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1. INTRODUCTION

Rainbow trout production for the lower V/aitaki River appears to come mainly from its
tributaries. Recruitment into the residual river could be limited, therefore, by flood damage

to redds in the tributaries, by high levels of abstraction or the activities of abstractors, by
power scheme design (where Maerewhenua River is not connected to the residual river and
Awakino River is upstream of the power canal intake), and by construction activities. It may
be possible to supplement recruitment into the residual river by constructing spawning races

similar to that at Aviemore Dam. Studies were undertaken at the Aviemore spawning race

to assess the effectiveness of such races as a means of supplementing rainbow trout stocks
in the residual river.

The Aviemore spawning race is an artificial stream channel, constructed in 1968 to provide
spawning grounds for brown and rainbow trout in Lake Waitaki. It was built to compensate
for the loss of natural spawning grounds that resulted from construction of Aviemore Dam.
Its effectiveness has never been determined during its 20 years of operation.

The primary objectives of the study were to determine the emigration timing and the yield
and "quality" of juvenile rainbow trout from the spawning race. Secondarily, this study will
provide useful quantitâtive data to be compared with that from similar studies in lower
Waitaki tributaries such as the Awakino and Hakataramea rivers. It also provides the hrst
assessment of the Aviemore spawning race since it was built. This report describes the
results of a two-year study of the Aviemore spawning race.

2. METHODS AND MATERIAI.S

2.1 The Spawning Race (original specifîcations from Jowett 1987)

The Aviemore spawning race was constructed in 1968 at a cost of $394,000 (1983 dollars).
It uses water from Lake Aviemore which is discharged through the auxiliary turbine. The
race is 1,000 m long with a slope of 0.0015. When constructed it was 5.5 m wide but with
the encroachment of riparian vegetation its effective width has been reduced to between 2 and
3 m (Fig. 1). The race was formed on impervious compacted frll and was lined with about
0.5 m of alluvial gravels sized between 4 and 50 mm. It was intended to provide for up to
2000 adult trout averaging 0.9 kg in weight. The average flow through the channel is
0.9 m3ls but this varies between 0.6 and 1.1 m3/s.

2.2 Adult Spawning Run

An adult trap was placed near the race entrance in 1988 and 1989 to capture adult rainbow
trout moving upstream into the race to spawn. The trap was based on the standard design

used in lower Waitaki studies (Palmer 1987 and Webb and Dungey in press). It was

operated continuously from 19 July to 1 November in 1988 and from 11 July to 10

November in 1989. The trap was usually checked daily. All captured rainbow trout were
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measured for fork length (mm) and weight (nearest 50 g), sexed, marked with a numbered
streamer tag, had scales removed for ageing and released upstream of the trap.

Maximum and minimum water temperatures were recorded daily at the time of trap
clearance.

Near the end of the 1988 trapping season we noticed that many adult fish were able to bypass
the trap because holes had developed in the mesh and because the substrate had scoured out
from under some portions of the trap. Because of these irregularities a fish and redd count
was performed over the entire length of the race on 1 November 1988 just prior to trap
removal.

For 1989 the mesh was replaced on the trap panels and wire mesh skirting was added to the
panel bases to prevent scouring. As a result no breaches occurred so that the trout numbers
processed through the trap was a complete count of trout spawning in the spawning race in
1989.

2.3 Fry Outmigration

Downstream migrating fry were captured at the downstream end of the spawning race with
an inclined-plane trap that we specially designed to screen the entire flow of the race (Fig.
2). The trap consisted of a tubular metal frame with a base of stainless steel mesh (2 mm
openings) and sides of galvanised sheet metal. It was 223 cm wide at the upstream end and
funnelled down to 40 cm over its 100-cm length. The flow out of the trap and into the live
box was adjusted by occluding a portion of the mesh with a movable plastic sheet. The live
box was constructed of galvanised sheet metal and was 70 cm wide, 100 cm long, and 40 cm
deep. It had mesh-covered ports on the sides to allow water to circulate, two perforated
baffles inside to provide refuge for captured fish, and a cover to prevent fish from jumping
out and to discourage predators. The live box was partially submerged in the water of the
concrete portion of the race.

The trap was utilised from approximately dusk to several hours after dawn every third day
during the main pafr of the fry migration period and less frequently outside the main period.
All captured fry were identified to species, counted, and immediately released downstream.
Samples of fry were routinely measured for fork length (mm) in both 1988/89 and 1989/90.
Weights (0.01 g) were measured at irregular intervals in 1988/89 but at regular intervals in
1989190 after we devised a method for making accurate measurements in the f,reld.

Condition factors were calculated from length/weight data.

To assess the diel pattern of fish movement a 24-hour series was conducted that started at
1200 on 1 November 1989 and ended at 1200 the next day. The trap was cleared and the
number of fish captured was determined every four hours during this period.

Estimates were made of potential egg deposition, the yield of fry from the race, and the
survival from egg to emigrating fry. Potential egg deposition in 1988 was based on the
numbe¡ of ¡edds seen in the race on 1 November 1988 while for 1989 it was based on the
number of females put through the trap. The length-fecundity relationship was determined
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for lower V/aitaki rainbows. Data were available for 12 females from trapping operations
mostly from the Hakataramea River in the early 1980s (Dungey & Webb in press). Total
egg counts were obtained from nine additional females taken during trapping operations in
the Awakino River in 1988 and 1989. [Note: We felt unjustifred in purposely sacrificing
female rainbow trout to obtain samples. V/e collected samples therefore as the opportunity
arose by searching for dead, unspawned females upstream of the Awakino trap or washed

onto the upstream side of the trap. Most of these died presumably from handling stress.l
Regression analysis indicated that the regression lines for the two sets of data were not
statistically different. The two sets were combined and regression analysis gave the
following length-fecundity relationships for lower Waitaki rainbows.

Ln fecundity : 2.507 Ln length (mm) - 7.220
(P<0.01, r : 0.836, n : 2l)

Using this relationship the fecundity for each female was calculated and summed to estimate
potential egg deposition.

The yield of fry from the race was estimated by multiplying the number caught daily by the
sampling interval. For the main portion of the outmigration period this was a factor of 3.

The overall survival from egg to emigrating fry was calculated straightforwardly by dividing
the total yield of fry by the potential egg deposition.

2.4 Substrate Analysis

A series of three substrate samples were taken to assess substrate composition on 1 June 1990
by D. Jenkinson (WORKS Consultancy Services, Timaru) using bulk sampling techniques
with the flow reduced to the leakage through the auxiliary generator. The samples were
processed through nine graduated sieves ranging in size from 0.075 mm to 150 mm and
reported as cumulative per cent dry weight passing each sieve (Fig. 3). A graphical
procedure was used to estimate directly from the data the particle diameter at the 84ú
percentile @8Q nd the 16û percentile (d16). These were used to calculate the geometric
mean particle size (dg) and geometric variance (9.v.) using the following equations from
Shirazi and Seim (1979).

dg - {dilti7lî6
s.v. - {dA4ãî6

The calculatú dg was interp¡eted based on the relationships between survival (egg to
emergent fry) and the geometric mean particle size described by Shirazi and Seim (1979).
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3. RF"ST]LTS

3.1 Adult Spawning Run

3.1.1 Size of the Run

During the 1988 spawning season 73 adult rainbow trout were processed through the trap,
of which 22 were females. Because of the ineffectiveness of the trap as noted earlier this
was obviously a partial count. During a survey carried out over the entire length of the
spawning race on 1 November, 208 adult fish and 103 redds were counted. The redd count
of 103 provides the best estimate for the number of females in the race and was used to
estimate potential egg deposition.

In 1989 all fish entering the race passed through the adult trap. They comprised 193 males
a¡d255 females giving a sex ratio of 0.75 males:1.0 females.

3.1.2 Timing of the Run

Rainbow trout had begun to enter the spawning race in mid July when traps were installed.
The major portion of the run occurred in September and October when about 80% of adults
entered the race (Fig. a). There was a tendency for a higher proportion of fish entering in
August to be males while in October/November a higher proportion were females.

3.1.3 Length, Weight, Condition Factor, and Age

The mean lengths and weights of fish of both sexes tended to be greater in 1989 than in 1988
(Table 1) but differences were not statistically significant. Males tended to be longer in both
years and heavier in 1989 than females but again they were not significantþ different. As
expected mean condition factors were greater for females than males because of the presence

of eggs. Mean condition factors for each sex were generally similar between years.

Age composition of adult rainbow trout entering the spawning race in 1988 and 1989 was
determined from scale analysis (Table 2). In both years some 80-85% of spawners were
aged 3* and 4*.

Mean length-at-age for 173 rainbow trout made up of 86 males and 87 females is shown in
Table 3.

3.1.4 Potential Egg Deposition

We used different methods for determining the potential egg deposition in 1988 and 1989

because the trapping efficiency differed for the two years. In 1988 the mean length of 22
females was 489 mm giving a mean fecundity of 3980 eggs/female. Applying this to 103

females (redd$ gives a potential egg deposition of about 410 000 eggs.
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In 1989 the fecundity calculated for each female was summed, giving a total egg deposition
of about I IL6 000 eggs.

3.2 Fry Outmigration

3.2.I Timing, Fry Yield, and Egg to Emigrating Fry Survival

In 1988 the fry emigration was well underway when we began sampling in late November
so \rye had missed the start of the run (Table 4 and Fig. 5). In 1989 we began catching over
1000 fryper nightin late October (Table 4and Fig. 6). In both years the number of fry
captured decreased rapidly in mid- to late December. In 1989/90 the total fry emigration
period extended from about mid-October to the end of December. The middle 80% of the
fry emigrated between about early November and mid-December.

The total run size could not be estimated for 1988/89 because we missed the beginning of
the run. For 1989/90 the total run size was estimated to be about 448 000 fry. This, with
the estimated potential egg deposition of about 1 116 000, gives an overall egg to emigrating
fry survival rate of about 40%.

3.2.2 længth, Weight, and Condition Factor

Length, weight, and condition factor data are summarised in Tables 5 and 6 for 1988/89 and
1989190 respectively. Mean lengths of emigrating fry in 1989/90 were about 27 mm through
the main portion of the run to mid-December 1989 (Fig. 7). Thereafter mean length
inc¡eased. Newly emerged fry continued to emigrate into early January 1990 judging by the
minimum size captured. The maximum length of fry began to increase in late November
1989, indicating that some fry were rearing in the race and beginning to grow.

Similar patterns were shown for weight (Fig. 8) and condition factor (Fig. 9) in 1989/90.
Through mid-December mean weights were about 0.14 g and mean condition factors were
about 70. Thereafter both began to increase.

3.2.3 Diel Pattern of Fry Movement

The 24-hour series indicated that almost all fry migration occurred at night. On the night
of 21,122 November 1989 14 196 fry out of the 24-hour total of 14252, or99.6%, were
captured between the hours of 2000 and 0800 (Table 7). These hours generally coincide with
the sampling times used throughout the study.

A series of samples were taken in mid-December 1989 to assess whether or not fry
movement is inhibited by moonlight. Four-hourly sampling between the hours of 2000 and

0800 was carried out on 9/10 December (3 days before full moon), I2lI3 December (at

about full moon), ild 15116 December (3 days after full moon). The raw counts and

corresponding percentages are shown in Table 8.
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These data suggest that moonlight inhibits fry movement. At the full moon, i.e., when
moonlight was present all night, fry moved in roughly equal proportions for the three time
periods and in generally lower numbers. Before full moon a smaller proportion moved

during the early part of the night (while the moon was up) and a larger proportion and higher
numbers during the latter part of the night (after the moon had set). After the full moon the
proportions were reversed where the moon was absent for the first part of the night but
present for the latter part.

3.2.4 Timing of Fry Migration and Adult Spawning

The pattern and timing of fry emigration roughly reflects the timing of incoming adult
females to the spawning race (Fig. 10). The fry emigration period is condensed because eggs

are developing on a rising temperature regime.

4. DISCUSSION

4.1 The Studies

This report describes the findings from two years of studies in the Aviemore spawning race.

Much of our effort in the first year was spent on developing sampling techniques and

equipment design. We also had to learn the general timing of life history events for rainbow
trout to make our sampling in the second year as effective as possible.

The equipment functioned very well after we were past the development stage. The adult
trap captured all fish entering the race in the second year. We have high confidence in our
estimate of the number of emigrating fry because we were sampling all of the flow on a
frequent basis (every third night). Our success was enhanced by the controlled flows in the
race giving flood-free sampling conditions. V/e did discover that flows can "change" in the
race unannounced but we were able to adapt with no loss of data.

It needs to be emphasised that l-2 year's data is inadequate to fully describe the range of
variability related to a hsh population even in a spawning channel. This is particularly true
for the quantitative estimates such as adult and juvenile run sizes but much less true for
aspects of timing and f,rsh size and condition.

4.2 Adult Runs

4.2.1 Size of the Run

Jowett (1987) presented a summary of the available fish and redd count data for the
Aviemore spawning race for the period 1969 to 1985. Although these records are incomplete
he concluded that the race was used annually by 200-500 rainbow trout and 200-500 brown
trout. The numbers of fish and/or redds observed during our two-year study generally covers
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this range for rainbow trout, 103 redds and 208 fish in 1988 and 448 frsh of which 255 were
females in 1989.

It was not part of our brief but we would be very concerned about the low numbers of brown
trout redds recently observed in the race. G. Hughes (Fish and Game Council pers. com.)
observed only six and 19 brown trout redds in 1989 and 1990 respectively. There are limited
spawning areas elsewhere in Lake \ù/aitaki and areas like the Awahokomo River have
probably provided marginal conditions over the last several seasons because of general
drought conditions. G. Hughes indicated that brown trout catches in Lake Waitaki appear
to be as good or better than average at the present time. We would suggest that angling
could deteriorate in the future based on the recent poor showing of brown trout in the race.

Steps may need to be taken in the future to try to reverse this apparent trend.

4.2.2 Timing of the Run

The timing of the rainbow spawning run in the Aviemore race appear to be later than in other
lower Waitaki streams. The main portions of the runs in the Hakataramea and Maerewhenua
rivers (Webb and Dungey in press) and Scotts Creek (Hayes 1984) occurred in
August/September compared to September/October in Aviemore. In the Awakino River in
1989 the main portion of the run extended into October (Bloomberg and James in prep.) but
not as late as in Aviemore. More detailed comparisons will be made in the summary
rainbow trout report along with assessment of the possible influence of water temperature on
timing of the spawning runs.

4.2.3 Length, Weight, Condition Factor, and Age

Data for these parameters are presented in this report in a straightforward way. Useful
comparisons can be made with data from other systems, particularly the Awakino River.
These will be presented in the Summary Report on rainbow trout.

4.3 Fry Outmigration

4.3.1 Timing and Fry Yield

The overall timing of fry migration was similar for Aviemore and the Awakino River (See

Table 1 in the Oct 89-Feb 90 Progress Report) except that the period of peak migration
extended further into mid December in Aviemore than in the Awakino. The period of
migration was earlier in the Hakataramea than in either the Awakino or Aviemore with very
low numbers being captured. a more detailed comparison will be made in later reports.

It appears that fry size was initially larger in Aviemore than in the Awakino but that
Awakino fry made up some of the ground later on. This will be considered further in later
reports along with comparisons of fry yields.



4.3.2 Survival

Survival of rainbow trout from egg deposition to emergent fry is expected to be between
40-90 percent in natural conditions. Our estimate of 40 percent is at the lower end of this
range and this is thought to be due to several factors not identified in the text. For example,
survival is usually determined from egg deposition to fry emergence. \ù/e based our figure
on a slightly longer period (egg deposition to fry emigration) that would have slightly
reduced the survival percentage. The daily estimate of fry capture (99.6%) based on one 24

hour sampling trial could be too high. Fry may have left the race at slightly different times
and rates during the emigration period. Fry survival would increase if the capture percentage

assumption is too high.

Another possible error could be due to not including an egg retention estimate in our figures.
Female rainbow trout retain some eggs after spawning. The number of eggs retained could
be 10 percent of the total produced (Irvine 1978). If 10 percent of potential egg deposition
was excluded from our f,rgures, our survival rate would also increase.

Although little evidence is available (only a few eggs caught in the fry trap), redd
superimposition by later arriving spawners could have reduced the number of available eggs

for development.

The presence of the adult trap for a portion of the fry emigration retained most adult
spawners in the spawning race and may have subjected the newly emergent fry to increased
percolation. Reduction of fry in this way would decrease the survival percentage.

Another possible explanation for the low survival hgure could be our assumption that all
emerging fry were emigrating immediately. Any fry that remained as resident fish would
appeff to be a reduction in fry numbers in our calculation.

The fecundity relationship we determined could be inaccurate. Although a high correlation
between female length and numbers of eggs produced was obtained, eggs from only a few
females were counted. In addition, none of the frsh were from Lake V/aitaki or the spawning
race, but were from parts of the lower river.

Fry survival as high as 70-90 percent would be expected from the substrate sizes in the
spawning race (Shirazi and Seim Fig. 1 . 1979). An explanation for our low survival figure
could be due to poor substrate quality if our sampling was inaccurate. A "bulk sampling"
technique was used and fine material could have been lost. Additionally, the impact of small
amounts (by weight) of glacial silt could appreciably affect egg to emergence survival. This
effect is unknown.

It would be a justifiable expense to re-sample the substrate gravel using a "freÊze core" or
similar technique. Replacement of spawning race gravel would be a significant effort and

expense and if this gravel replacement could be eliminated the additional sampling cost would
be insignificant.

Even with these adjustments a higher survival figure would be expected and we can not
explain this anomaly.
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4.4 Effectiveness of Race

The absence of any other noteworthy spawning stream for Lake V/aitaki meâns the spawning
race is sustaining the rainbow trout population at present. Even though the race appears to
be functioning at below optimum level, the fry it produces is sustaining the I-ake V/aitaki
population.

The race is effective enough to suggest a spawning race as an "insurance policy" for
spawning and fry production for a future residual river. A spawning race would partially
compensate for natural variability in the Hakataramea and Maerewhenua Rivers. There is
also no assurance that the larger production of juveniles in the Awakino River will be
available to the lower river if hydroelectric development proceeds.

4.5 Maintenance and Operation of Race

Substrate quality and available spawning space are the two major considerations with the
present operation of the race. Additional substrate sampling to more clearly identify
substrate quality should be considered. The race bed should be groomed with a weighted
harrow type device with the water flowing. This should be done to remove fine sediment
and to fill in some of the deeper sections. Some of the encroaching riparian vegetation
should be removed to provide more spawning area. V/illows in particular should be removed
before they become any further established.

Present flow levels appear adequate, but if the auxiliary unit is no longer needed and
removed another water source for the race must be provided.

1.

5. RECOMMEI\DATIONS

We recommend that steps be taken to ensure the successful spawning and
incubation of brown trout in the spawning race. Low numbers of brown trout
redds (six and 19) were observed in 1989 and 1990. In recent years we also observed
that substrate conditions had deteriorated and available spawning area became limited
because of bank encroachment. As these conditions developed it is possible that
brown trout redds were disturbed by the later spawning rainbow trout, possibly
reducing brown trout spawning success. To enhance brown trout spawning success

we recommend that adult browns be trapped as they enter the race and placed
upstream of a barrier in the upper third of the race. The barrier would need to be

maintained through the rainbow spawning period to prevent them from entering the
protected section.

We recommend annual maintenance be undertaken in late January - early
February using robust techniques to 'rclean" the substrate in the spawning race.
While annual maintenance was carried out in the past, we understand that it was done

with no flow in the race. Such a technique would have been of limited use in cleaning

2.
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more than just the surface substrate. Vigorous methods should be used that disturb
the substrate to a depth of 15-30 cm with flow in the race. By working from upstream
to downstream significant quantities of fines would be washed from the race. It may
be necessary to periodically remove accumulated material just downstream of the race

in the concrete portion.

We recommend that the race be widened periodically to counteract the
progressive encroachment of the vegetative growth on the banks. Over the years

the effective width of the race has been reduced from the original 5.5 m to in some
places as little as 1 m by vegetative encroachment. Material was removed from one
bank in February 1991. We had originally thought that the other bank should be done
in I-2 years time but we now believe that the work already done is adequate for the
time being. Further work should be evaluated annually. Sprouting willows should be
removed annually, however, to prevent them from becoming established in and along
the race.

We recommend that a constant and controllable source of water be supplied to
the race when the auxiliary unit at Aviemore Dam is decommissioned. Present
plans indicate that the auxiliary unit, the major source of water to the race, is to be
decommissioned. Any alternative arrangement must provide a reliable flow of water
to the race, and it must be fully controllable from zero to 1. 1 m3/s. (The Water Right
specifies a continuous flow of between 0.6 and 1.1 m3/s with periodic shutdown for
maintenance.)

We recommend that periodic flushing flows be provided perhaps on a monthly
basis. The operators advised us that flows through the auxiliary unit were periodically
increased (on a weekly to monthly basis) as a part of normal operations. This
occurrence was largely unknown until we undertook these studies and its value went
largely unnoticed until during our study this practice was curtailed for an extended
period when long term maintenance was required to the unit. As a result we noted
an excessive accumulation of organic material in the form of algae, periphyton, and

detritus. We believe that periodical flushes would counter this and help maintain
substrate quality. We are not sure what flows and what frequency to recommend
because flow records are not available. V/ith the recent installation of a flow recorder
in the race flow records will soon be available. From these we believe that an

appropriate flushing regime could be determined to help maintain substrate quality.

We recommend that the screen at the upstream end of the race to prevent fish
from jumping into the rrsplitter box" be redesigned to reduce its tendency to foul
and to facilitate cleaning and possibly conserve water. The present screen has a

square mesh and is extremely difficult to clean. As it becomes clogged with algae and
other debris an increasing proportion of the flow is diverted back to the river and
away from the race. V/e observed that when the screen is clean a flow as low as 0.36
m3ls (the base flow possible through the system) appeared to adequately supply the
race for a matter of days or even weeks. A screen comprised of parallel, open-ended
"fingers" would service equally well to block fish but would have the added advantage
of not becoming fouled as quickly and being much easier to clean as it does. It may
be possible to have a generally lower base flow since the race would not have to be

4.

5.

6.
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"over supplied" to overcome the generally clogged nature of the present screen.

Information from the flow recorder would be useful to set flows in the race.

'We recommend that the substrate composition be analysed every fÏve years to
assess the need to replace the substrate in the race. The race was lined with graded

gravels at the time of its construction in 1968. With the accumulation of organic and

inorganic debris there may come a time when the substrate in the race needs to be

replaced. Gravel sampling would allow that assessment to be made.

We recommend that th above measures and any other matters related to
operation and maintenance of the spawning race be undertaken only after
consultation with the South Canterbury Fish and Game Council, manage$ of the
sports fisheries of the Waitaki River.
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FIGTIRE 2. view of the incrined-plane trap and live box used to capture
juvenile rainbow trout emigrating from the Aviemore spawning
race.
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Figure 3. Particle size distribution (percent finer) for spawníng gravels
in the Aviemore spawnÍng race.
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E'igrure 6. Nr¡nbers of jwenile rair¡bov¡ trout, captured in an inclíned-plane- trap in the Avíemore spavrnÍng race in L989-90.
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TABLE 1. Mean lengths and weights of adult female and male rainbow trout captured in a trap when
entering the Aviemore spawning race during 1988 and 1989.

Year and
sex

Length (mm)

Mean SD Range

V/eight (g)

Mean SD Range

Condition factor

Msan SD Range

1988

Female

Male

1989

Female

Male

409-551

426-570

389-592

328-626

1511

1508

22 489 37

48 500 35

372 750-2250

357 900-2250

405 750-2700

477 450-3000

L3 99-146

13 81-t62

13 91,-163

10 95-t62

r27

119

248

188

502

524

4T

51

r29

116

1661

LTrl

TABLE 2. Age composition of adult
Aviemore spawning race in

male and female rainbow trout captured in the
1988 and 1989.

Year and
sex

Age

5+4+3+2+
1988

Male

Female

Total

1989

Male

Female

Total

s (6%)

3 (3%)

8 (s%)

3 (33%)

3 (r8%)

6 (23%)

2t (24%)

23 (26%)

44 (2s%)

3 (33%)

L3 (76%)

L6 (62%)

s3 (62%)

47 (s4%)

100 (58%)

3 (33%)

| (6%)

4 (ts%)

7 (8Vo)

14 (16)

2l (r2%o)

9

tl
26

86

87

r73

TABLE 3. Mean length-at-age (S.D.) for 173 rainbow trout captured while entering the
Aviemore spawning race in 1989.

Total
number

Age

4+3+2+ 5+
Male

Female

86

87

404 (64)

4s4 (36)
4ee (5s)

462 (46)
s23 (4e)

506 (46)

556 (60)

s27 (46)



TABLE 4. Number of juvenile rainbow trout captured in an inclined-plane trap in the
Aviemore spawning race in 1988-89 and 1989-90.

Number captured

Date 1988/89 1989/90

19.10

24.t0
29.tO

03.1 1

06.11

09.11

12.1,r

15.11

18.1 1

2T.LI
24.11

27.L1,

30.11

03.12

06.r2
09.r2
T2.T2

15.12

t7t18.r2
2012t.t2
22t23.t2
26.t2
03/05.01

16/18.01

02.02

t5.02

14.03

13.04

¡ ios
6 r93
2 500

2 03r
2 t32
r 028

945

124

63

N.S.

93

2l
6

5

3

0

28t
| 2t6
3 278

4 247

5 267

2 688

4 647

rs 693

r0 443

14 t96
9 332

lr 778

I7 283

17 799

13 590

6 859

1 558

2 t97

828

4t2
39t
308

86

18



TABLE 5. Mean lengths, weights, and conditions factors of rainbow trout gaptured in an inclined-plane trap
when emigrating from the Aviemore spawning race during 1988-89.

Number
measured

Length (mm)

Mean SD Range

Weight (g)

Mean SD Range

Condition factor

Mean SD Range

30.1 1.88

09.12.88

15.12.88*

15.12.88

05.01.89

18.01.89

02.02.89

15.02.89

14.03.89

29 3 25-35

28 3 24-34

30 6 2246

28 4 22-39

43 7 28-58

46 9 29-58

52 23 32-99

49 11 35{8
49 6 45-56 1.29 0.62

0.08-0.62

0.18-2.05

0.86-2.00

T2

9

11

0.13

0.45

30

t9
30

30

30

2l
6

5

3

0.20

0.86

78

99

59-105

82-r20

94-t14

t captured in a portable inclined-plane trap placed in the lower portion of the race.

TABLE 6. Mean lengths, weights, and condition factors of rainbow trout captured in an inclined-plane trap
when emigrating from the Aviemore spawning race during 1989-90.

Number Length (mm)

measured Mean SD Range

V/eight (g)

Mean SD

Condition factor

Range Mean SD Range

19. 10.89

24.1O.89

29.rO.89

03. 1 1.89

09.11.89

15.1 1.89

21.11.89

27.t1.89

03.r2.89

09.t2.89

15.r2.89

21.12.89

26.12.89

03.01.90

16.10.90

30

30

30

30

30

30

30

30

30

30

30

30

30

28

18

35

35

38

42

1

1

1

1

I
1

2

3

4

5

8

8

11

9

7

27

26

26

27

27

27

27

26

z7

28

30

25-29 0.15

25-28 0.t2
25-30 0.13

24-29 0.13

25-29 0.13

25-29 0.13

23-24 0.14

22-39 0.13

23-44 0.16

23-44 0.r7
23-63 0.29

23-52 0.44

22-65 0.52

2342 0.59

3r-59 0.75

0.02 0.10-0.18

o.o2 0.10-0.17

o.o2 0.09-0.17

o.o2 0.10-0.16

o.02 0.10-0.16

0.02 0.10-0.17

0.04 0.08-0.32

0.06 0.07-0.45

0.13 0.07-0.76

o.r7 0.07-o.74

o.49 0.08-2.70

0.33 0.08-ü13

0.65 0.07-3.09

0.51 0.o7-2.49

o.4'7 0.25-1.98

't3 6 62-86

66 8 55-86

70 7 57-90

66 4 56-73

66 4 56-13

69 9 5l-t02
7r 6 64-83

7I 5 6r-77

7r 8 58-89

68 9 56-95

76 10 64-108

82 10 58-99

82 t2 65-113

86 10 58-105

94 6 83-104



TABLE 7. The numbers ofjuvenile rainbow trout captured every four hours in the inclined-
plane trap in the Aviemore spawning race from 1200 21 November to l2O0 22
November 1989.

Time interval Number captured Percent of ßrÃI (%)
1200 - 1600

1600 - 2000

2000 - 2400

2400 - 0400

0400 - 0800

0800 - 1200

Total

t4 t96 99.6%

TABLE 8. Number and proportion (%) of fry migrating downstream before, during, and

after full moon in the Aviemore spawning race.

0.1

0.1

68.0 )
29.0,
2.6 )
0.2

100.0

15

9

96e7)
4 135>

364\
32

14 252

Time
Before full moon

9-r0.t2.89

Number of fry captureÀ (%)

Full moon
12n3.r2.89

After full moon
t5t16.t2.89

20c0 - 2400

2400 - 0400

0400 - 0800

Total

644 (e.4)

s247 (76.s)

968 (14.1)

6859

420 (27.0)

56e (36.s)

56e (36.5)

1558

t684 Q6.6)
416 (18.9)

e7 (4.4)

2t97



Figue 1. Awierncne spawring race in 1968 an't 1990'



FIGIJRE 2. View of the inclined-plane trap and live box used to capture
juvenile rainbow trout emigrating from the Aviemore spawning
race.



TABLE 1. Mean lengths and weights of adult female and male rainbow trout captured in a trap when
entering the Aviemore spawning race during 1988 and 1989.

Year and
sex No.

Length (mm)

Mean SD Range

V/eight (g)

Mean SD Range

Condition factor

Mean SD Range

1988

Female

Male

1989

Female

Male

22

48

248

188

489

500

502

524

151 1

1508

1.661

rTLl

372

357

405

477

37

35

4l
51

409-551

426-570

389-592

328-626

750-2250

900-2250

750-2700

450-3000

13 99-t46

13 87-L62

1,3 9r-163

10 95-162

r27

IT9

t29
tt6



TAB.LE 2. Age composition of adult
Aviemore spawning race in

rainbow trout captured in themale and female
1988 and 1989.

Year and
sex

Age

5+4+3+2+ Total

1988

Male

Female

Total

1989

Male

Female

Total

3 (33%)

3 (r8%)

6 (23%)

2r Q4%)
23 (26%)

44 (2s%)

3 (33%)

t3 (76%)

L6 (62V")

s3 (62%)

47 (s4%)

100 (58%)

3 (33%)

1 (6%)

4 (rs%)

7 (8%)

14 (16)

2t (r2%)

9

t7
26

86

87

173



TABLE 3. Mean length-at-age (S.D.) for 173 rainbow trout captured while enæring the
Aviemore spawning race in 1989.



TABLE 5. Mean lengths, weights, and conditions factors of rainbow trout captured in an inclined-plane trap

when emigrating from the Aviemore spawning race during 1988-89.

Date
Number

measured

Length (mm)

Mean SD Range

Weight (g)

Mean SD Range

Condition factor

Mean SD Range

30. 1 t. 88

09. 12.88

15.12.88*

15.12.88

05.01.89

18.01.89

02.02.89

15.02.89

14.03.89

29 3 25-35

28 3 24-34

30 6 22-46

28 4 22-39

43 '.t 28-58

46 9 29-58

52 23 32-99

49 11 35-68

49 6 45-56

30

19

30

30

30

2I
6

5

3

o.20 0.13 0.08-0.62

0.86 0.45 0.18-2.05

78 t2 59-105

: 
e- 82'r_zo

1.29 0.62 0.86-2.00 t02 ll 94-tL4

* captured in a portable inclined-plane trap placed in the lower portion of the race.



TABLE 6. Mean lengths, weights, and condition factors of rainbow trout captured in an inclined-plane trap
when emigrating from the Aviemore spawning race during 1989-90.

Number Length (mm)

measured Mean SD Range

Weight (g)

Mean SD Range

Condition factor

Mean SD Range

19.10.89

24.10.89

29.10.89

03.11.89

09. 1 1. 89

15.11.89

21.1,1.89

27.1.t.89

03.12.89

09.12.89

15.12.89

21,.12.89

26.12.89

03.01.90

16.10.90

30

30

30

30

30

30

30

30

30

30

30

30

30

28

18

27

26

26

27

27

27

27

26

27

28

30

35

35

38

42

r 25-29

I 25-28

r 25-30

r 24-29

I 25-29

r 25-29

2 23-24

3 22-39

4 23-44

5 23-44

8 23-63

8 23-52

11 22-65

9 23-62

7 3I-59

73 6 62-86

66 8 55-86

70 7 57-90

66 4 56:73

66 4 56-73

69 9 5r-tÙ2
7t 6 64-83

7t 5 6l-'1'l
'tr I 58-89

68 9 56-95

76 10 64-108

82 10 58-99

82 t2 65-113

86 r0 58-105

94 6 83-104

0.15 0.02 0.10-0.18

o.t2 0.02 0.10-0.17

0.13 0.02 0.09-0.17

0.13 0.o2 0.10-0.16

0.13 0.02 0.10-0.16

0.13 0.o2 0.10-0.17

0.1,4 0.04 0.08-0.32

0.13 0.06 0.07-0.45

0.16 0.13 0.07-0.76

o.I7 0.t7 0.o1-o.74

o.29 0.49 0.08-2.70

0.44 0.33 0.08-t33

0.52 0.65 0.07-3.09

0.59 0.51 0.07-2.49

o.75 0.47 0.25-1.98



TABLE 7. The numbers ofjuvenile rainbow trout captured every four hours in the inclined-
plane trap in the Aviemore spawning race from 1200 21 November to 1200 22
November 1989.

Time interval Number captured Percent of toTal (%)

15

9

e6e7)
4 r3s! r¿ rgo

3645

32

14 252

1200 - 1600

1600 - 2000

2000 - 2400

2400 - 0400

0400 - 0800

0800 - 1200

Total



TABLE 8. Number and proportion (%) of fry migrating downstream before, during, and
after full moon in the Aviemore spawning race.

Time
Before full moon

9-r0.t2.89

Number of fry capineÅ (%)

Full moon
r2n3.r2.89

After full moon
15t16.r2.89

2000 - 2400

2400 - 0400

0400 - 0800

Total

644 (9.4)

s247 (76.s)

e68 (14.1)

6859

420 Q7.0)
56e (36.5)

569 (36.s)

1558

1684 (76.6)

416 (18.e)

97 (4.4)

2t97


