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1. INTRODUCTION

Waters of the upper Waitaki catchment have been
modified substantially for the production of hydro-
electric lÐwer, with resulting major effects on fisheries
(James 1985). In the Ohau catchment, water has been

diverted from the natural outlet of I¿ke Ohau since
1979. Most of the outflow now p¿rsses through a set of
control gates into the Ohau canal, which joins with the
Pukaki canal and discharges through Ohau A power
station into a new lake, I:ke Ruataniwha, which floods
part of the old Ohau River channel. A weir has been
constructed across the natural lake outlet, and this
allows the old upper Ohau River channel to be used as

a spillway.

Historically, the Ohau River had a mean annual
discharge of 79 m3/s. Although all of the flow was
legally able to be diverted into the canal, a residual
discharge of about 0.4 m3ls normally has been allowed
to discharge through a "frsh pass" (or culvert) at the
Ohau outlet weir, and flows down the old river bed to
Lake Ruataniwha. The flow is supplemented by
groundwater, so that in the lower reaches it is normally
about 1 m3/s lBiggs 1990). The flow through the
"pass" varies with lake level, and recently was

measured at I.28 m3ls at a site 2 km below the weir,
when the lake level was at the weir crest.

During hydro-electric development in the upper Waitaki
catchment, the Waitaki Valley Acclimatisation Society
(now part of the Central South Island Fish and Game
Council's region) recommended to the (then) N.Z.
Electricity Department that, to support angling,
minimum flows of 7 m3ls and 14 m3/s, respectively,
would be required in the upper and lower Ohau River.
However, nothing resulted from this submission.

A report on residual flows in the upper Ohau River by
Trought (1984) indicated that the very small residual
flow of 0.4 m3ls was providing rearing habitat for
juvenile trout, and should be maintained until further
work provided more definitive answers about the
importance of this flow, or higher flows, to the fishery.
Trought's report was based on limited investigations
undertaken in 1983, but provides a useful comparison
for some of the work carried out in this study.

In 1986, the Waitaki Valley Acclimatisation Society
presented a submission to Electricorp recommending
Îåat a residual flow of 10 m3/s be provided in the upper
Ohau River, to re-establish a valued sport fishery and to
provide increased recreational opportunities for the
region. Their submission summarised the biological and
angler information available at that time.

Under new legislation (Resource Management Act
1991), Electricorp was required to apply for water
rights for its power generation facilities on the upper

Waitaki system by August 1990. The Corporation
considered that, before such rights were applied for, it
was important to have an assessment of the current
fisheries values of the upper Ohau River, and what
benefits might accrue to fisheries if the residual flow
down the river was increased. Thus, in early 1989,

MAF Fisheries was commissioned by Electricorp to

undertake studies and to prepare a report on the fish
resources of the upper Ohau River, including
predictions on the effect of different residual flows on
potential trout stocks. The study brief included an

assessment of whether or not the "fish pass" at the Ohau

weir is able to provide access for trout and/or sockeye

salmon into Lake Ohau, and a comparison of current
fish stocks in the upper Ohau River with those in the

Ohau canal.

The upper Ohau River is 11.5 km in length from the

weir to Lake Ruataniwha, whereas the Ohau canal is
8.5 km in length from the lake control structure to its
confluence with the Pukaki canal (Fig. 1). The upper

Ohau River bed is notable for the high proportion of
boulders and large cobbles (Fig. 2), many of which are

exposed at the present residual flow. The quantity of
large-sized substrates generally decreases downriver, but
there are still some boulders present in the lower
reaches. The lower 1 km of the river was bulldozed
extensively in 1984, resulting in the presence of some
areas of gravels suitable for trout spawning. However,
high flood flows (up to 200 m3/s¡ in mid and late
December 1989 washed virtually all of these gravels

down into the lake.

2. METHODS

2.1 Adult Trout

2.1.1 Spawning Surveys

Monthly surveys of five sections, A-E (Fig. 1), of the
upper Ohau River were undertaken on foot between
May and October 1989. When it became apparent that
spawning was restricted largely to the lower sections, it
was decided to survey the uppermost two sections (A
and B) two-monthly. For the October survey, a quick
check of the main spawning area in Section E was

made, and, as no new redds were found, it was decided
to abandon surveying the rest of the river.

On each survey day, the location of e¿ch new redd
observed and any fish seen were marked on a series of

Freshwater Fisheries Centre



FIGIIRE 1. The upper Ohau River and Ohau canal, showing localities and sampling sites mentioned in the text.
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FIGIIRE 2. Electric-fishing in the upper Ohau River at site 1, showing the bouldery nature of the substrate.

maps. In most cases, new redds could be distinguished
from older ones by observing the colour of the freshly
dug gravel, and by comparing their location with redds

recorded eadier on the maps. There were a few
occasions, however, aspecially in Section E during the

peak of the run, when new redds were very close
together and possibly superimposed. In such cases,

estimates were made of the likely number of redds
present.

When trout were seen, every effort was made to

identify the species.

2.1.2 Ohau River - Drift Diving

Six snorkel divers drift-dived four sections of the upper

Ohau River on 30 October 1989: a top section from the

weir downstream for 2.6 ko; a section (0.5 km in
length) including the "swimming hole" pool starting
4.3 km downstream of the weir; a middle section
(1.5 km in length) beginning 6.8 km from the weir;
and a lower section (1.8 kn in length) starting 9.7 km
from the weir and finishing at I-ake Ruataniwha
(Fig. 1). Underwater visibility was 4 m at the lake

outlet and increased slightly with disønce downstream.

The low residual flow meant that the riffle areas were
too shallow to drift, and so only areas with water depths

greater than about 0.6 m were covered effectively.

Shallow riffle areas were predominant in the middle and

lower sections of the river.

2.1.3 Ohau Canal - Drift Diving and Netting

A drift dive of three sections of the Ohau canal was

undertaken on 5 December 1989 by eight scuba divers

and four snorkel divers (Fig.3), The 1 km sections

were at the upper, middle, and lower ends of the canal

(Sections 1, 3, and 4 in Figure 1). Strong north-west
winds over the preceding few days had reduced

underwater visibility to 2.75 m (secchi disk), although

visibility is commonly higher than this, and can be up

to about 5 m (Trought 1984). The dive was proceeded

with, but fish counts were not expected to be very
good.

It was intended to have a floating and a sinking gill net,

each 7O-mm-mesh, installed at the lower end of each

section prior to the dive, in an attempt to close off the

section and to prevent fish that might have been herded

ahead of the divers from escaping downstream. The top

section was dived at a flow of 4O m3ls, and, while this

allowed the nets to work satisfactorily, it was too slow
for the divers. The middle and lower sections were

dived at 80 m3ls, which was good for the divers but
brought the sinking gill net up off the bottom (even

Freshwater Fisheries Centre
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FIGURE 3. The drift diving team preparing to survey a section of the Ohau canal.

though it was heavily weighted), and eliminated it as an

effective barrier. The floating net was dispensed with
after the top section had been dived, because no fish
were caught in it, and the divers expressed some
concern with safety aspects at higher flows.

A second opportunity to estimate trout abundance in the
Ohau canal arose unexpectedly when Electricorp
drained the Ohau and Pukaki canals to undertake

maintenance *otk'io December 1989. Staff from the
Waitaki Valley and South Canterbury Acclimatisation
Societies assisted MAF Fisheries staff in capturing and

counting all trout in Sections I and 2 (Fig. 1) at the
upper end ofthe Ohau canal.

Flow into the Ohau canal was turned off at 0800 h on
Friday 8 December. Stop nets were installed across the
canal in two places, 1 km and 3 km, respectively,
below the intake structure, thus creating two sections
(Fig. 1). It was impossible to close off any sections
further down the canal, because the water velocity was
too great. The stop nets were sinking gill nets of 70-
mm-mesh, with additional heavy weights along the
leadline. The net was successfully installed at the upper
site by 0830 h, where¿s at the second site, 2 km
downstream, the net was kept off the bottom by the
greater water velocity until about 1100 h, when it first
became an effective barrier (Figs. 4 and 5).

Towards the end of the afternoon, when the flow had
almost ceased, seining operations began and these
continued the following morning until all fish in the two
sections had been caught. As they were caught, trout
were counted, measured, and weighed, and then
transferred by tanker or helicopter to the lower Pukaki
canal, Lake Ruataniwha, or L¿ke Ohau.

2.2 Juvenile Trout and Native Fish

Monthly electric-fishing surveys of the upper Ohau
River were undertaken between October 1989 and
February 1990. Sampling dates were intended to be in
the middle of each month, but several events in
December and January upset the planned routine. The
canal dewatering undertaken by Electricorp from 8 -
14 December meant that there would probably be spill
flows down the upper Ohau River, so the December
electric-fishing survey was scheduled beforehand. In
mid and late December there were two storm events in
the catchment, with large spills of water (up to
200 m3/s) down the upper Ohau River. We tried to
schedule a survey immediately following these events,
but were not able to do so. The January survey was not
completed until later in the month.

Five sampling sites were established (sites 1-5, Fig. 1),
each 20 m long by 5 m wide, comprising an area of

Freshwater f isheries Centre
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FIGURE 4. The upper part of the Ohau canal when it was completely drained. The control gates at l¿ke Ohau

can be seen in the background.

FIGIIRE 5. The stop net across the Ohau canal at the downstream end of Section 1. A large trout is being removed
from the net.

about 100 m2. As most of the spawning had occurred
in the lower reaches of the river, it was considered
important to have two of the five sites (sites 4 and 5)
located in Section E, above I¿ke Ruataniwha. The sites
chosen were along the river margins, and were
permanently marked by metal stakes driven into the
river bed at the corners of the area to be sampled
(Fie. 6).

Before electric-fishing each site, a fine-meshed stop-net
was placed around the three outer sides of the area,

attached to the metal stakes (Fig. 7), with the river bank

forming the fourth side. Rocks were placed along the
bottom edges of the net to anchor it to the river bed and
prevent fish from escaping underneath.

A generator-powered electric-fishing machine was used,
supplying a pulsed current at 4O0 volts. Each site was

Freshwater Fisheries Centre
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FIGSRE 6. Electric-fishing site 2 in the upper Ohau River, showing the metal stakes which defined the sampling

area.

FIGTIRE 7. Electric fishing site 3 in the upper Ohau River, showing the stop net in place'

tr'reshwater Fisheries Centre
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fished consecutively three times (each time = a "pass "),
working in an upstream direction (see Figure 2).

All fish captured on each pass were identified and
counted, and all trout were measured and weighed
(except when numbers were large, when sub-samples of
30 fish were taken). Fish were welghed on a Mettler
electronic balance, accurate to about 0.05 g under field
condition$. After processing, fish were released at the
same siþ.

2.3 Benthic Invertebrates

Benthic invertebrates were collected from a riffle at
each of sites 1, 2, and 5 (Fig. 1) on 13 July 1989
(representing winter), 16 October 1989 (spring), 29
January 1990 (summer), and 30 April 1990 (autumn).
Five replicate samples were collected from each riffle
using a 0.1 m2 Waters and Knapp sampler (Waters and
Knapp 1961) fitt€d with 35O-micron-mesh net. At
site 1, the substrate was predominantly boulder, and so
the sampler was placed over a single boulder which was
then brushed thoroughly to remove the invertebrates.
Substrates at sites 2 and 5 were finer and could be
brushed, removed, and then stirred.

In the laboratory, each sample was sorted by hand
under a stereoscopic microscope and the invertebrates
were counted and identified.

2.4 Predictions of Trout Habitat and
Abundance

Two reaches, A and B (Fig. 1), were selected as

representative of the majority of the river. The lower
2 km of the river above l-ake Ruataniwha were not
considered, because of the morphological changes and
deposition of gravel occurring in that section of the
river channel. Reach A was a boulder run just below
the weir (Fig. 8). It was selected because such habitat,
especially at lake outlets, has been shown to support
outstanding trout stocks (Teirney and Jowett 1990).
This reach was relatively uniform, so that only 11

cross-sections were surveyed, at a flow of 6.97 m3ls
(Fig. 9). Reach B was 3 km downstream of the weir
(Fig. 10). It contained a mixture of wide, low gradient
pool or slow run, short steep riffle, and run habitat.
Nineteen cross-sections were surveyed, at a discharge of
9.01 m3/s (Fig. 11).

At each cross-section, water depth, velocity, and
substrate composition were recorded at intervals of
between one and two metres, depending on the
uniformity of the section. The water surface level was
measured at eåch cross-section, and distances between
sections were measured so that water surface slopes
could be calculated.

The water surface level measurement at the downstream
section of e¿ch reach was repeated when the river flow
had been reduced to 1.286 m3/s. For flows between
I m3/s and 12 m3/s, a discharge/level relationship was

FIGTIRE 8. Reach A on the upper Ohau River (ust below the outlet weir), at a flow of 1.2 mzls.

Freshwater Fisheries Centre
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FIGTIRE 9. The sane site as in Figure 8, photographed when the flow was 6.97 mzls.

FIGT RE 10. Reach B on the upper Ohau River (looking upstream) at a flow of L2 mzls.

derived for the downstream section of each reach, by
fitting a curve through the two points (the level and
discharge on the day of the survey, and the level and
discbarge at the reduced flow). Each reach was
modelled hydraulically, and water depths and velocities
predicted for flows between 1 m3/s and 12 m3/s.

Preliminary data from 63 rivers around New Zealand
show that brown trout biomass (weight of fish in a
given area, e,9., glm2) is related to three instream

habitat preference curves: brown trout spawning
(Shirvell and Dungey tr983), adult rainbow trout (Bovee
1978), and food production (Waters 1976). The
optimum water velocity for each of these curves is
0. 25-0. 45 m/s for brown trout spawni ng, 0.37 4.43 ml s

for adult rainbow trout habitat, and 0.64-0.85 m/s for
food production. The variation in instream habitat
(weighted usable area: WUA) for these three preference
curves was then evaluated for each reach, and summed
to give. a total WUA for the river.

Freshwater Fisheries Centre
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FIGIIRE t-1. The same site as in Figure 10, photographed when the flow was 9.01 m2ls.

Over the past five years, meåsurements of trout
abundance, periphyton, benthic invertebrates, water
quality, hydrology, and instream habitat have been

made in over 60 rivers around New Zealand. These
data were collected so that models of brown and
rainbow trout biomass could be developed. Preliminary
analyses undertaken for this study indicate that a

number of multiple regression models can be developed,
and that these models explain over 70% of the variation
in brown trout biomass (Fig. 12).

The first model used in this report to estimate the
variation in brown trout biomass with flow is based on
six variables: stream gradient, instream cover, substrate
size, percentage lake area, WIIA for food production,
and WUA for brown trout spawning. This model is a
linear, multiple-regression model, where the
contribution of each variable to the trout biomass is
computed individually and then added to arrive at the
total biomass. This form of model has been used

commonly (e.g., Binns and Eisermann 1979), but it has

several disadvantages. Negative results are predicted
easily, and high biomass can be predicted in situations
where the biomass obviously should be zero (e.g., zero
flow, high water temperatures, or unsuitable substrate).
The linear regression equation is shown in Table 1.

To remedy some of the deficiencies in a linear model,
a second model has been developed. This model is
non-linear and assumes that if the available habitat
(flow) is zero, and temperature or substrate are
unsuitable, then the biomass would be zerc. A fourth
variable has been incorporated, which either increases
or decreases the brown trout biomass according to the

percentage of lake area in the catchment, the amount of
instream cover, the mean water depth at median flow,
and the square root (sqrt) of the river gradient. This
non-linear regression equation is:

biomass: main* (sqrt(gradient) * cover + %lake
area * water depth)

where main is a temperature preference factor (between

0 and 1), multiplied by a substrate preference factor
(between 0 and I ) , multiplied by the amount of instream
habitat at median flow (food producing preference

values). The preference values used, and the
coefficients of the other contributing variables, are

shown in Tables 2 and3.

3. RESTJLTS

3.1 Spawning Surveys

3.1.1 Redd Numbers

Numbers of redds observed during spawning surveys in
the upper Ohau River are shown in Table 4. Adult
trout data collected from the river in 1984 (Graynoth er

al. in prep.) showed that most brown trout spawned
from May to late July, and that most rainbow trout
spawned from late July to September. Thus all redds

found in the May, June, and July surveys were assumed

to have been made by brown trout, and those observed
in the September and October surveys were assumed to
have been made by rainbow trout. Redds observed in

Freshwater Fisheries Centre
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FIGIIRE 12. Two multiple regression models, (a)

non-linear and (b) linear, which can be used to
predict brown trout biomass.

TABLE 1. Coefficient and probability valuas for the

variables used in the linear regression equation to

predict brown trout biomass (g/m2) (model 1)'
(WIJA : weighted usable area.)

Variable Coefficient

Constant

Square root (gradient)

Cover grade

Substrate size

% lake aræ

'WUA brown trout
spawning

WUA food production

-r.572 0.100

-39.318 0.000

0.351 0.020

0.155 0.002

0.370

12.982

2.æL

0.000

o.otz

0.086

August were assumed to compise 50% browns and

507o rainbows.

Several brown trout carcasses were observed during the

June and July surveys, and three rainbow trout
carcasses were found near the lower end of Section E
during the August survey. All of the rainbows were
about 50 cm in lenglh; one had been eviscerated,

another was spawned out, and the other was still fi¡ll of
eggs. Thus it seems likely that a reasonable amount of
rainbow trout spawning actually had occurred by early
August.

A total of 186 redds was counted, of which 168 (n%)
were assumed to be brown trout and 18 (LO%)

rainbows. Even if all of the August redds were

assumed to be those of rainbow trout, rather than only
half of them, the total number of rainbow redds would
still be only 25, i.e., 13% of the toøl. Thus rainbows
comprised only a small proportion of the spawning fish,
a similar situation to that observed in 1984, when adult
trout trapping data indicated tbat rainbows comprised
t8% of the n¡n.

3.1.2 Timing

The adult trout trapping data from 1984 (grouped on a
weekly basis) showed a small peak of rainbows in late

August/early September (Graynoth et aI. in prep.), but
it would have been surprising if we had observed this in
our monthly surveys, and we didn't. Monthly
cumulative redd count totals (Table 4) showed that l6Vo

of redds had been deposited by mid MLty, 54Vo by mid
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TABLE 2. Preference values fbr each
biomass (g/mr) (model 2).

l6

variable used in the non-linear regression equation to predict brown trout

Mean annual
temperature

("C) Preference value Substrate type Prct'crence value Velocity (m/s) Prct'crencc valuc

l3

l5
0

I

I

0

1.0

0.9

0.8

0.3

0.0

0.0

t.0

I

0

Bedrock

Boulder

Cobble

Gravel

Fine gravel

silt

Vegetation

<0.15

0.64

0.85

> t.30

Square root (gradient)

Cover grade

7o l:¿ke arø

Water depth

TABLE 3. Coefficient and probability values f'or the
variables used in the non-linear regression
equation to predict brown trout biomass (g/m2)
(model2).

Variable Coefficient

than browns, but this may have been a functir¡n of thc
low tlows restricting access fbr both species, together
with the very limitcd availability of suitable spawning
gravels.

3.2 Adult Trout Abundance in the Upper
Ohau River

Numbers of trout observed cluring spawning surveys
were low (Table 5). On the three occasions when thc
entire length of river was surveye<I, a maximum of six
fish was seen. On the two occasions when only
Sections C, D, and E were surveyed, 12 ancl two fish,
respectively, were observed. Trout were seen only in
the larger pools, but, even there, cover was limitetl
because of low flows. It is likely that most, if not all,
of the trout secn fiom the banks could be classifiecl as
large ()40 cm in length).

Numbers of trout seen cluring a drift dive of the upper
Ohau River on 30 October 1989 also were low
(Table 6). Because extensive areas of small fish habitat
were too shallow to dive (see Section 2.1.2), the
number of small, and possibly medium, trout recorde<l
would have been under-estimated. It is likely, howcver,
that most large trout werc seen. Only eight large brown
trout and one large rainbow trout were seen in the 6.4
km of river covcrcd by the survcy. These represent
densities oÌ 1.25 brown trout and 0.15 rainbow trout
per km. Estimated total numbers of large trout f'or the
full length of thc upper Ohau River at the time of the
drifl diving survey were about l4 brown trout and two
rainbow trout.

-r90.5

2.726

t.605

9.004

0.000

0.000

0.000

0.004

June,877o by mid luly,95% by mid August, and IOOTo
by mid September.

3.f.3 Distribution

Most spawning (68%) occurred in the lower I km of
the river (Section E) (Table 4), in an area about 150 m
in length, which had been bulldozed extensively in
1983. SectionD (2.3km) contained26Vo of redcls, ancl

ed to spawn in similar areas;
72Vo of rainbow trout spawnerl
TVo,respætively, in Section D;

and SVo and 1l%, respectively, in Section C. Thus
rainbows were not observed to spawn f'urther upstream

F'reshwater f isheries Centre
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TABLE 4. Number of trout redds counted in the upper Ohau River in 1989 by sampling date, section (distance

surveyed is shown in brackets), and species.

Date

A
(3.0 km)

BT RT

B
(2.3 km)

BT RT

c
(2.9 km)

BT RT

D
(2.3 km)

BT RT

E
(1.0 km)

BT RT

Total

BT RT

Total
both

species

18.05.89

22.06.89

17.o7.89

15.08.89

20.09.89

16.10.89

Total

0

0

2

4

2

0

8

22

16

0

T9

46

42

7

29

72

60

7

29

72

60

15

10

0

186

0

0

000

0

3

346

0

2

2

0

0 168tt4

I
5

0

t3

I
10

0

18

BT:
RT:

brown trout.
rainbow trout.
not surveyed.

TABLE 5. Number of live trout observed during
spawning surveys of the upper Ohau River in
1989. (- : section not surveYed.)

TABLE 6. Number of trout seeu during a drift dive
ofthe upper Ohau River on 30 October 1989 by
section, species, and size. (Size groups are: S :
(20 cm; M : 20-4O cm; L : )4O cm.)

Section

Brown trout Rainbow trout

SMLSML
Survey date

Section

BCD Total

18.05.89

22.06.89

t7.07.89

15.08.89

20.09.89

16.10.89

Total

000
001
000
000

t43

01

10

03

t4

0

11

0

I

2

0

I

0

1

I

01
012
01
02
06
00
022

Top (2.6 km)

Middle (1.5 km)

Lower (1.8 km)

Swimming hole
(0.5 km)

Total (6.4 km)

543
000
022
003

56 00

3.3 Adult Trout Abundance in the Ohau
Canal

3.3.1 lhift Diving

Numbers of trout seen during drift dives of three

sections of the Ohau canal on 5 December 1989 are

given in Table 7 . Results for the top section also

include fish caught in the sinking gill net; nothing was

caught in the floating net. Based on the number of fish

seen, trout abundance in the canal could be described as

"medium" (after Jowett and Hicks 1985). However,
because visibility \¡/as lower than is normally
acceptable, these conclusions are ofdubious value.

Total numbers of trout seen in each of the three sections

were surprisingly similar (56, 55, and 57), suggasting

that trout density is similar down the lenglh of the
canal. There were indications, however, that there

were proportionately more large fish, and probably

more rainbows, near the upper end of the canal.

tr'reshwater Fisheries Centre
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Nu¡nbers of unidentified trout increased in the middle

and lower sections, probably because the increased flow
made species identification more diff,rcult.

3.3.2 Netting

There was an average of 350 trout/km for all three

kilometres netted (Table 8). Total trout abundance was

greater (377 per km) in Section I (below the control
gates), than in Section 2 immediately downstream (336

per km). Total biomass ftg/km) estimated for the

whole reach, using the method of Jowett and Hicks
(1985), gave a mean of 128.8 kg/km, with estimates of
156.5 kg/km and 116.4 kg/km for Sections I and 2
respectively. When the length-weight data collected

during this study were used to estimate the biomass, a
more accurate mean value of 197.5 kg/km was derived.
Given the relatively poor condition of trout in the canal,

we expected the biomass value for canal fish to be

markedly lower than that obtained using Jowett and

Hicks' technique.

Rainbow trout comprised only about 6% of the trout
captured from the canal. Medium-sized brown trout
(between 2O cm and 4O cm in length) were by far the

most abundant group (Fig. 14), comprising 81% of all
trout present. There were fewer large trout ( ) 4O cm),
with large browns comprising only 9% and large
rainbows only 17o of the total. The largest brown trout
caught was 3.5 kg in weight and73 cm long, and the
largest rainbow weighed 1.6 kg and was 53 cm in
length. There were substantially more large fish of
both species in Section 1 than in Section 2. [t seems

likely that the fish in the upper section were living
mostly in the pool area below the intake stmcture,
where it could be expected that there would be more
food, and certainly more cover in the form of large
riprap. Small fish, especially rainbows, were rare.

Most trout caught were in only fair to poor condition,
suggesting that there were probably too many fish for
the available food supply. The average conditionfactor
for 2I7 brown trout was 107, and for 38 rainbow trout
it was 113.

If the density of trout in the netted sections of the Ohau
canal was similar to that throughout the rest of the
canal, then there were in the order of 3000 trout living
in the Ohau canal at the time of the drawdown.

3.4 Juvenile Trout

Mean lengths of brown trout fry in the upper Ohau
River increased from 33.1 mm in mid October to 83.1
mm by mid February, whereas rainbow fry increased in
length from 28.8 mm to 76.3 mm over the same period
(Table 9, Figs. 15 and 16). This represents a growth
rate of about 12 mm per month for both brown and
rainbow fry. On a few occasions (such as at site 3 in
November and February), rainbow trout fry were
captured which were as long as any brown fry taken in
the sample. This leads to the conclusion that some
rainbows may have spawned earlier than we had
assumed (see Section 3.1.1).

TABLE 7. Number of trout seen in a drift dive of the Ohau canal on 5 December 1989, by section, species, and

size. (Size groups are: S : (20 cm; M : 20-ß cm; L : >40 cm.)

Site

Brown trout

SML
Rainbow trout

SML
Unidentified trout

SML
Section 1

No. seen

No. caught in stop net

Tot¿l

Section 3

No. seen

Section 4

No. seen

7

I

8

0

1

1

54
72
126

3

2

5

6II 3

000
611 3

L2

2t

11

ll

t2

l1

4

0

4

Freshwater Fisheries Centre
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FIGIIRE 13. Distribution of trout redds in the two /ower sections (D and E) of the upper Ohau River in 1989.
(Numbers indicate the number of redds observed in the vicinity of each dot.)

Freshwater Fisheries Centre
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TABLE 8. Number of trout captured in two sections in the upper Ohau canal during the drawdown in December

1989. (Sizegroupsare: S: (20cm; M:2O-4O cm; L: >4ocm.)

Brown trout Rainbow trout Bolh I
Í

s M L Total s M L Total 
tl""ä:* 

No./km Kg/km* Kg/kmt f

Section I (1 km)

No. captured l7 274 56 347 2 22 6 30 377 377 156.5

Vo of.toøl 4 73 15 92 0 6 2 8

Section 2 (2 km)

No. captured 29 570 4 643 I 27 | 29 672 336 116.4

Tooftotal 4 85 7 96 0 4 0 4

Both sections (3 km)

No. captured 46 84 100 990 3 49 7 59 IO49 350 128.8 197.5

No. per km 15 281 33 33O I 16 2 20 350

%oftotal 4 81 9 94 0 5 I 6

'È : values calculated using technique of Jowett and Hicks (1985).

T : values calculated using length/weight data from fish sampled during the canal drawdown.

TABLE 9. Mean lenglhs (mm) of 0* and 1* brown trout and rainbow trout from the upper Ohau River, for all
sites combined. (The sample size (N) and standard deviation (SD) are shown in brackets (N,SD).)

Age 0+ (fry) Age 1+ (yearling)

Date Brown trout Rainbow trout Brown trout Rainbow trout

1ó.10.89 33.1 (1O4, 4.6) 28.8 (43,3.4) 134.8 (4,3.6) L2O.O (1, -)

14.11.89 47 .5 (91, 7.0) 35.1 (85, 8.9) 141.0 (1, I
06.t2.89 57.9 (107, 8.1) 48.0 (85, 9.0) 155.0 (2, r2.7)

23.01.90 76.6 (20, 8.6) 68.0 (5,9.4)

15.02.90 83.1 (19, 9.3) 76.3 (8, 9.7)

Insufflrcient numbers of yearling trout were caught to fish, were calculated for each species:

make any definitive statements about growth, but mean
lengths of the few l* brown trout that were caught brown LnW:3.244LnL-I2.43O (n:244,r:
increased from about 135 mm to about 155 mm between .997)
mid October and early December (Table 9).

rainbow Ln W : 3.395 Ln L - 13.010 (n : 121, r :
Juvenile trout were weighed, and length-weight .994).
relationships, using the data from both fry and yearling

j

Freshwater Fisheries Centre



2l

|J
C
o)
lu
o

35

30

25

20

15

10

5

o
3E0

Length

110

(mm )

FIGURE 14. Length distribution of (a) brown trout and (b) rainbow trout sampled from the Ohau canal by netting
during the drawdown in December 1989.
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FIGIIRE 15. Mean lengths of brown trout sampled

from the upper Ohau River by electric-fishing
between October 1989 and February 1990.
(Vertical lines : range of values; bars : one
standard deviation either side of the mean.)

Estimated densities of juvenile trout were highly
variable between sites, but, as expected, generally
decreased over the summer (Table 10, Fig. 17 a, b).
Total mean densities of brown and rainbow fry, for all
sites and sampling dates, were O.29lm2 and 0.18/m2,
respectively, with maximum densities commonly around
I.0lm2 shortly after emergence.

At the uppermosttwo sites (1 and 2), which were above
any observed spawning, the densities of brown and
rainbow trout fry were very low or zero until after the
high flood flows in December and January, when they
increased slightly. Although the increases were small,
they are probably quite impofant as they suggest that
fry are recruited from I¿ke Ohau and its tributaries
during periods of higher flow. At these two sites, the
density of yearling ¡ainbow trout was always zero,
whereas the density of brown trout yeadings was low
until early December and zero thereafter.

At site 3, just below the upper limit of observed
spawning, moderate densities of brown trout fry
(0.5/m) were found in October, but rainbow fry did not
appear until the following month. No yearling fish
were captured at this site.

At sites 4 and 5 (iust above I¿ke Ruataniwha and
downstream of almost all the observed spawning),

Jon

Sompling dote

FIGURE 16. Mean lengths of rainbow trout sampled

from the upper Ohau River by electric-fishing
between October 1989 and February 1990.
(Vertical lines : range of values; bars : one

standard deviation either side of mean.)

densities of fry were usually much higher than at site 3.

Rainbow fry were common (L .l lfi) at site 4 in October

and November, but were rare (0.1/m2) at site 5, 200 m
downstream, until November. Few yearling brown
trout were caught at these sites in October, and none
were present thereafter. One rainbow yeading was

taken in October, but none were caught subsequently.

Slightly more than 6OVo of the trout fry estimated to
have been present during the sampling periods were
brown trout.

3.5 Native Fish

Three native fish species \¡/ere common in the upper

Ohau River: common bullies (Gobiomorphus
cotidianus), upland bullies (Gobiomorphus breviceps),

and koaro (Galavias brevipinnß). Longfinned eels

(Anguilla dieffenbachü) were very rare, with only one
large individual being captured on two consecutive
sampling surveys in exactly the same losation.

Estimated densities of the native species captured are

given in Table 10. Common bullies were restricted
largely to the lower few kilometres of the river, being
taken only very rarely at sites I and 2 (Fig. 17c).
Upland bullies were generally more abundant at the

Sompling dqte
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TABLE 10. Estimated densities (numbers/lO0 m2) of fish caught during electric-fishing surveys in the upper Ohau

River.

Date

Brown Rainbow
Brown trout Rainbow trout

Site trout fry yearling trout fry yearling
Common Upland

bully bully
Longfinned

eelKoaro

r6.10.89

14.11.89

06.12.89

23.0r.90

15.02.90

0

0

0

0

0

52

259

38

0

1

I

2

3

4

5

37

r04

72

0

I

23

û
47

3

5

1

7

6

2

I

2

1l

3

n3

12

0

0

26

n3

86

0

0

I
L9

61

1

0

0

0

4

0

0

2

2

4

2t

I4

I4

0

0

9

6

35

2

2

7

8

13

0

0

6

t4

t6

0

2

23

3L

55

13

l8

6

18

5

t3

35

9

I4

4

I4

19

L2

t3

11

30

37

T2

0

1

9

5

8

I

2

20

4

4

0

0

7

2

6

0

5

7

t6

9

0

8

7

15

I4

0

0

I

2

3

4

5

1

2

3

4

5

I

2

3

4

5

1

2

3

4

5

1

6

28

46

20

2

7

upper three sites (Fig. 17d). Koaro were rare at the
uppermost site, but were present in low to moderate
numbers at all the other sites (Fig. 17e). Numbers of
both species of bully and of koaro tended to increase
throughoutthe summer, as juveniles were recruited into
the populations.

3.6 Benthic Invertebrates

A total of 43 tzxa was collected from the upper Ohau
River benthos, wiih 33 taxa occurring at sites I and 5,
and 34 taxa at site 2 (Tables 1l-13). Larvae of the
mayflies Deleatidium spp., the caddisflies

þcnocentrodes spp.and Aoteøpsyche spp., and

Freshwater Fisheries Centre



i

i

24

120

100

80

60

10'

20-

0-

N
Eoo

It'

_'
dz

o
A

*
Â

oo
"9tt;

120

r00

00

c0.

,10 -

20-

o.l

N
Eoo

o,
o-

oz
;k

t

N
Eoo

o
_'
dz

t
O fFeæ,

o

*E
oo

c,
CL

ctz

l(

Ê

80

ao

.lO

20

o

t
*o

*

Sompling dote

*ün

o

A

;*

Ê

c{
Eoo
L
c,
o-

dz

x'rGrlRE 17' Estimaled abundance (numberper 100 m2) of (a) brown trout fry, ft) rainbow trout fry, (c) commonbullies, (d) upland bullies, and (e) koaro in the upper oùí River, by .it" ;od;ampting aate.

Freshwater Fisheries Centre

t-

120

r00

80

!0

10

20

o.

120

t00

80

co.

,t0 .

20-

o-

t_



-

TABLE ll. Systematic list
(Mean densities (per 0.1

25

of invertcbrates re¡gorded in the benthos at Site l, Ohau
m2) are given f'or taxa which averaged ) I individual

River, July 1989 - April 1990.
per sample.)

Taxon 13 . 07 .89 16. 10.89 29. 1.90 30. 04.90

PLATYHELMINTHES
TRICLADIDA

Neppia montana
MOLLUSCA

GASTROPODA
Potamopyrgus antipodarum
Lymnaea ep.
Physa Bp.

BIVALVIA
Sphaeriun ep.

ANNELIDA
OLIGOCHAETÀ

CRUSTACEA
OSTRACODA
AMPHIPODA

P aracaTTiope f luv ía¿jJ.is
COPEPODA

INSECTA
EPHEMEROPTERA

DeleatidiuÌn spp.
Austroclina jollyae
AtaTophLeÞjoides cromweL L i

PLECOPTERA
Stenoperla prasina

TRICHOPTERA
oxyethira albiceps
Paroxyethira hendersoni
P. eatoni
Aoteapsycåe spp.
Psil-ochorerna spp.
Costachorerna spp.
Hydrobiosis spp.
Neurochorema confusum
PolypTectropus sp.
Hudsonema anabil-is
Pycnocentrodes spp.
Beraeoptera roria
oJinga feredayi

MEGALOPTERA
ArchichauL iode s diversus

COLEOPTERÀ
Hydora ap.

DIPTERA
Tipu I idae
AphrophiTa neozeL andica
Austrosimuì.ium spp.
Chironomidae
Muscidae

TOTAL
No. of taxa

ls.6
10_.4

2.4

7.8

-

20 .4

r.7

*

t9.2

97 .2
6.4
20.8
2.2
12.8
1.8

2r.8
*

t]-z.2

11.8

1.8

6.8

*

szã. e

751.9
22

44 .2

:

2.4

4.2

-

27 .4
*
*

4.0
*

12.O
94 .6
2r.o
8.6
17.8
2.4
14.8

148.4

zs.a

22 .4

3.8

2.2
3.8

1100.0
*

1563.6
23

s3.2
*
*

3.2

4.8

:

s2.4

*

,-o
*

t72 .6
7.8

37 .6
4.6

*
*
*

38.8
*

2I.6

22.4

I.4

2.6
8.4

t80.2
2.6

62r.4
26

*

94.7
t:o

4.5

3.5

t

2.8

29.5
t:t

175 .8

8.0
44.O
5.5

15. 7

9.3
4.3
2r.o

*
354.3

*
15. 3

8.8

*
*
*

487.O
8.8

L295.6
27

* = <1 animal per 0.1 m2
= not recorded.
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TABLE 12. Systematic list of invertebrates recorded in the benthos at Site 2, Ohau River, July 1989 - April 1990.
(Mean densities (per 0.1 m2) are given for taxa which averaged ) I individual per sample.)

Taxon 13. 07. 89 16. 10. 89 29.L.90 30.04.90

MOLLUSCA
GASTROPODA

P otamopyrgus antipodarum
Lymnaea ap.
Physa EE.

NEì,TAIOMORPEA
GORDIIDAE

ANNELTDA
OLIGOCHAETA

CRUSTACEA
OSTRACODA
A¡.fPHIPODA

Phreatoga¡t¡,narus sp.
P aracalTiope f luviatilis

COPEPODA
INSECTA

EPTIEUEROPTERA
Deleatidium spp.
At al ophl eb io ide s c romw e l- 1 i
Coloburiscus humeralis

PLECOPTERA
Stenopetla prasina
Zelandobíus sp.

TRICHOPTERA
oxyethira aTbiceps
Paroxyethira eatoni
Aoteapsyche spp.
PsiTochore¡na spp.
Cosxachorema spp.
Hydrobiosis spp.
Neutochorema contusum
Polyplectropus sp.
Hudsonema anabilis
Pycnocentrodes spp.
Confluens sp.
olinga feredayi

MEGALOPTERA
Archichauliodes diversus

COLEOPTERA
Hydrophilidae
Hydora ap.

DIPÎERA
Tipulidae
Aphrophila neo zelandica
Austrosimulium spp.
Chironomidae
Muscidae

TOTAL
No. of taxa

47 .2
,_n

16.4

IO9.2
*

L.2

t5.0

317.0
8.0

*

27.4
,_,

5.6

t:'

84.2
t:o

,_,

3.4

4s.6
4.2
3.6
L.2
1.6
r.4

*
15 .8

27.2

8.6

*
24.4

2.2
*

84.2
1.6

349.2
24

70. I
:

*

8.0

5.3

4.3

1.8

286.3

:

*
*

134. 0

186. 3

14.8
16.0
3.5
4.5

*
1.0

366.0

80. s

8.3

16. 3

*
5.8
5.0

7t4.3
14. 5

L947.3
28

267.8
,-,

,_"

6.2
3.4

22 .6
L9.2
5.4
7.6
5.0
r.2

21L.2

48.8

7.6

1s.4

zLa,

395.2
1.6

1094. 4
21

*
136.0
9.8
2.O
L2.6
r.2
*

108. 6
*

52.2

3.8

26.O

*
t.2
3.6

49s.4
*

1302.8
25

*

tr = (1 animal per 0.1 mz
= not recorded.
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TABLE 13. Systematic list of invertebrates recorded in the benthos at Site 5, Ohau River, July 1989 - April 1990.

(Mean densities (per 0.1 m2) are given for taxa which averaged ) 1 individual per sample.)

Taxon 13 . 07 .89 16. 10. 89 29.r.90 30.04.90

MOLLUSCA
GASTROPODA

P otamoPyrgu s ant iPodatum
Lymnaea s9.

ANNELIDA
OLIGOCTÍAETA

CRUSTACEA
OSTRACODA
AMPHIPODA

P atacalTioPe f Luv iatilis
COPEPODA

INSECTA
EPHEMEROPTERA

Deleatidium sPP.
At a 7 ophT eb io id e s c tomte I 7 í
Coloburiscus humetal is
Nesameletus sP.

PLECOPTERA
stenoperla Prasina
Zelandobius sP.
ZelandoPerJa sP.

lRICHOPTERA
Oxyethira albicePs
Paroxyethira hendersoni
P. eatoni
AoteaPsyche sPP.
PsiLochorema sPP.
Costachorema sPP.
Hydrobiosis sPP.
Neutochotema contusum
PoTyPlectroPus sP.
Hudsonema atnabilis
TriplectÍdes sP.
Pycnocentrodes sPP.
oTinga teredaYi

MEGA],OPTERA
ArchichauT iodes divetsus

COLEOPTERA
Ilydora sP.

DIPTERA
Tipulidae
AphrophiTa neo zelandica
Austrosímulium sPP.
Chironomidae
Muscidae
EphydteTTa sP.

TOTAL
No. of taxa

*
*

2t.6

223.O
t:o

*

t7.4

*
*

¿.¿

,-,

29.2
*
*

*

2.2

":'

*
*
*

168.8

1.0
L69.2
5.4

28.0
8.0
2.5
4.0
5.0

81.8
6.4

L.2

3.6

L.2
45.6
760.2
2.2

*
1387 .3

26

**

26.6
*

4.6
42.O
7.4
4.6
5.6
6.6
6.6
4.6

423.8
3.8

*

26.8

3.8
2.6

110.8
*

930.8
25

160. 6

'-'

1.0

:

*
*
*

47.2
6.6
7.4
5.0
1.6

22.2
*

1.0
4L6.2
L2.8

37 .8

*
2.4
r.2

2s8.6
*

1007.8
25

24.O
*

1.0
8.8
2.2

*
*

*

.
6.8
2.O

LL.2

*
*

L4:4

103. O

2t

*

.* = ql animal per 0.1 mz.
= not recorded.
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chironomids were common (generally > l0
individuals/O.1 m2) at all sites in each sampling period.
Other taxa which were common and present in all
sampling periods were the snail Potamopyrgus
antipodarurn (sites I and2), the caddisflies Aryethira
albiceps (site 1) and Olingaferedayr' (sites 1 and 2), and
the riffle beetle Hydorø sp. (sites 2 and 5).

Calculation ofthe Jaccard coefficient and the percentage
similarity of community (Table 14) indicated that, while
the taxonomic composition of benthic invertebrate
assemblages was similar at all sites, there were major
differences in the proportions of the most abundant
taxa. For example, Deleøtidium lawae comprised
1 I0Vo of the fauna at site 1 , but usually ) 2OVo at site
5; þcnocentrodes spp. comprised ) 4O% of the fauna
at site 5 in July and October, but ( líVo at sites 1 and
2; and chironomids comprised up to TOVo of the fauna
at site 1, but never more than 55Vo at the other sites.

TABLE 14. Measures of similarity (based on
taxonomic composition of benthic invertebrates)
between sites l, 2, and 5 in the upper Ohau
River, July 1989 - April 1990.

Percentage
similarity of
community

January. The effects of the flood were most severe at
site 5, where the density of invertebrates in January was
only 1.O7o of the October figure. The taxon affected
most severely was the cased caddisfly þcnocentodes,
with their density declining from a mean of
>4ff,rc.l m2 to 6.8/0.1m2. However, by April the
densities of almost all benthic invertebrates had
increased considerably; this was particularly so at site
5, where mean density in April was about 10x that
recorded in January.

4. PREDICTIONS OF TROUT
IIABITAT ANID ABT]NDANICE

The physical characteristics of each surveyed reach of
the upper Ohau River were similar (Table 15), although
the outlet reach (A) was slightly naûower and steeper,
hydraulically rougher, and contained coarser substrate.

TABLE 15. Physical characteristics of two surveyed
reaches (A and B) in the upper Ohau River,
January 1990.

Reach A Reach B

Date
Sites Jaccard

compared coefficient

13.o7.89

16.10.89

29.O1.90

30.04.90

lx2
1x5
2x5
lx2
1x5

2x5
Lx2
1x5

2x5
lx2
1x5

2x5

0.87

0.81

0.84

o.7t

o.7l

o.67

o.72

o.62

o.73

0.69

0.56

o.77

64.4

37.2

63.7

62.2

61.8

6r.7

70.4

43.3

67.7

79.4

65.2

68.8

300

ll

2r5.75

6.97

0.0039

29.0

o.42

0.51

0.081

Distance from weir (m)

No. of cross-sections

længth of reach (m)

Flow when surveyed (ms/s)

Average slope

Average width (m)

Average water velocity (m/s)

Average depth (m)

Average Manning's N

Substrate composition (%)
Boulder
Cobble
Gravel

Substrate size (cm)

3000

l9

420.t 635.85

9.01

0.0033 0.0035

35.0

0.43

0.52

0.060

68

28
4

24.56 24.82

73

23
4

25.34

The density ofbenthic invertebrates varied considerably
between samplingperiods, with similar trends occurring
at all sites. Thus densities were highest in October and
April and lowest in January. Presumably these declines
in the density of invertebrates were associated with the
severe flood which occurred in December and early

The amount and variation of WUA with flow was
similar for both reaches. This confirmed the initial
field assessment that there was little variation in the
hydraulic behaviour ofthe river, and that the sum ofthe
data from the two reaches would be representative of
the major characteristics of the whole river.

In both the individual and in the summed reaches,
WUA for food production (Fig. l8a) and adult rainbow
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trout habitat (Fig. 18c) preference curves tended to
increase with flow, until about 8-10 m3/s, at which
point the increase in ÎWUA tended to level off. The

brown trout spawning habitat curve (Fig. 18b) showed

a lower optimum flow, and the value for WUA was

very low because there was little gravel in either of the

reaches surveyed.

Brown trout biomass was estimated using both the linear

and the non-linear equations (see Section 2'4). The

percentage of lake area in the catchment was taken as

5.4%, the instream cover grade as 5, substrate

preference value as 0.85, temperature preference value

as 1.0, square root of stream gradient as 0.059, and

WUA and water depth took values appropriate to the

flow. Figure 19 shows how the predicted trout biomass

varied with flow. The non-linear model (model 2) is
more realistic at low flows, but predicts a higher

maximum biomass than the linear model (model 1).

The prediction of trout stocks in a river is difficult.
There is no generally accepted model, and, of thosethat

exist (mainly in the United States), their applicability is
limited to the region for which they were developed and

to the range of parameters or variables used (Fausch et

al. 1988). Instream flow incremental modelling (IFIM)
techniques (Bovee 197 8, 1982) have been used to assess

optimum flows for fisheries by maximising instream

habitat, but there have been ûo tests of the success of
this method. IFIM does not predict actual trout stocks,

and although comparisons of instream habitat with trout
stocks have shown relationships with certain data, they

have failed in many cases.

In this report, data from a large number of rivers
(>60) from throughout New Zealand have been used.

Practically all conceivable variables which might be

related to trout abundance have been measured. One

limiøtion of the data set is that all the rivers measured

were clear. The Ohau River, with its small glacial

component, is not as clear as the other lake-fed rivers

used in the study, and this might have a detrimental

effect on the trout stocks that the Ohau can support.

Our preliminary analysis has selected those variables

which appeared to be most related to brown trout
biomass, and used these to predict brown trout biomass

in the Ohau River. Some of the variables, including

instream habitat, were evaluated by hydraulic modelling
using IFIM techniques.

The Ohau River is a lake outlet river and lake outlets

can support high stocks oftrout (Table 16). Extensive
surveys of trout stocks around New Zealand have

identified prime trout habitat as comprising "boulder
run". The Ohau River is a boulder river with much run

habiøt, and could be expected to support good stocks of

o2468t01214
Flow ( m3/s )

FIGURE 19. Variation in predicted brown trout

biomass with flow in the upper Ohau River, using

the linear and non-linear models.

trout, given satisfactory flows. Comparison of the

Ohau River with some of the best brown trout reaches

in a range of New Zealand rivers shows that the river
gradient, WUA for food production, and substrate size

all take values comparable with these high quality

brown trout reaches, in particular, those measured in

the Gowan River.

Assessment of instream habitat in the upper Ohau, using

those habitat preference curves which are best related to

trout abundance, shows that instream habitat increases

with flow until about 8 m3/s, when it levels off, and

then begins to fall when the flow exceeds about 12

m3/s. Prediction of trout stocks using the two models

described above (see Section 2.4) shows a similar
pattern, although the linear model is unrealistic at low

flows. Both models predict high trout stocks, in the

order of 4.5 - 6.5 gl#, with optimum stocks occurring

in the range 10-12 m3ls. These values equate to

predicted trout densities in the rur,ge 150-220 trout/km

of river.

While the trout modelling presented here is in the

preliminary stages of development, it does identify some

of the important features of a trout river. These

indicate that the upper Ohau River should compare

favourably with other good trout rivers if the flow is

adequate. IFIM and modelling techniques both indicate

that the potential trout fishery in the upper Ohau begins

to decline as the flow drops below 8 m3ls. Modelling
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TABLE L6. Variables relating to brown trout biomass in the upper Ohau River compared to other rivers where
biomass was greater than 3.0 g/m2.

Biomu
River (glmr)

Square

root of
Cover gradient

l¡kc Sub'strate
(%) stze

BTS FP
\il1t4 WLIA Depth
(low) (lo*) (medim)

BTS FP
WUA WUA

(medim) (mcdia¡)

Tmp. Subst¡ate Tenp,'
prefercncc prcfercncc substntÊ'

vcluc v¡luc FPltUAt

Råi 3.0t

Motreka 3.67

Hutt 3.69

Mangla 4.10

Amold 4.31

Hurunui 5.40

Shag 6. 15

Gowm 6,40

Gowm 8,32

Ohau

6.0 0.045

5.0 0.05r

5.0 0.072

7.0 0.063

6.0 0.035

3.5 0.04r

6.0 0.03t

5.5 0.053

5.0 0.053

5.0 0.059

0.061 0.775

0.0út 0.412

0.078 0.256

0.103 0.261

0.034 0.313

0.07E 0.449

0.015 0.015

0.004 0.501

0.m4 0.501

0.008 0.480

0.ó6 0.030 0.334 0.0

0.73 0.011 0.398 0.0

0.ó5 0.039 0.4t7 0.0

0.53 0.040 0.368 0.0

1.06 0.004 0.t20 9.0

0.64 0.(X6 0.476 5.0

0.41 0.019 0.102 0.0

o.tr 0.003 0.3Er 6.0

0.81 0.003 0.381 ó.0

0.5E 0.008 0.410 5.4

13.62 1.0 0.616 0.20,ó

t7.34 0.E 0.65E 0.2t9

12.45 1.0 0.5ó3 0.235

11.31 1.0 0.496 0.1E3

8.03 0.t 0.3t5 0.037

77.39 1.0 0.752 0.35t

31.10 1.0 0.t3E 0.0E6

22.tt 1.0 0.882 0.33ó

22.11 1.0 0.rt2 0.336

24.E 1.0 0.E5 0.40t

BTS

FP
WUA

r

brovrn trout sprming habilat.
food production.
wcighted urablc arca,

Temperaturer rubatra¡c' FPWUA i¡ the 'm¡in' pamrneter in the non-line¡r model,

indicates that the minimum flow which would support
near optimum stocks would be in the range of 10-12
m3/s.

There are several factors which could affect trout stocks
detrimentally and could result in lower numbers than
those estimated here:

. the accumulation of algae and silt, which may occur
under a relatively steady flow;

. the arrangement of the intake structure and weir/fish
pass, which may inhibit the passage of fish and other
organisms, compared with other, natural, lake outlets.

5. EFTECTIVENESS OF TIM, ''FISH
PASS"

The "fish pass" in the Ohau weir was designed locally,
and very little information is available on its design or
method of operation. Electricorp staff do not manage
or manipulate the structure in any way (P. Wilson,
Electricorp, pers. comm.).

The fish pass comprises a 1.8 m pipe from the lake,
which discharges into a sump or splitter box, from
which water is discharged into the river channel via
either a ladder fish pass (Fig. 20) or a 0.89-m-diameter
pipe. The afrangement of a gate on the pipe, and

adjustable stoplogs on the ladder, allow the proportion
of flow taken by each to be adjusted. At present, a

small proportion of the flow passes down the pipe and
the major proportion passes down the ladder. The flow
through the fish pass has not been measured accurately,
but the flow in the river was 1.28 m3ls when the lake
was at weir crest level. This suggests a fish pass flow
of between 0.5 m3/s and 1.0 m3/s, depending on lake
level.

The design of the ladder was, presumably, influenced
by the fish ladder at Aviemore power station. In both,
the vertical height between pools is generally 0.3 m,
and in both it increases to 0.6 m in some instances. At
Ohau, the vertical step into the pass approaches 0.6 m
and the last step into the splitter box is about 0.6 m.
Although a 0.3 m step is the recommended step height
for fish ladders, experience at Aviemore has shown that
trout can ascend steps of up to 0.6 m.

At Ohau, a pool has been formed at the base of the
pass, and, in times of reasonable flow, this would
provide a good resting area for trout and an attractive
entrance to the pass. A pair of stoplogs is provided to
each pool, and these have been set at different heights,
with the side passing most of the flow alternating
between pools (Fig. 20). This is a good feature,
providing a circular eddy in the pool and a resting area
for ascending fish. The major difference between the
Ohau and Aviemore designs is the pool volume.
Aviemore pools are 1.8 m deep, 2.44m wide, and
3.35 m long, for a flow of 0.9 m3ls, and this allows
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FTGIIRE 20. The frsh pass and part of the outret weir from l-ake ohau.

go_od energy dissipation. Ohau pools are 1.0 m deep,
3.0 m wide, and 3.66 m long, with a flow in the ordãr
of 1 m3/s. T\e 25Vo reduction in volume has a
noticeable effect on the amount of turbulence in each
pool. The recommended pool volume is such that a
maximum of 19.6 kg m/s of energy is dissipated per
cubic metre of pool. On this basis, the Ohau pools àre
28% undersae fot a flow of I m3ls.

Another aspect of the pass which has been criticised is
the pipe connection between the ladder and the lake.
Darkness has often been thought to inhibit the
movement of fish, but, to my knowledge (I.G.J.), U.S.
research has not been conclusive.

In conclusion, the selection of a ladder_type pass was a
good one for the lake situation, but the implementation
was less than perfect. Vertical steps of O.O m and the

6. DISCUSSION AND CONCLUSIONS

the Ohau River's flow regime was modified. The

wrìs easy access to extensive stretches of fishable water
throughout the whole river. The opportunity to fish in
peace and solitude on this scenically attractive river was

exception, anglers' comments referred to the devastating
effects of hydro development.

Trought (1984) reported on limited studies, undertaken
in 1983, to assess the value of residual flows in the
upper Ohau River. No redds were observed during a
trout spawning survey in September 19g3, but fry were
captured, sometimes in good numbers, over the next
two months. During a drift dive in December 19g3,
very low numbers of large brown trout were observed,
all in the lower part of the river.

A more comprehensive study of trout stocks in I¿ke
Ruataniwha and in the upper Ohau River was
undertakenin 1983 and 1984 (Graynoth et al.inprep.).
The results provide information on the adult trout
spawning run into
500 brown and ra
and data on juveni
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were considered to be equivalent to, or better than,

those in the Tekapo River and its tributaries).

A report on fish resourc€s in the Ohau and Pukaki
canals (Bloomberg and Graynoth 1991) concluded that

the canals support a fishery of minor importance, and

do not, by themselves, compensate for the loss of the

Ohau River fishery. However, these authors considered

that, on a regional basis, the improvement in the

Tekapo River fishery probably has compensated for the

loss of the Ohau River.

Numbers of resident adult trout recorded in the upper
Ohau River during this study were extremely low at a
few fish per km, a similar situation to that observed by
Trought (1984). Even though moderate numbers of
redds (186 were counted) were constructed during the

1989 spawning season, the number of fish observed in
the river was very low. Spawning trout presumably
spend as little time as possible in the river because of
the low flows and lack of cover.

The number of trout spawning in the upper Ohau River
in 1989 was probably less than in 1984, when 331

females (out of a total run of 481 fish) were counted

migrating upstream (Graynoth et al. in prep.).
Nevertheless, it is unlikely that the number of spawning

fish is currently too low to maintain recruitment into
I-ake Ruataniwha. However, high flows in mid and late
December 1989 washed out virtually all the spawning
gravels in the lower section of the river, and it is likely
that spawning will be much reduced in the frrture.

The distribution of fry in the upper Ohau River through
late spring and summer was very similar to the

distribution of redds deposited during the spawning
season. Thus most of the spawning and fry production
took place in the lower 1 km of the river, with very
limited activity for a few kilometres further upstream,
and nothing observed in the upper half of the river.
One significant aspect was the occumence of small
numbers of fry in the upper reaches after the high
summer flows, indicating some recruitment from I-ake
Ohau.

Juvenile trout abundance in the upper Ohau River was

generally similar to that found in 1983184 (Graynoth el
al. inprep.). In this study, densities averaged O.29 per
m2 and 0.18 per m2 for brown and rainbow trout fry,
respectively, compared with 0.45 per m2 and 0.05 per
m2, respectively, in 1983184.

A considerable reduction in the number of fry and
yearlings over the sampling period suggests some
movement downstream into I¡ke Ruataniwha. Trought
(1984) found that fry in the upper Ohau River migrated

downstream from late October (immediately following
a flood) to mid November. He also found that some
fry remained in the river and reared for up to a year, a

conclusion confirmed by the more extensive electric-
fishing results of this study, where a few yearlings were
caught in spring and early summer, but not the¡eafter.

The higher than expected percentage of rainbow trout
fry recorded suggests two possibilities:

(D there was some superimposition of rainbow redds
on brown redds, resulting in greaær spawning
success of rainbow trout;

(iÐ there was more, and perhaps earlier, spawning of
rainbows than we assumed (i.e., we assumed that
redds constructed up to the end of July were all
browns, that in August they comprisd 5OVo

browns and 50% rainbows, and that those in
September and October we¡e all rainbows).

The occasional capture of rainbow trout firy which were
as large as any brown trout fry caught at the same time
adds support to the latter possibility. Graynoth et al.
(in prep.) found a considerably smaller proportion of
rainbow trout fry than we found in this study.

Based on the results of the various spawning, electric-
fishing, and fry trapping surveys undertaken in the
upper Ohau River, it appears that, in 1989, and
probably also in earlier years, this river has been
producing reasonable numbers of juvenile trout for
recruitment into l-ake Ruataniwha. However, as noted
earlier, spawning success is likely to be much reduced
in the fi¡ture owing to the flushing out of suitable
gravels from the lower river. Nevefheless, it is still
possible that the very limited spawning areas that now
exist, together with the recruitment of fish from I¡ke
Ohau, may be sufficient to maintain the fishery in I¿ke
Ruataniwha, and to support any re-established fishery in
the upper Ohau River. The apparently high levels of
recruitment from Lake Ohau into the Ohau canal,
especially of brown trout, suggestthat recruitment from
the lake could be important for the upper Ohau River,
even though flows into the canal will continue !o be
much higher than those into the river and might be
expected to attract relatively more recruits. However,
the opportunity to ascertain whether the upper Ohau
River and l-ake Ruataniwha fisheries can be maintained
without augmentation is unique, and the results could
have considerable application elsewhere. A monitoring
programme for at least the next two years will be
required to test our hypothesis.

Trout are abundant in the Ohau canal, although the
condition of most of the fish is poor. Densities in the
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An alternative method for increasing trout habitat could

be to build rock or concrete weirs across the river at

frequent intervals. However, this method is not

considered advisable in this situation, for several

reasons. Firstly, the weirs would be prone to washing-
out by flood flows, but, perhaps more importantly, the

amount of adult trout habitat created would be

considerably less than that provided by increased flows
within the range recommended. Also, the weirs would
need to be built at frequent intervals down the river,
because of the steep gradient, which could be costly,
and, frrrthermore, the technique is unproven in New

Ze¿,land.

7. RECOMMENDATIONS

7.1 Spawning and Recruitment

Because spawning gravels in the upper Ohau River have

been greatly reduced recently, it is not known whether
recruitment from in-river spawning will be adequate to

support the present, or an enhanced, fishery in the

upper Ohau River and in I-ake Ruataniwha. [t is

recommended that:

1. TROUT STOCKS IN T'HE UPPER OHAU
NWR BE MOMTORED FOR AT IßAST
T.HE NEXT TWO YEARS, TO ASSESS

WHETHER OR NOT JUVENILE
RE CRUITMENT I S ADE QUATE.

Our assumption is that there will be sufltcient
recruitment from I¿ke Ohau, the upper Ohau River,
and several other minor sources to maintain the fishery.
If recruitment is found to be insufhcient, then

alternatives such as building a spawning race, placement

of spawning gravels in the lower part of the river, or
stocking, will have to be considered.

Monitoring of juvenile abundance through electric-
fishing surveys, and ofadult abundance by drift diving
and angler creel surveys will be required. This will
probably require some funding from Electricorp.

7.2 Fish Pass

The existing fish pass, although not a physical barrier
to salmonids, is considered to be somewhat inefficient,
especially for brown trout. Raising the level of the

outlet weir will apparently mean that a new fish pass

will have to be built, if one is considered necessary.

There are arguments both for and against the installation
of a fish pass. The advantages are:

(a) it would allow trout to migrate upstream to spawn

in tributary streams flowing into I-ake Ohau;

(b) it would prevent the build-up of spawners below
the weir;

(c) it would help to maintain any stocks of sockeye
salmon remaining in I¿ke Ruataniwha, by
providing access to l-ake Ohau tributary streams

for spawning.

The disadvantages are:

(a) the progeny of any spawners which migrate up

through the fish pass would add very little to
recruitment into the upper Ohau River and I¡ke
Ruataniwha;

(b) it would allow trout to leave the river, perhaps

resulting in fewer fish being available to anglers
in the Ohau River;

(c) it could be costly to build;

(d) it could reduce the viability of a winter fishery, if
this type of fishery was desired by the regional
Fish and Game Council.

Nevertheless, it is generally agreed by fisheries interests
that it would be preferable to design a fish pass into any
new weir structure, as it would be very difficult to build
one later. The fish pass should be designed so that it
can be operated either as a pass or as a barrier,
depending on what is found to be best for the fishery in
the future. It could usefully incorporate a viewing
window, and facilities for trapping migrant fish. It is
recommended that:

2. A FISH PASS THAT MEETS NSHENES
REQUIREMENTS BE DESIGNED INTO
ANY NEW OUTLET STRUCTURE
CONSTRUCTED ON TIIE UPPER OHAU
RIVER.

7.3 Flows

The modelling studies undertaken suggest that flows in
the upper Ohau River between 8 m3/s and 12 mrls
would provide good trout habitat, and that flows
between l0 m3/s and 12 m3/s should support high
numbers of brown trout.
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order of 350 trouVkm were recorded during the canal
drawdown. This is higher than any values recorded by
Jowett and Hicks (1985) for 2l New Zealand rivers.
However, their data were collected by drift diving,
where not all of the fish present would have been seen

by the divers. The major difference between the
relatively low drift dive counts obtained in the canal
under conditions of poor visibility, and the numbers of
fish subsequentþ netted, emphasises the problems
associated with diving in poor visibility. The biomass
estimate of 128.8 kg/km (or 197.5 kgikm using trout
length-weight data from this study) also places the canal
in the uhighu abundance group listed by lowett and
Hicks (1985). Trout density did not appeår to vary
noticeably along the length ofthe canal, suggesting that
total trout numbers in the Ohau canal at the time of the
drawdown were about 3000.

With no food-producing riffle areas in the canal, it is
likely that food is a limiting factor for trout, and the
cause of the poor condition of many of the fish. Unlike
most river systems, once trout have migrated
downstream into the canal through the lake outlet
control stnrcture, they are effectively trapped, unless
they move down through Ohau A power station to Lake
Ruataniwha, something which probably only smaller
fish are likely to do.

Rainbow trout were much less abundant than brown
trout, both in the upper Ohau River and in the Ohau
canal. During this study, it was estimated that only
IO% of the spawning migration into the upper Ohau
River were rainbows, whereas Graynoth et aL (in
prep.) found that rainbows comprised ISVo of the adult
trout trapped during the 1983 spawning migration.
Rainbows comprised only 6Vo of the trout in the Ohau
canal. In 1983/84, Bloomberg and Graynoth (1991)
estimated that rainbows comprised between t27o and
3I% of the trout in the canal, depending on the
sampling technique used. It is possible that the species
compositionhas changed, or that the differences are due
either to natural or to sampling variability.

The Ohau River supports a dense and diverse benthic
invertebrate fauna. The diversity of the fauna is
indicated by the fact that, with two exceptions, no taxon
dominated the fauna; instead it was usual for three or
four taxa each to comprise ) IOVo of the fauna. The
exception was site I in July and October, when
chironomid larvae comprised ) 5OVo of the fauna.
However, a clumped distribution is a feature of
chironomid life-cycles and conditions at this site were
particularly favourable for them (see below).

Features of the Ohau River which affect the benthic
invertebrate fauna are the stable flow regime, large

substrates, and very high periphyton biomass. The
stable flow regime and large substrates favour the
development of a dense invertebrate fauna, with a large
proportion of caddisflies, particularly net-spinning
Aoteapsyche and cased þcnocentrodes species. High
periphyton biomass also is related to stable flows, and
this tends to provide favourable habitat for larvae of
Oryethira albiceps and the chironomids.

Prior to the floods of December and January, gravels
were the major component of substrates at site 5, and
this probably accounted for the differences between the
benthic invertebrate populations at this site and those at
sites 1 and 2, where coarser substrates predominated.
Following the floods, however, large cobbles and
boulders predominated at site 5. Removal of the gravel
also reduced the benthic invertebrate populations, with
the mean density at site 5 in January being only IOVo of
that recorded in October. Comparable figures for sites
I and 2, where the substrates were larger and less
disturbed by the floods, were n% and 27Vo,
respectively. If gravels do not accumulate at site 5
again, then the benthic invertebrate populations which
re-establish there should more closely resemble those at
sites 1 and2.

At the proposed increased flows, benthic invertebrate
populations should persist at densities similar to those
which currently occur. Water velocities are likely to
increase at higher flows, and this could reduce algal
biomass by increasing the rate at which algae are
sloughed. In turn, reduced algal biomass may decrease
the densities of Axyethira albiceps and chironimids, but
result in a greater density of other taxa, particularly
Aoteapsyche spp.

The studies undertaken to predict the effect of different
residual flows on potential trout stocks and habitat in
the upper Ohau River indicate that habitat for trout
increases with flow until about 8 m3/s, when it levels
off, and then begins to fall as the flow exceeds about
12 m3ls. The prediction of trout stocks, using two
models, shows a similar pattern, with both models
predicting high trout stocks, and the optimum trout
biomass occurring in the flow range 10-12 m3ls. It is
possiblethat trout numbers may be lower than predicted
if algae and silt accumulate in the river as a
consequence of the steady-flow regime, or if the
weir/fishpass structure inhibits the passage of fish and
food organisms from the lake. Nevertheless, because
the upper Ohau River is a lake outlet river, with a
significant amount of boulder-run habitat, and lake
outlets generally support high stocks of trout, it is
predicted that this river will support good stocks of
trout, given satisfactory flows.
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River flows could be varied slightly between "winter"
and "summer", to reflect the natural flow regime, to
allow for better angling during the "summer" fishing
season, and to accommodate power generation
requirements. However, commencement of the
"summer" period needs carefr¡l definition, because it
may be important to increase flows prior to the fishing
season opening in November, to take advantage of
increased growth rates of fish, if temperatures are
higher than normal. It is recommended that:

3. A MTMMUM FuOW OF 12 lfts nø
PROWDED AT THE OHAU WEIR DUNNG
TTIE "SUMMER", AND A MIMMUM
øLOIY OF 8 M?/S BE PROWDEDDUNNG
TTIE "WNTER".

It is suggested that "winter" should comprise the period
1 May - 30 September, and that "summer" should
comprise the period I October to 30 April, except that
when there is no demand for irrigation water from the
upper Ohau River in October, the minimum flow can be
reduced to l0 m3/s for that month.

Should flows in the upper Ohau River be augmented, as

suggested in Recommendation 3, then it is
recommended that:

4. TTTE DEWLOPMENT OF FTSH STOCKS
AND TTIE TROW FISHERY IN TTIE
UPPER OHAU NWR, AND IN I/IKE
RUATANIWHA, BE MOMTORED FOR
SEVERAL YEARS FOLLOWING
ENTUNCEMENT.

The main purpose of this work would be to asse,ss the
degree to which trout stocks and the fishery have been
enhanced, and to compare this with the predictions that
have been made. If flow augmentation occuñ¡ within
the next two years, then some of the monitoring work
described in Recommendation I could be combined with
that required for Recommendation 4. Funding from
Electricorp would be necessary to undertake this work.

7.4 Indigenous Fish

In consultation with Ngai Tahu, Electricorp are
investigating the potential for installing fish passes for
native fish species on dams in the lower Waitaki
catchment. If successfi¡I, this will allow native fish
(especially eels) to gain access to I¿ke Benmore.
Should the Benmore irrigation scheme proceed, native
fish also may be able to gain access to the upper Ohau
River (from the Ahuriri River). It is recommended
that:

5. SHOULD INDIGENOUS FISH PASSES BE
INSTALLED ON DAMS IN TTIE LOWER
WAITAKI CATCHMENT, RE-
COLOMSATION OF TTIE UPPER OHAU
RIWR BY NANW FISH (ESPECIALLY
EELS) SHOUID BE ASSESSED.
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