-�3.7�7.4�8.1�-�-�-�-�0.1�29��44�  Beraeoptera roria�0.8�0.6�0.2�-�-�-�2.9�0.2�0.1�-�0.8�14��45�  Pycnocentria evecta�0.2�1.7�1.1�14.7�49.4�33.8�7.5�7.5�2.0�-�3.3�6��46�  Pycnocentrodes sp.�-�*�-�-�-�-�0.1�1.7�0.9�*�0.3�21��47�  Olinga feredayi�0.1�*�*�14.7�1.2�1.4�0.9�3.0�7.2�-�1.6�10��48�  Confluens olingoides�-�-�0.1�0.2�1.2�13.5�0.1�0.1�-�-�0.1�31��52�  Helicopsyche albescens�-�-�-�-�-�-�*�8.7�5.3�-�1.3�11��53�ANNELIDA�6.7�11.2�5.6�3.7�7.4�1.4�8.2�0.4�2.5�55.2�6.4�5��54�NEMATODA�0.4�0.1�*�-�-�-�0.8�0.1�0.2�4.6�0.3�22��57�PLATYHELMINTHES�0.2�-�-�-�-�-�0.1�1.2�0.5�-�0.2�24���Snails��������������61�  Potamopyrgus antipodarum�21.2�4.9�0.1�11.0�1.2�-�3.1�23.3�23.8�1.8�10.0�2��62�  Sphaeriidae�2.6�0.2�-�0.5�-�-�0.5�-�*�*�0.6�16���Crustacea��������������63�  Amphipoda�*�-�-�-�-�-�-�0.2�-�-�*�42��66�  Ilyocryptus sordidus�-�-�-�-�-�-�-�-�-�1.3�*�72��67�  Simocephalus sp.�-�-�-�-�-�-�-�-�-�3.7�*�73��68�  Cyclopoidea�-�-�-�-�-�-�-�-�-�2.0�*�74��69�  Calanoidea�-�-�-�-�-�-�-�-�-�5.7�*�75��70�  Ostracoda�0.5�1.1�0.1�-�-�-�0.2�0.6�0.8�0.1�0.5�19���Mites��������������74�  Pionidae�-�*�-�-�-�-�0.1�0.3�0.5�3.7�0.1�32���Number of taxa�38�39�34�22�13�14�38�33�33�34�76���

Macroinvertebrate communities in Luncheon and Pinelheugh Creeks were dominated by caddisflies (28 - 36%), true flies (22 - 27%) and snails (23-24%) (Figure 14).



4.2.2.3	Dominant macroinvertebrates



As is quite usual for stream communities, relatively few species were numerically important.  Table 18 lists the 37 macroinvertebrates that comprised greater than 1% by numbers at one or more sites.



Overall, the top five taxa in riverine habitat in the Teviot catchment were orthoclad chironomids (43.9%), the small black 'pond' snail Potamopyrgus antipodarum (10.0%), the filter-feeding caddisfly Aoteapsyche (10.0%), and the ubiquitous mayfly Deleatidium (7.1%), and annelid worms (6.4%) (Table 18).  One of these taxa was numerically dominant at each of the riverine sampling sites, except for the three turbulent sites in the Teviot gorge (Sites T4 - T6) where the caddisfly Pycnocentria evecta (15 - 49%) was numerically dominant.



Rather than discuss macroinvertebrate community composition of individual sites in any further detail at this point, such discussion may be more useful in the context of the results of multivariate analyses (including also communities from Lake Onslow).



4.2.3	Lake Onslow



4.2.3.1	Variety and species richness



A total of 34 macroinvertebrate taxa were recorded from Lake Onslow on 2 March 1993 (Table 18).  The list of taxa was dominated by kinds of true flies (8) and Crustacea (8) (Appendix 3).



Species richness declined with depth between 0.5 m and 4 m depth on the transect near the boat ramp near the outlet of Lake Onslow (Figure 15).  Species richness was higher at 5 m depth, although samples from this depth were not collected from the same location.  The only statistically significant differences were that the species richness at 4 m (i.e. 11 taxa per sample) was significantly lower than at 0.5 m, 1 m, and 5 m (t-test, t>3.24, P<.03).



4.2.3.2	Densities and relative abundance of major groups



Densities of macroinvertebrates averaged between 29400 and 40600 animals m-2 between 0.5 m and 5 m depth in Lake Onslow, except for 4 m depth where densities were significantly lower at 14222 animals m-2 (t>2.86, P<0.05)m (Figure 16, Table 19).

�

Figure � SEQ Figure \* ARABIC �15�:  Mean macroinvertebrate species richness per sample (± standard deviation) at six depths near the outlet of Lake Onslow (2 March 1993).



�

Figure � SEQ Figure \* ARABIC �16�:  Macroinvertebrate densities (± standard deviation) at six depths near the outlet of Lake Onslow (2 March 1993).





�

Figure � SEQ Figure \* ARABIC �17�:  Macroinvertebrate community percentage composition expressed in terms of major groups of animals at six depths near the outlet of Lake Onslow (2 March 1993).



Table � SEQ Table \* ARABIC �19�: Percentage composition of macroinvertebrate communities at six depths in Lake Onslow based on data collected in core samples (2 March 1993) (Appendix 3).  Only taxa comprising greater than 1% by numbers at any of the depths are listed.  * = <0.1%; - = not recorded.�������������0.5m��1m��2m��3m�4m�5m�Overall��TRUE FLIES���������   Tanypodinae�0.7�1.8�1.2�0.3�1.4�0.5�0.9��   Chironomus sp. 'a'�5.0�17.7�1.3�1.7�2.6�1.9�5.1��   Chironomus zealandicus�22.4�11.7�9.1�8.6�6.6�4.5�10.8��CADDISFLIES���������   Paroxyethira hendersoni�1.1�0.6�0.5�0.1�-�0.7�0.5��ANNELIDA�46.9�48.8�74.4�68.4�61.5�58.4�60.2��NEMATODA�3.1�3.1�4.0�12.5�0.9�0.5�4.8��SNAILS���������   Physa sp.�0.6�0.2�0.5�2.1�-�0.5�0.8��   Potamopyrgus antipodarum�0.2�0.2�-�0.3�-�11.1�1.2��CRUSTACEA���������   Cyclopoidea�2.9�1.3�0.4�*�0.2�0.3�0.9��   Calanoidea�8.8�8.4�2.0�2.0�10.2�2.5�5.0��   Daphnia carinata�0.2�-�-�0.1�1.4�0.3�0.2��   Ilyocryptus sordidus�0.4�0.6�0.2�0.5�2.8�3.5�1.1��   Simocephalus sp.�1.3�1.3�0.7�0.6�9.6�7.4�2.7��MITES���������   Pionidae�3.2�1.7�2.7�1.3�2.6�5.6�2.8��Total number of taxa�26�24�20�18�14�24�33��Top 8 taxa: cumulative %�92.3�94.5�95.4�94.2�97.3�94.9�92.6��Mean density (No. m-2)�30593�30790�32321�40593�14222�29407�29654��Number of core samples�3�3�3�3�3�3�18��





Communities in Lake Onslow were dominated numerically by oligochaete worms (47-74%) with true flies best represented nearer the surface at 0.5 - 1 m depth (29 -32%) (Figure 17).  Crustacea (3 - 24%) was the only other group to feature prominently, although relatively poorly represented at 2-3m depth.  Molluscs (snails) were important at 5m (12%).



4.2.3.3	Dominant macroinvertebrates



Table 19 lists the percentage contributions of the dominant macroinvertebrates in Lake Onslow based upon data collected in quantitative core samples (Appendix 3).  In addition to these taxa, water boatmen (Sigara sp.) were very abundant in the margins of the lake, being recorded in the hand-net sample (Appendix 3), but, due to their mobility, were not collected in core samples.



Oligochaete worms (Annelida) dominated invertebrate communities in Lake Onslow at all depths sampled (47 - 68%) and overall (60%) (Table 19).  The two "species" of the red bloodworm midge (Chironomus sp 'a' and C. zealandicus) were next most abundant overall (5 & 11% respectively), with best representation at 0.5m and 1m depths (Table 19).  A variety of Crustacea, nematodes (roundworms) and pionid mites comprised the remainder of the taxa that contributed 1% or more to community composition at one or more depths in the lake (Table 19).



4.2.4	Multivariate analyses



Multivariate data analyses enable complex species by site/sample data to be summarised in such as way as to make any inherent pattern in the data more obvious.  Two complementary techniques have been applied to the data collected from the Teviot catchment as part of these investigations: viz. cluster analysis and ordinational analysis.  Since the results of cluster analysis were similar to those from the Correspondence Analysis Ordination (CAO), only the latter is presented and discussed here because this approach has additional advantages for interpretation.



Three main site groups were evident on the CAO of sites (Figure 18):-

Group A.	Lake Onslow

Group B.	Teviot River sites T2, T3 & T7

Group C.	Teviot River sites T1, T4 - T6, + Luncheon and Pinelheugh Creeks



The CAO of taxa (Figure 19) indicates the taxa that are characteristic of particular sites or site groups.  The value of this analysis will become clearer in the following discussion.



Given the marked similarity of macroinvertebrate communities within each of the three site groupings identified from Figure 18, the following discussion is centred on the characteristics of each of the groups.





�



Figure � SEQ Figure \* ARABIC �18�:  Correspondence Analysis Ordination of sites in Lake Onslow (O), the Teviot River (T), Luncheon (LC) and Pinelheugh (PC) Creeks.

�



Figure � SEQ Figure \* ARABIC �19�:  Correspondence Analysis Ordination of macroinvertebrate taxa for the sites in Figure 18.  Taxa dominant or characteristic of particular sites or site groupings are plotted in corresponding positions of this graph as the sites are on Figure 18.  It is not necessary to read the taxon codes in the central region of the graph - the outliers are those that show noticeable differences between site groupings.  See Table 16 for key to taxon code numbers.





4.2.4.1	Group A:  Lake Onslow



Macroinvertebrate communities in Lake Onslow were dominated numerically by annelid worms (#53: 55.2%) and Chironomus zealandicus (#28: 10.9%) (Figure 19, Table 20).  Other macroinvertebrates that were present only in Lake Onslow, or at noticeably higher densities in Lake Onslow than in the rivers, were the purse caddis Paroxyethira hendersoni,  the large snail Lymnaea sp., pionid mites, Hydra, calanoid copepods and the cladoceran Simocephalus (Table 20).



A total of 33 different macroinvertebrate taxa were recorded in quantitative samples collected from Lake Onslow (Table 20).



4.2.4.2	Group B:  Teviot River sites T2 - T3 & T7



Sites T2 - T3 & T7 were located further down the Teviot River, within the proposed impoundment (T2), the proposed residual river (T3) or downstream of the proposed power station (T7).



Macroinvertebrate communities were dominated by algal associated orthoclad midges (#24: 46.7%), which were even more abundant than they were at the sites of Group C.  Few other taxa contributed significantly to community composition, with the snail Potamopyrgus (#61: 8.2%) and the mayfly Deleatidium (#2: 7.0%) the best represented of these.  The chironomid midges Maoridiamesa spp.(#23: 3.2%) and Tanytarsus vespertinus (#26: 1.2%) and four caddisflies (Costachorema callista, Neurochorema confusum, Beraeoptera roria, and Pycnocentria evecta) were better represented at the sites of Group B than at A or C (Table 20, Figure 19).



A total of 63 different macroinvertebrate taxa were recorded in samples collected from sites T2 - T3 & T7 in the Teviot River (Table 20).



4.2.4.3	Group C:  Teviot River sites T1, T4 - T6, Luncheon & Pinelheugh Creeks



Group C comprised the most upstream site sampled in the Teviot River (T1) (located at the upstream limit of the proposed Horseshoe Bend Scheme impoundment), three sites in the swift and turbulent gorge downstream of the proposed dam site, and two tributary streams (Luncheon Creek and Pinelheugh Creek).



Macroinvertebrate communities were dominated numerically by the small black snail Potamopyrgus antipodarum (#61: 21.6%), orthocladine midges (#24: 20.0%) and the filter feeding hydropsychid caddisfly Aoteapsyche spp. (#33: 16.6%) (Table 20, Figure 19).  



Filter feeding caddisflies, Aoteapsyche, often are particularly abundant in lake outlet streams where they feed upon suspended particulate matter (such as phytoplankton and zooplankton) which is exported from the lake.  The presence of Lake Onslow upstream undoubtedly contributes to the relatively high densities of these animals.



A total of 51 different macroinvertebrate taxa were recorded in samples collected from the sites of Group C (Table 20).

Table � SEQ Table \* ARABIC �20�:  Percentage macroinvertebrate community composition for three site groups in the Teviot catchment.  * = <0.1%, - = not recorded.  Only the top three best represented taxa in each Site Group and those taxa with "noticeable differences" in densities between site groups (i.e. P < 5%) are listed.  NND = no noticeable difference.����Site Group A

Lake Onslow�Site Group B

(T2, T3 & T7)�Site Group C

(T1, T4 - T6, LC & PC)�P %���Mayflies������2�Deleatidium spp.�*�7.0�11.6�NND��3�Austroclima jollyae�-�2.1�2.2�1.40���Stoneflies������9�Zelandoperla fenestrata�-�*�*�0.17���Beetles������19�Scirtidae�-�*�-�<0.01��20�Staphylinidae�-�*�*�3.59���True flies������23�Maoridiamesa spp.�*�3.2�1.3�0.08��24�Orthocladiinae�0.3�46.7�20.0�0.08��26�Tanytarsus vespertinus�*�1.2�0.6�0.32��27�Chironomus  sp ‘a’�5.1�*�-�NND��28�Chironomus zealandicus�10.9�*�-�0.32��31�Empididae�*�0.1�0.1�3.66��32�Anthomyiidae�-�*�-�0.88���Caddisflies������33�Aoteapsyche  spp.�-�8.8�16.6�NND��35�Costachorema callista�-�0.2�*�1.63��37�Hydrobiosis parumbripennis�-�1.2�0.4�0.09��38�Psilochorema nemorale�-�0.7�0.8�3.68��39�Neurochorema confusum�-�2.8�1.5�0.61��43�Paroxyethira hendersoni�0.7�-�-�0.96��44�Beraeoptera roria�-�0.6�0.4�0.63��45�Pycnocentria evecta�-�3.8�3.4�1.12��48�Confluens olingoides�-�0.1�0.1�1.43��49�Hudsonema amabilis�-�0.1�0.1�3.38��53�ANNELIDA�55.2�7.1�4.1�1.43��56�NEMERTEA�-�*�-�0.32���Snails������59�Lymnaea sp.�0.5�-�-�2.86��61�Potamopyrgus antipodarum�2.0�8.2�21.6�NND���Crustacea������67�Simocephalus sp.�3.7�-�-�3.79��69�Calanoidea�5.8�-�-�0.20���Mites������74�Pionidae�3.7�*�0.2�0.90���Coelenterata������75�Hydra sp.�0.7�*�-�0.46��Total number of taxa�33�63�51���

4.2.4.4	Summary of Group Character



In summary, Group A comprised macroinvertebrate communities in a part of Lake Onslow that was most likely to be similar to the habitat expected in the proposed Horseshoe Bend impoundment. Group B comprised sites characterised by development of thick benthic algal mats with associated macroinvertebrate communities.  These accrue as a result of a stable flow regime (moderated by impoundments upstream) and low grazing pressure from macroinvertebrates.  Group C was characteristic of the tributary streams, the Teviot River in its upper reaches where it is influenced by proximity to Lake Onslow upstream (i.e. a lake outlet stream), and the swift, turbulent section through the gorge that will experience reduced flows should the proposed Horseshoe Bend power scheme proceed.  



4.2.5	Unusual macroinvertebrates



The only relatively unusual macroinvertebrate recorded during our surveys of the Teviot catchment and Lake Onslow was an undescribed species of stonefly.  Two small individuals were found on 1 March 1993 - one from a mossy sample in Luncheon Creek and the other from the Teviot River at Site T2 (i.e. within the proposed impoundment).



The specimens were sent to Ian McLellan in Westport, New Zealand's stonefly expert, who provided the following information.



"The stonefly nymphs are those of Acroperla n. sp.  It is a sister species of [Acroperla] spiniger and replaces it below the Waitaki River.  For about 30 years I've had some material but not enough to work on.  However, I now have a good collection of adults and nymphs ... some ... came from localities fairly close to [the Teviot catchment].  [The] nymphs are early instar.  Last instar are about 15 mm long.  There may be an apterous [wingless] or micropterous [small-winged] form."



Mr McLellan also considers that this species and A. spiniger are so different from the rest of the genus, that he intends to raise a new genus to contain them when he revises this group of stoneflies for the Fauna of New Zealand.



Although the published literature is unlikely to contain any records of Acroperla n. sp., and we certainly did not find it in high densities, it appears to be quite widespread south of the Waitaki River.  There is no evidence to suggest that it is endangered.



No other macroinvertebrates of note were recorded, and none that could be regarded as rare or endangered.



In our view, the term "rare and endangered" is inappropriate for freshwater invertebrates in New Zealand because there has been insufficient collecting to describe adequately the distribution and abundances of many taxa.  Much of the work that has been done is relatively inaccessible (in consultancy reports for clients or in theses) and there is, as yet, no equivalent of the freshwater fisheries database, where distributional information is held.



Furthermore, the taxonomy of insects (which generally comprise most of the macroinvertebrate taxa found in freshwaters) is based primarily on the adult stages.  For some insects, the larval (aquatic) stages have been associated with the described adult, but in many cases (particularly amongst the caddisflies), the young stages of described species are unknown (and are often very difficult to distinguish from closely related species as well).



Most AEEs involving impacts on aquatic systems have concentrated upon assessment of the potential impact on the freshwater ecosystem, and biological sampling has, therefore, generally been limited to the aquatic environment.  As a result of the taxonomic deficiencies outlined above, lists of animals found usually include many taxa identified only to the generic level at best.  Many such genera may include animals known only as adults, or a mixture of known and unknown species.



5.0	FRESHWATER BIOLOGICAL IMPACTS OF THE PROPOSED HORSESHOE BEND HYDRO DEVELOPMENT



5.1	Impacts during construction



Construction of the proposed power scheme will involve the formation and upgrading of roading in the area, major earth works and tunnelling.  The main potential impact from such activity could be the introduction of sediment to water courses in quantities greater than would occur naturally, or at times (i.e. during normal or low flows) when it normally would not occur.  Such impacts can be minimised by adopting ecologically sensitive construction practises.  In particular, care should be taken to ensure that sediment is not placed directly into the river channel or placed such that it could fall or wash into the river.  Dam construction obviously will involve some disruption of the river bed and some instream earthworks, including, perhaps, a small diversion of the river flow.  Such activities should be undertaken as efficiently as possible to minimise the disturbance to aquatic communities.



5.2	Characteristics of the new impoundment



The new impoundment to be formed behind the dam at Horseshoe Bend will be quite long (1335 m) and narrow (20 - 80 m) with an area of approximately 5.52 ha.  Given the relatively steep-sided nature of the banks, the 1.0 - 1.5 m lake level fluctuation (due to the operation of the scheme), is unlikely to result in the periodic exposure and inundation of large areas of aquatic habitat.  However, there is likely to be some shoreline erosion following lake filling.  This should not cause major problems for aquatic life and will settle down over the first few years following lake filling.



Given the dam height of 13 m and the dimensions of the proposed lake (above), a very approximate estimate of the lake volume may be 263,000 m-3.  At average discharge (3.52 m3 s-1), the residence time of water in the impoundment would be approximately 21 hours.  This ballpark estimate indicates that residence time within the impoundment will be too short for growth of phytoplanktonic algal blooms, and that the quality of the water leaving the impoundment should be very similar to that which enters it.



Macroinvertebrate communities in the new impoundment are expected to be similar to those present in Lake Onslow.  Dominant macroinvertebrates are expected to include oligochaete worms, several snails (including Potamopyrgus antipodarum, and Physa) and various midge larvae (including Chironomus species, Tanypodinae and Orthocladiinae).  A variety of zooplankton taxa may also be present (including various copepod and cladoceran crustaceans), although these are likely to remain at relatively low densities given the short residence time of the impoundment.  Several macroinvertebrates not recorded from lake Onslow, but known from rivers and streams in the Teviot catchment could also colonise the new impoundment.  These include the two caddisflies Oxyethira albiceps and Hudsonema amabilis (Table 16).



The new impoundment is likely to support a reasonable trout fishery in the longer term with an initial burst of productivity that normally follows the creation of a new lake as nutrients are released from drowned sediments and plant material.  Various tributary streams between the Onslow Dam and the new dam at Horseshoe Bend should provide adequate spawning and rearing habitat for the population to be self-sustaining (unless better public access results in greatly increased fishing pressure).  However, the steep-sided shoreline, lake level variations and limited light penetration suggest that beds of aquatic macrophytes may be limited to a narrow band around the lake margin.  This is unlikely to provide ideal conditions for brown trout, which tend to be strongly associated with littoral habitat.  In our view, the brown trout population and associated fishery in the Horseshoe Bend impoundment is likely to be an improvement over that in the reach of the Teviot River that it supplants but not as good as that in Lake Onslow.



Another consideration is the effect of drowned vegetation on the water quality and productivity of the new impoundment (Baxter 1977).  Standing trees, for example, can affect the water circulation patterns in the reservoir, and the wood of submerged trees may persist relatively unaffected for many years, especially in colder climates.  Water quality in reservoirs is determined largely by the chemistry of inflows and precipitation, but in new impoundments it may be influenced by the leaching of soluble material from the flooded ground and vegetation.  If the amount of soluble material is large, and the retention time of the reservoir is long, the chemistry of the impounded water may continue to differ from that of the inflow for many years.  Decomposition of drowned vegetation often leads to oxygen depletion in the depths of a reservoir and the accumulation of a mass of stagnant water in the deepest part against the dam.  Reduced substances such as sulphides, ferrous and manganous ions may accumulate here, and can have adverse impacts on aquatic life in the river downstream should the impoundment become fully mixed (as often occurs in autumn when temperature stratification breaks down).  However, where the amount of soluble material is small and the retention time of the water is short, the influence of leaching of soluble material from drowned sediments and vegetation on water quality will be minor.  This is certain to be the case at Horseshoe Bend where the dominant vegetation to be inundated is tussock and the average residence time of water in the impoundment will be approximately 21 hours.  In our view, therefore, it is not worth removing vegetation or sediments from the area that will flooded to become the bed of the new Horseshoe Bend impoundment.



5.3	The residual river between the dam and the power-house



Apart from the formation of an impoundment where a river exists at present, the major impact of the Horseshoe Bend scheme, as proposed, is the creation of a 2400 m residual river between the dam and the power-house.  Most of this reach is in a steep, inaccessible gorge section.  Immediately downstream of the dam it is expected that a residual flow of 305 l s-1 (10.78 cusecs) will be provided, which is equivalent to the 7-day 10 year return period low flow at Horseshoe Bend (Stewart 1996).  This flow undoubtedly will be supplemented by inflows from side streams and seepages, but the extent of this is unknown.



Given the steep nature of much of this section (e.g. Figure 28), it is likely that the water will remain well oxygenated with no possibility of stagnant pools developing.  However, there will be a significant reduction in the area and volume of aquatic habitat.  This areal habitat reduction is unlikely to have significant adverse consequences for biological communities in the Teviot catchment.  In fact, the residual flow of 305  l s-1 (10.78 cusecs) is likely to produce conditions that are more favourable for aquatic macroinvertebrate communities than the torrential flows that are extant at present.  It is likely that macroinvertebrate densities and species richness through the gorge will increase by an order of magnitude (i.e. 10 fold) and 50% respectively to become more like that in nearby Teviot mainstem habitats where conditions are less severe.  At present, we suspect that the gorge is not much by trout (except when they struggle to migrate through it) because the current and turbulence is too severe.  However, occasional large brown trout are know from the few large pools present within the gorge section (Dan Rae pers. comm. to Peter Mulvihill, CEL).  The residual river should provide useable habitat for brown trout fry and yearlings, and large trout are likely to be able to persist in any remaining large pools but, in general, the habitat through the gorge section is likely to remain relatively unsuitable for adult trout.



5.4	Downstream impacts on the Teviot River



Photographs taken during the two most extreme flow simulations on 29 March 1993 (flow 850 - 1135 l s-1 or 30 -40 cusecs, say 990 l s-1) and 7 October 1993 (flow 4250 l s-1 or 150 cusecs) are presented as Figures 21 - 30.  Appendix 4 gives details of the photopoints and indicative stream depths and widths at a range of different simulated flows.  Figure 20 presents the maximum water depths for a range of river flows at each photopoint location.

�

Figure � SEQ Figure \* ARABIC �20�:  Maximum indicative water depths for three different river flows at selected photopoints on the Teviot River between Bridge Huts and Horseshoe Bend.  All cross-sections were located in riffle and shallow run habitat on the Teviot River mainstem except #17 which was on Luncheon Creek.



The photographs, and data in Appendix 4, clearly indicate that, between the two extreme simulated flows, a four-fold increase or decrease in the flow of the Teviot River has no significant impact on the width of the river and, consequently, there is no possibility of exposure of significant areas of river-bed downstream of the proposed Horseshoe Bend power house discharge point.



Average maximum water depths almost doubled (from 345 mm at around 990 l s-1 to 653 mm at 4250 l s-1) (Appendix 4, Figure 20).



Average below-station river flows should be between 1700 l s-1 and 5610 l s-1 (60 - 198 cusecs) most of the time (Table 3), and minimum flows should be similar to those that occur at present.  Thus, the proposed scheme should not have a negative impact on the quality of aquatic habitat downstream of the powerhouse.



The depth and flow ranges, expected during the operation of the Horseshoe bend scheme are likely to differ little from those that apply at present.  Therefore, we expect that the character of existing macroinvertebrate and aquatic plant communities will remain essentially unchanged.



The situation with trout is rather more complicated.  Suitable water depths as living habitat for trout fry and yearlings to 150 mm fork length range from 300 mm to 1000 mm, whereas adults require depths about 200 mm greater (i.e. 500 - 1200 mm) (Raleigh et al. 1984;  Hayes & Jowett 1994).  These depth ranges equate to habitat suitability scores greater than 0.5.  Suitability scores range from 0.0 (where conditions are completely unsuitable) to 1.0 (where conditions are ideal).  Any score over 0.5 can be regarded as indicative of acceptable habitat.



Most (71%) of the cross-sections surveyed in the Teviot River provided water depths (> 300 mm) suitable for brown trout fry and yearlings at a flow of 990 l s-1.  At higher flows (i.e. 3115 & 4250 l s-1), the maximum depths on all cross-sections exceeded 300 mm (Figure 20).  Given that flows downstream of the Horseshoe Bend scheme should exceed 1700 l s-1 most of the time, it is likely that the Teviot River will continue to provide sufficient suitable habitat for trout fry and yearlings once the Horseshoe bend scheme is in place.



The Teviot River is known for its population of small trout and anecdotal information suggests that the few larger fish present in the river may be found in the deeper holes, which occur primarily on major bends in the river (see Section 4.1.2).  Therefore, it appears that the Teviot River, at present, does not provide much suitable habitat for large brown trout.  Since the cross-sections we surveyed (Figure 20) were located across riffles and shallow runs, the deeper pool and run habitat, which is desirable for adult trout, was under-represented, so there is likely to be more habitat suitable for brown trout adults available at low flows than this assessment indicates.



At a flow of 990 l s-1, only two of the 14 cross-sections had maximum depths greater than 500 mm, which is considered to be the desirable minimum depth for adult brown trout habitat.  Adult trout, are, however, known to use water if it is greater than 300 mm deep even though it may not be ideal (Hayes & Jowett 1994).  This was present on 8 of the 14 cross-sections surveyed at 990 l s-1 (Figure 20).  On major bends of the river, the deep pools presently providing habitat for large trout should still provide adequately for the existing population of large fish.



5.5	Shutdown of power station



A contingency plan would need to be in place to cover the event of a problem at the powerhouse such that it was not possible to continue discharging via the tailrace to the river downstream.  It would be possible to provide for the release of this water at the powerhouse but this would be costly compared with spilling from the dam site itself (Peter Mulvihill, CEL, pers. comm.).  It is estimated that water would take approximately 35 - 40 minutes to travel from the dam site downstream to the tailrace discharge point.



In the event that the Horseshoe Bend power station needs to be shut down (e.g. to correct equipment failure) some provision needs to be made to maintain flows downstream of the power station discharge in order to minimise impacts on stream life.  Primarily, the objective in such circumstances should be to provide sufficient flow to maintain the area of aquatic habitat thus preventing exposure and desiccation of aquatic life in the Teviot River downstream.  This could be achieved by automatic actuation of



a computer-controlled discharge valve at the Horseshoe Bend dam site or

a bypass at the power house itself.













































Figure � SEQ Figure \* ARABIC �21�:  The Teviot River upstream of the Bridge Huts bridge on 29 March 1993.  The flow at Bridge Huts bridge was 850 - 1135 l s-1 (30 - 40 cusecs).  See Appendix 4, photopoint 1.















































Figure � SEQ Figure \* ARABIC �22�:  The Teviot River upstream of the Bridge Huts bridge on 7 October 1993.  The flow at Bridge Huts bridge was 4250 l s-1 (150 cusecs).  See Appendix 4, photopoint 1.







































Figure � SEQ Figure \* ARABIC �23�:  The Teviot River several hundred metres downstream of Luncheon Creek at Sampling Site T7 on 29 March 1993.  The flow at Bridge Huts bridge was 850 - 1135 l s-1 (30 - 40 cusecs).  See Appendix 4, photopoint 13.











































Figure � SEQ Figure \* ARABIC �24�:  The Teviot River several hundred metres downstream of Luncheon Creek at Sampling Site T7 on 7 October 1993.  The flow at Bridge Huts bridge was 4250 l s-1 (150 cusecs).  See Appendix 4, photopoint 13.









































Figure � SEQ Figure \* ARABIC �25�:  The Teviot River at the Luncheon Creek confluence on 29 March 1993.  Luncheon Creek enters at mid right.  The flow at Bridge Huts bridge was 850 - 1135 l s-1 (30 - 40 cusecs).  See Appendix 4, photopoint 16.











































Figure � SEQ Figure \* ARABIC �26�: The Teviot River at the Luncheon Creek confluence on 7 October 1993.  Luncheon Creek enters at mid right.  The flow at Bridge Huts bridge was 4250 l s-1 (150 cusecs). See Appendix 4, photopoint 16









































Figure � SEQ Figure \* ARABIC �27�:  The Teviot River upstream of the proposed Power House location on 29 March 1993.  The tail of the gorge section is in the background.  The flow at Bridge Huts bridge was 850 - 1135 l s-1 (30 - 40 cusecs).  This reach will experience the residual flow averaging 305 l s-1 (10.78 cusecs).  See Appendix 4, photopoint 20.







































Figure � SEQ Figure \* ARABIC �28�: The Teviot River upstream of the proposed Power House location on 7 October 1993.  The tail of the gorge section is in the background.  The flow at Bridge Huts bridge was 4250 l s-1 (150 cusecs).  This reach will experience the residual flow averaging 305 l s-1 (10.78 cusecs).  See Appendix 4, photopoint 16









































Figure � SEQ Figure \* ARABIC �29�:  The Teviot River upstream of the proposed Power House location where the gorge section ends on 7 October 1993.  The tail of the gorge section is in the background.  The flow at Bridge Huts bridge was 4250 l s-1 (150 cusecs).  This reach will experience the residual flow averaging 305 l s-1 (10.78 cusecs).











































Figure � SEQ Figure \* ARABIC �30�: Luncheon Creek (29 March 1993). See Appendix 4, photopoint 17

The former is preferred on engineering grounds (P. T. Mulvihill, CEL pers comm.), however both options warrant some discussion.



discharge from dam



Downstream of the Horseshoe Bend dam is a 2400 m reach, mainly through an inaccessible gorge, through which a residual flow of 305 l s-1 is to be provided.  If the cessation of discharge were to be compensated for by release of water from the dam site, this flow could increase by up to 12.5 times to some 3000 l s-1.  This exceeds the 5- to 6- fold increase (above preceding baseflows) that has been shown to have significant impacts on benthic periphyton (algae) and macroinvertebrate communities (Biggs & Close 1989).  However, the ecological significance of such releases needs to be considered in relation to their frequency of occurrence, the frequency of natural flood events, and the “value” of the affected aquatic life.  Given that the natural condition through the Teviot River gorge was torrential flow, such releases may be seen as a return to a more natural state (albeit for a relatively short period).  Hydrological records suggest that there may be only two or three natural flood events per year in the Teviot River of sufficient magnitude to affect algal and macroinvertebrate communities significantly.



However, not all of the generation flow needs to be discharged to maintain the wetted perimeter of the Teviot River downstream of the powerhouse.  As Appendix 4 indicates, at photopoint 19 on the Teviot River upstream of Luncheon Creek (just downstream of the powerhouse discharge) the river width (13 m) does not change appreciably between flows of 850 l s-1 and 4,250 l s-1.  Even at around 850 l s-1, water depths in the Teviot River ranged between 250 and 300 mm suggesting that at even lower flows there may be no significant reduction in wetted area, and, consequently, no danger to aquatic life.  Consequently, we suggest that a release of no more than 1 m3 s-1 needs to be provided from the Horseshoe Bend dam in order to maintain habitat downstream of the powerhouse when the station is shut down.  If the release can be restricted to less than six times the residual flow through the gorge of 305 l s-1 (i.e. <1.8 m3 s-1), it is unlikely to have any significant adverse impact on aquatic communities present between the dam and the powerhouse discharge point.  Figure 31 depicts the flow changes expected to result during shutdown of the Horseshoe Bend power station at average winter (4780 ls-1) and summer (2550 l s-1) flows, assuming that the lake was at crest and a 1000 l s-1 bypass flow is provided at the dam when the station shuts down.  Downstream flows of 1800 l s-1 will be exceeded in approximately 20 minutes (winter) or 60 minutes (summer).  If the shutdown lasts longer than this, and flows continue to increase, then some sloughing of algal and macroinvertebrate communities is likely.  It is estimated that a 20 – 40 minute shutdown would be the minimum to fix any problem, with 1 - 1.5 h most likely (Peter Mulvihill, CEL, pers. comm.).



Bearing in mind that “natural” flood events may be sufficient to slough off some aquatic life two or three times per year, and the fact that New Zealand stream communities are well-adapted to high frequencies of disturbance, it is unlikely that occasional controlled releases from the dam will do any significant harm.  Indeed, it could be argued that such releases may be beneficial, at times, serving to flush away algal proliferations if they develop under stable flow conditions.

�

Figure 31:  Changes in bypass flow versus time when the average Teviot River flow at Horseshoe Bend is 4780 ls-1 (upper line) and 2550 l s-1 (lower line).  This assumes that the lake level is at crest, the lake area is 5.5 ha, and a bypass flow of 1000 l s-1 (1 cumec) is provided at time = 0 (station shutdown).



During the 35 - 40 minutes that the water will take to travel from the dam down the residual river through the gorge to the powerhouse, river levels downstream of the powerhouse will be dropping although the residual flow (305 l s-1 ) will still be present and Luncheon Creek enters a short distance downstream.  The river certainly will not dry up and it is likely that any aquatic life present will be able to survive the temporary exposure.

(b) bypass at power station



An instantaneous bypass of water in the event of problem with the powerhouse could be provided at the powerhouse although additional engineering works would be required.  



Under this option there will be no effect on the 2400 m residual river through the gorge, which will remain flowing at 305 l s-1.  The Teviot River downstream could be maintained at any desired level within the normal operating range subject to a time lag as flows are ramped up (or down).



Recommendation



In the event of a power station shutdown, we consider that option (a) (viz: a release of 1 m3 s-1  from the Horseshoe Bend dam) would provide sufficient protection for aquatic life in the 2400 m residual river and the Teviot River downstream.  In our view, providing a bypass discharge at the power station is unlikely to provide any significant additional environmental benefit.



6.0	CONCLUSIONS



6.1	Fisheries inventory



The only fish species recorded in our survey of the Teviot River were brown trout, common bullies, and Galaxias anomalus (in tributaries where trout are not present).  Existing information from the NIWA freshwater fisheries database noted that longfinned eels, brown trout and rainbow trout are known from near the mouth of the Teviot River, with brown trout and common bullies recorded from the North Branch, upstream of Lake Onslow.



We recorded relatively few brown trout of small size despite intensive investigation.  Our investigations suggest that the river's brown trout population is modest, self-contained and self-sustaining with most suitable spawning habitat in tributary streams.  Availability of spawning gravels rather than food is more likely to limit trout numbers, although food and habitat availability may limit the maximum size and numbers of large trout.  It is probable that a better trout population is present in Lake Onslow, and that a new impoundment could also sustain more fish than does the river at present.  Given the steep-sided nature of the proposed impoundment, there will not be extensive areas of food-producing littoral habitat, so the new impoundment will not be as productive as a shallow (say 6 - 8 m deep) lake with extensive beds of submerged aquatic macrophytes.



A local farmer and member of the Teviot Angling Club, Mr Dan Rae, has questioned whether electric fishing can provide accurate results on a river the size of the Teviot.  The answer to this question is a qualified “Yes”.  At times (e.g. 7 September 1992) flows in the Teviot River are too high to permit safe and effective electric fishing.  However, on 11 September, the reduced depths and velocities (due to artificial reduction of the discharge from Lake Onslow) did permit fishing of extensive areas of riffle and run habitat.  We are confident that the effectiveness of the electric fishing was not compromised by the conditions prevailing on this date and that the data collected adequately reflect the present status of small sized trout (up to 150 mm in length).  Beyond this size, however, brown trout become increasingly capable of evading capture by electric fishing using a single anode.



Consequently, electric fishing is not an efficient technique for recording large trout (which would include most of takeable size for anglers).  Large trout can sense the fringe of the electric field and flee before the field can attract them.  However, we commonly capture or see trout of 250-300 mm fork length when electric fishing in other rivers.  In the Teviot catchment we covered nearly 900 m2 of habitat by electric fishing at 13 different locations and no brown trout larger than 220 mm were seen or captured (Table 11).  If reasonable numbers of trout of this size were present in the Teviot, we should have found at least a few of them.



Electric fishing also is not very effective in deeper water such as pools, where large trout often reside.  Anecdotal evidence indicates that the larger fish in the Teviot River are only present in pool and deep run habitat that was not amenable to electric fishing.



The poor water clarity of the Teviot River (due to dark staining by iron substances) precludes the effective use of drift-diving as a means of censusing fish populations.



Overall, the Horseshoe bend power scheme is likely to have a relatively minor impact on fish habitat downstream of the power house discharge point.  There will be no effective change in low flows as these are dictated by the requirements for generation at power stations downstream or are beyond the control of CEL (when the level in Lake Onslow falls below the crest of the old dam).  The diurnal flow variation predicted below the scheme (when flows are 1700 l s-1 or greater) will not alter the wetted areas of aquatic habitat significantly and depths sufficient for trout fry, juveniles and adults should also be just as prevalent as at present.



6.2	Fisheries values (i.e. angler use)



Lake Onslow has a brown trout fishery notable for the high percentage of anglers who catch fish and the relatively high catch rates, although fish are only of moderate size.  It was regarded as an "important" fishery by 23 of the 34 members of the Teviot Angling Club surveyed in 1984 (Whiting 1986).



The Teviot River is notable for its brown trout population dominated by small fish (<300 mm), although large trout (>500 mm) are caught occasionally.  The fishery generally is not regarded as "important", except by a very small number of fishermen who live nearby.  Only two (of 34) members of the Teviot Angling Club surveyed in 1984 regarded the fishery as "important" (Whiting 1986).



Angler Surveys undertaken during the 1978/79 fishing season indicated that the Teviot River was not highly utilised for recreational fishing, and, on balance, the fishery was below average in importance Richardson et al. (1984).  In our view, the usage and quality of the Teviot River fishery appears to have changed very little since the mid 1980’s, although recent publicity over the plans for further hydro-electric development in the catchment would undoubtedly inflate anglers’ opinions somewhat if an angler survey was repeated.  For example, as one of us (JDS) found in Taranaki (in relation to the then proposed Patea hydro-electric scheme) and has also been noted for the Ahuriri River (Mace Ward pers. comm.), the natural value of a river system seems to increase immediately after development/conservation plans for it are announced!  This inevitable bias can influence the results of surveys where much of the data are subjective opinion (as opposed to numerical data), particularly if the survey encompasses only the river for which development is proposed.  For this reason, it could be argued that the historical angler use data (Richardson et al. 1984) may be more reliable.



Existing hydro-electric development on the Teviot River restricts the movements of brown trout within the Teviot catchment, but natural barriers (waterfalls and velocity barriers) are likely to have an even greater impact on the distribution and movements of fish within the catchment.  The presence of trout fry does indicate that there is natural reproduction within the system, and stunted adult trout found in tributary streams suggests that they have formed resident populations in those tributaries.  Some suitable gravels are present in the Teviot mainstem, and tributary streams (such and Luncheon and Pinelheugh Creeks) are important spawning areas.  The Lake Onslow population is sustained by spawning in lake tributaries, and it appears that the trout population in the proposed Horseshoe Bend impoundment could also be maintained by spawning in the Teviot River itself or in several of the tributary streams which enter the Teviot River between Horseshoe Bend and Lake Onslow.  A fish pass on the Horseshoe Bend dam or a stocking programme should not be necessary.



6.3	Macroinvertebrate communities



A total of 60 different macroinvertebrate taxa are known from riverine habitat in the Teviot catchment.  Caddisflies and true flies were present in greatest variety.  Tributary streams held a slightly greater variety of macroinvertebrate taxa than the Teviot mainstem.  Macroinvertebrate densities ranged from around 450 to over 15000 animals m-2, although there were statistically significant differences only between communities in the swift and turbulent gorge below Horseshoe Bend and elsewhere.  Dominant animals included algal associated orthoclad midge larvae (43.9% by numbers collected), the filter-feeding caddisfly Aoteapsyche (10.0%), the small black 'pond' snail Potamopyrgus antipodarum (10.0%), the ubiquitous mayfly Deleatidium (7.1%), annelid worms (6.4%), the cased caddisfly Pycnocentria evecta (3.3%), the chironomid Maoridiamesa (3.3%) and the rhyacophilid caddisfly Neurochorema confusum (2.5%).



Thirty-four different macroinvertebrates were recorded from Lake Onslow, with various true flies (8 kinds) and crustaceans (8) present in greatest variety.  Densities ranged from 14000 to over 40000 animals m-2 with oligochaete worms (47 - 74%) dominant numerically.  True flies were best represented at depths less than 1m (ca. 30%).



Overall, multivariate analyses revealed that macroinvertebrate communities in Lake Onslow were quite distinct (as would be expected) from those in the Teviot River and the two tributaries that were sampled.  The community at Site T1 (in the Teviot River upstream of the proposed impoundment) was similar to those in the two tributaries (Luncheon and Pinelheugh Creeks) being dominated by the snail Potamopyrgus antipodarum (22.9%), algal-associated orthoclad midges (20.6%), the filter feeding caddisfly Aoteapsyche (17.1%) and the ubiquitous mayfly Deleatidium (10.8%).



Macroinvertebrate communities were also very similar to one another further downstream in the Teviot River within the area to be inundated by the new impoundment (Site T2), immediately downstream of the dam site (T3) and downstream of the power station discharge (T7).  At all of these sites algal-associated orthoclad midges (60.0%), annelid worms (8.1%) and Aoteapsyche (5.9%) were the most abundant taxa.



Greater macroinvertebrate sampling effort would undoubtedly have collected more species from the Teviot catchment.  However, a reasonable indication of percentage community composition for one particular time of year (September), has been gained, and given the nature of New Zealand’s freshwater macroinvertebrate communities, it is likely that the picture would be similar at other times of year too.



Our over-riding impression is that the instream habitat of the Teviot River in the vicinity of the proposed Horseshoe Bend Scheme is reasonably similar throughout with only differences in mesohabitat (e.g.  run/riffle/pool, differences in water velocities and depths) causing variation in macroinvertebrate community composition.  There does not appear to be much variation in substratum, and marked differences in water quality throughout this reach are unlikely.



No rare or endangered macroinvertebrate species were found.



The macroinvertebrate section of a draft version of this AEE was criticised by an entomologist (Brian Patrick) from the Department of Conservation (DOC) who suggested that DOC was “more interested in the faunistic side rather than quantitative work” and that “light trapping and night searching of various habitats over the summer months (October - March) to get a better picture of species present” should have been undertaken.  This warrants some discussion.



Macroinvertebrate communities including populations of insects are an integral part of almost all freshwater environments.  Developments often affect the aquatic habitat directly, so it is necessary to determine “what is there” prior to assessing impact or potential impact.  Mostly, it is the larval stages of aquatic insects that are present in the aquatic habitat, but many of the insect species may be only able to be identified positively in the adult (aerial) stage (because this is the stage that entomologists have traditionally concentrated on).  The larvae of many species within some groups (especially Diptera and Trichoptera) are not able to be identified positively without reference to late pupal or adult material.



Thus, there are difficulties in deriving definitive species lists from samples collected only from aquatic habitats.  However, they are not solved entirely by collection of adults by light trapping or hand-netting.  Adult caddisflies have been found up to 8 km from the nearest suitable larval habitat (McFarlane 1977) so may not even be present in the stream that is the subject of the AEE.  There remains also the problem of associating larval stages with described adults, which, at one extreme, could involve assumption or, at the other, time-consuming rearing to make a positive association.

In our opinion it is unrealistic to expect a developer to fund extensive, basic taxonomic investigations as part of an AEE.  It would be costly and time-consuming to do so.  Rather, we believe that a more practical approach is required.



Kevin Collier, formerly a scientist with DOC (but now with NIWA, Hamilton) considered that a species-oriented approach to aquatic invertebrate conservation was not appropriate for New Zealand given deficiencies in our current level of understanding of the distribution of species, their taxonomy, and the genetic structure of populations.  Consequently, he advocated the protection of a range of rare, endangered, and representative habitats in different regions of New Zealand to ensure protection of a wide range of invertebrate species, as well as to maintain natural ecosystem processes (Collier 1993).



This strategy is also the only practical means of assessing and minimising the impacts of specific developments.  In other words, it is too impractical to look for every possible ‘rare and endangered’ taxon, so the emphasis has to be on identifying different habitat types or faunal associations and ensuring that a development does not eliminate any such habitats entirely from an area.  In the case of the proposed Horseshoe Bend power development, given the similarity of macroinvertebrate communities and habitat throughout most of the affected reach of the Teviot River, it is likely that no species, community types or habitats will be eliminated from the area.  Furthermore, although investigation of aquatic communities in similar, but unaffected, catchments adjacent to the Teviot was outside the brief for these studies, it is almost certain the same species of aquatic plants, macroinvertebrates and fish will also be present there.



7.0	OVERALL SUMMARY AND RECOMMENDATIONS



The Teviot River has been a regulated river for perhaps 100 years.  There are three existing hydro dams on the river, and innumerable natural barriers (i.e. water falls and velocity barriers) which disrupt natural patterns of trout migration.  The trout population comprises mainly stunted fish with occasional large (and very old) individuals (which are found mostly in pools).  There is good evidence of natural reproduction throughout the system, particularly in tributary streams, but also in the mainstem where suitable gravels are present.  The trout fishery is modest and not highly valued except by a few local fishermen, whereas the fishery in Lake Onslow is much more highly rated.



The Teviot River has no unique aquatic habitats or communities that would be threatened by the proposed Horseshoe Bend power development.



The power development will produce an impoundment that is likely to have better public access and be more highly rated as a fishery than the 1335 m reach of river that it replaces.



The proposed operating regime of the power station will produce flows well within the requirements of existing macroinvertebrate communities, and the situation for fish, at lower flows, is not expected to differ appreciably from the present regime, so major changes in the character of the Teviot River downstream of the power station discharge are not expected.



The greatest impact of the development proposal (apart from the creation of the impoundment) will be the 2.4 km reach of residual river between the Horseshoe Bend dam and the power station discharge.  Given the steep nature of much of this section, it is likely that the water will remain well oxygenated with no possibility of stagnant pools developing.  However, there will be a significant reduction in the area and volume of aquatic habitat.  In fact, the residual flow of 305 l s-1 (10.78 cusecs) is likely to produce conditions that are more favourable for aquatic macroinvertebrate communities than the torrential flows that are extant at present.  It is likely that macroinvertebrate densities and species richness through the gorge will increase by an order of magnitude (i.e. 10 fold) and 50% respectively to become more like that in nearby Teviot mainstem habitats where conditions are less severe.  At present the gorge probably is not used much by trout (except when they struggle to migrate through it) because the current and turbulence is too severe.  The residual river should provide useable habitat for brown trout fry and yearlings, but is unlikely to be suitable for adult trout.



In our view, the aquatic resources affected by the proposed Horseshoe Bend power development are not of high intrinsic, conservational or recreational value.



8.0	LITERATURE CITED



Baxter, R.M.  1977:  Environmental effects of dams and impoundments.  Annual Review of Ecology and Systematics 8: 255-283.



Biggs, B.J.F.; Close, M.E. 1989: Periphyton biomass dynamics in gravel bed rivers: the relative effects of flows and nutrients. Freshwater Biology 22: 209-231.



Biggs, B.J. & Shand, B.I.  1987.  Biological communities and power development in the Lower Clutha River, Otago.  Publication No. 10 of the Hydrology Centre, Ministry of Works and Development, Christchurch.  127p.



Boud R.; Cunningham, B.T.  no date.  A survey of trout population of the Teviot River.  Freshwater Fisheries Advisory Service, Marine Department, Investigation Report No. 22.  5p.



Central Electric Ltd.  1996.  Horseshoe Bend hydroelectric scheme assessment of environmental effects.



Collier, K.  1993.  Review of the status, distribution, and conservation of freshwater invertebrates in New Zealand.  New Zealand Journal of Marine and Freshwater Research 27: 339-356.



Department of Conservation. 1994.  Interim guidelines on minimum flows and flow sharing regimes draft proposal.



Dungey, R.  1993.  Report to Otago Central Electric Power Board on the brown trout of the upper Teviot River.  5p.



Harvey, M.J. & Jellyman, D.J.  1986.  Background to fisheries studies of the lower Clutha River.  New Zealand Freshwater Fisheries Report No. 76, Fisheries Research Division, NZ Ministry of Agriculture and Fisheries, Christchurch. 101p.



Hayes, J.W.  1996.  Bioenergetics model for drift-feeding brown trout.  Proceedings of the Second International Symposium on Habitat Hydraulics, Quebec, June 1996.  Volume B:465-476.



Hayes, J.W.; Jowett, I.G.  1994.  Microhabitat models of large drift-feeding brown trout in three New Zealand rivers.  North American Journal of Fisheries Management 14:710-725.



Hicks, B.J.; Watson, N.R.N.  1985.  Seasonal changes of brown trout (Salmo trutta) and rainbow trout (S. gairdnerii) assessed by drift diving in the Rangitikei River, New Zealand.  New Zealand Journal of Marine and Freshwater Research 19: 1-10.



Huryn, A. D.  1996.  An appraisal of the Allen paradox in a New Zealand trout stream.  Limnology and Oceanography 41(2):243-252.



Jowett, I.G. 1990: Factors related to the distribution and abundance of brown and rainbow trout in New Zealand clear-water rivers. New Zealand Journal of Marine and Freshwater Research 24: 429-440.



Lien, L.  1978.  The energy budget of the brown trout population of Øvre Heimdalsvatn.  Holarctic Ecology 1: 279-300.



McDowall, R.M.; Wallis, G.P.  1996.  Description and redescription of Galaxias species (Teleostei: Galaxiidae) from Otago and Southland.  Journal of the Royal Society of New Zealand 26(3): 401-427.



McFarlane, A.G.  1977.  Light trapping of caddisflies at Winchmore Irrigation Research Station, Mid-Canterbury, New Zealand (May 1974 - September 1975) (Note).  Mauri Ora 5: 123-124.



Morhardt, J.E.  1986.  Instream flow methodologies.  EA-4819 Research Project 2194-2 prepared by EA Engineering, Science and Technology, Inc. for Electric Power research Institute, Palo Alto, California, USA.



Mosley, M.P.  1982.  New Zealand river temperature regimes.  Water & Soil Miscellaneous Publication No. 36.



Orloci, L.  1978.  Multivariate analysis in vegetation research.  2nd edition.  Dr W. Junk, The Hague.



Pack, Y.M. & Jellyman, D.J.  1988.  Fish stocks and fisheries of the Lower Clutha River.  New Zealand Freshwater Fisheries Report No 98.  Freshwater Fisheries Centre, MAFFish, Christchurch.



Raleigh, R.F.; Zuckerman, L.D.; Nelson, P.C.  1984.  Habitat suitability index models and instream flow suitability curves:  Brown trout.  U.S. Fish and Wildlife Service Biological Services Program FWS/OBS-82/10.71.  65p.



Richardson, J.; Unwin, M.J.; Teirney, L.D.  1984.  The relative value of Otago rivers to New Zealand anglers.  New Zealand Freshwater Fisheries Report No. 48: 79p.



Scott, D.  1987.  Sports fisheries.  Chapter 15, p 413 - 440 in A.B. Viner (ed.) Inland waters of New Zealand.  DSIR Bulletin 241.



Scott, D.; Watson, N.  1980.  Creel and angling census 1970 - 1980.  p 57 -60 in Otago Acclimatisation Society Annual Report.  Dunedin.



Stark, J.D. 1985. Analysis and presentation of macroinvertebrate data. Proceedings of the Seminar on Biological Monitoring, Hamilton, November 1984. Water & Soil Miscellaneous Publication No.83: 273-303.



Stewart, D.  1996.  Teviot catchment mean and low flows at Lake Onslow outlet, Horseshoe Bend and Marslin Dam sites.  Report prepared for Central Electric Limited.



Townsend, C.R.  1996.  Invasion biology and ecological impacts of brown trout Salmo trutta in New Zealand.  Biological Conservation 78: 13-22.



Whitaker, A.H.  1993.  A survey of the terrestrial vertebrates of the Horseshoe bend area, Teviot River, Central Otago.  Unpublished report, Central Electric Ltd.



Whiting, R.  1986.  Water-based recreation on the lower Clutha River.  Fisheries Research Division, NZ Ministry of Agriculture and Fisheries.  Fisheries Environmental Report No. 61.  155p.







Dr John D. Stark

Dr John W. Hayes

Cawthron Institute

6 March 1997





�

Appendix 4:  Depth ranges and widths of the Teviot River between Bridge Huts and Horseshoe Bend during low flow simulations.
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�

� 1 cusec = 28.32 l s-1.

� Subsequent investigations by Cawthron on 12 December 1996 recorded Galaxias anomalus in Old Hut Creek at Infomap 260 G43: 22314 55148.
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scheme on the Teviot River.

§  Stark J and Strickland R,1997. Assessment of Impacts …hydro and irrigation
schemes on the Teviot River Catchment. Cawthron report 401, for
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Thanks
 
Hilary
 
From: Tony Jack <tony.jack@pioneerenergy.co.nz> 
Sent: Thursday, 22 March 2018 12:39 PM
To: Hilary Lennox <Hilary@landpro.co.nz>
Subject: Fwd: Onslow supplementary information.
 
 
---------- Forwarded message ---------
From: Ross Dungey <ross.d.consult@gmail.com>
Date: Thu, 22 Mar 2018 at 11:59 AM
Subject: Onslow supplementary information.
To: Tony Jack <tony.jack@pioneerenergy.co.nz>

Hi Tony, report attached, I hope this answers the questions.It seems to be a small variation
and therefore with few detectable affects other than the positive to the Teviot River. But the
whole scheme currently seems to operate well with few discernible adverse effects so there is
little to moderate even with late season increased flows. Rainfall seems likely to limit your
opportunity to utilise the advantage the increased draw down may give.
Regards
Ross

--
 
 
Tony Jack
Development Engineer
11 Ellis Street, Alexandra, PO Box 275
Alexandra 9304, New Zealand
P: +64 3 440 0801
F: +64 3 448 9439
M: +6427 733 2555
W: www.pioneerenergy.co.nz
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