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Introduction

A number of factors such as change in light intensity, wind
(Hayes, 1953), watcr temperature (Fenzies, 1931) variations in water -
flow and tidal phenomena (Hayes, 19533 Harriman, 1961) have been said
to affect the entry of salmo on into rivers and their subsequent upstream
migration. This paper gives an account of observations of the upstrean
movenents of salmon under rather different conditions, as the observa-
tions were made in two rivers with controlled’ flows, due to hydro-
elect*lc developments, at points some 12 miles upotream of tidal influ-
ence and "bove a hydro-electric reuerv01r.

Site

Observations were made on two branches of the Conon River system,
Ross~shires Traps to taoke all ascending and degcendlng migrants were
erected a short distance below the dam on the River Meig and the dam
at the foot of Loch Luichart (Figure 1)s ~ Each trap ccnsists of a
horizontal grid trap for descending fish and a series of holding pools
for ascending £ish, except that the trap at Luichart in 1967 consisted
of a box trap with a V-shaped entrance. Iuch of the work carried out
at these sites has already been described by Pyefinch and Hills (1963)
and Mills (1965) :

The suzmer compensation flow at both trap sites is 37 cusecs and
this flow continues downstream from the trap site in the River Meig
until its confluence with the River Conon.  Below the Luichart trap
site, however, flow in the River Conon may be augnented by the discharge
from Luichaert power station a short distance dowunstream.  Water flow
from this station during generation averages 1560 cuoecs‘(ranglng from
1100 to 2300 cuseus); generation may continue for a day or more or
there may be one or more periods of generation in a day, dependlng on
the patterns of precipitation and the power demand

The flow in the River Conon belou the Conon/Melg confluence,
during periods when Luichart power station is not generating, is about
75 cusecse A short distance further dowmstream the River Conon runs
into Loch Achonachie which is essentially the impoundment formed by
Tor Achilty dame - The summer compensation flow below this dam is
290 cusecs and this is again augmented during periods of generation at
Tor Achilty power Staticn. During these periods the flow below
Tor Achilty dam ranges from 250 cusecs (the ninimum generation flow
equals the summer compensation flow) to 2500 CUSEeCs; with an average of
about 980 cusecg. This 1nforma ion is set out dlagrummatlcally in
Flg. Te -
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-The flows in the river above and below Loch Achonachie may bear no

“relation to one ‘another and fish ascending the Borland Pass in Tor -

Achilty dam from flows equivalent to flood conditicns may find them—
selves, on passing out of the impoundment above, in a river with low
summer flows. Further, fish in the River Conon both above and below
Tor-Achilty dam may sometimes be subject to a wide range of flows a
number of times in a day, with the water rising to flood conditions
and falllng away to low summer flovs as often as . three tlmes in the”
24 hourse - - el - e
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Throughout the period 1957 to’ 1967 all ascending fish have been
passed upstrean from the Meig trap, after reccrding their length and
sex, while at the Luichart trap all adult fish were . returned down—
stream except in 1961, 1966 and 1967. In 1965 some adults were passed
upstream from September onwardse In 1958 and 1959 the fish in the
Luichart trap were fin-clipped in a variety of ways before being
returned downstream so that they could be identified on re—enterlng

the trape. e
Results . o S T -
Detalls of the numbers of adult flsh pa S1ng upstream through the

Heig trap in 1965, 1966 and 1967 are given. in Table 1 and those for -
the Luichart trap in 1966 and 1967 are given in Table 2.  The

‘limitations on the length of “this report made 1t necessary to select

only part of the data available. The records given for lMeig were

" selected because the largest upstream runs occurred in 1965-67 and

the selection for ILuichart was made for this reason and because all
upstreon migrants were passed on upstream in 1966 and 1967,

A preliminary inspection of the data on air and water. temperature,

" barometric pressure and rainfall does not suggest the likelihood of -

any close correlation between these factors and the. _upstream migration
of adult fish; a fuller analysls is now belng made ond the results .
will~be- publluhed separately. ‘ There. was, however, some- indicaticn.

‘that most fish entered the traps during wet weather when there_dasv

oome run—off from the surrounding land., e
~v~~~~Becau e the water flowlng dovn tream through the traps was: :
regulated, rainfall did not result in a rise in vater level elther at
Meig or Luichart, but. attempts were made. atl lleigy, by arranging.
artificial .freshets, to ascertain whether an increase in water, flow 3
stimulated upstream movemente  During:the period of. the frecheta -
the flow over the trap was 1ncreased from the standard flow of 37 .
cusecs to a maximum of 121 cusecs. over a series of twelve hour perlods
then decreased again in the same way... The emperlments :vere arranged-
so that one of the twelve hour periods for each speed of . flow.occurred
during the nig sht and the other during the ‘day... (Here it should be
noted'that, although fish entered the traps during the hours. of dar—-‘
light and darkness, the Lethlean fish counter at the entrance to the
Borland pass.upstream of the lMeig itrap recorded no activity during the
hours of darkness.) " There was no correlation between the rate of -
flow in these artificial .freshets and upntream movement. . Hayes. (1953)
working-on the La Have River, ‘also found that artificial frechoks had:.
llttle effeot on upstream movements ‘compared with the effects of raln.
. The observatlons made at the Melg tr ap therefore snoJed, (a) that
there were’ conslderable variations in .the numbers of fish entering the
trap over the season, although uater flow was constant and (t) that if-
the water flow were varied, there was no detectable effect on upstream

movement, or least over flows ranging from 37 to 121 cusecs.
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Because fish were not allowed to pass upstream from the ILuichart
trapy; this provided an opportunity to study another aspect of upstream
nmigration, nemely the variation in the degree of persistence shown by
fish moving upstrezms In the years when the adult fish were fin-
clipped and returned downstream the dates and number of times individual
fish re-entered the trap were recordede - It was found that many of
them re-entered the trap during subsequent weeks and that some fish re-—
appeared several times. The detailed records are given in Tables 3,

4 ard 5 and these records also show that there is some increase in the
persistence of upstream movement, particularly in male fish, as the
5ea50N Progresses.

Discussion

Although it has been found that spates may influence upstream
movement of fish present in tidal waters (Menzies, 1931, Hayes, 1953),
the results presented in this paper suggest that high flows have no
detectable effect when fish are in the river system itself and above
tldal influence.

FoweVpr, when Lulchart power gtatlon is generating the river flow
a mile dewnstream of both the Meig and the Luichart traps may vary
considerably. It is not known what effect this might have on scending
fish; and how long this effect lasts cfter the floh have moved out of-
it and into the lower compensation flow. : .

Uhen Luichart power station is operating the flow from the
Rlver Conin is much greater than that from the Meig and this might
esult in more fish moving upstream into the otrongeL flow paot the
conlluence of the lleig with the Conone. .

In addition some of the water from the Meig is diverted into the
Conon through a tunnel from Meig reservoir to Loch Luichart. If
upstrean nigrants respond to characteristic tastes or odours in the
water (Hasler, 1954; Hasler and Wisby, 19515 Wisby and Hasler, 1954)
and as the Conon contains varying amounts of water from the leig this
might be an added incentive for Meig fish to !stray' up the Conocn,
although the 'taste! must aluays be stronger in the water from the Meig.

Recaptures during 1967 of smolts tagged at the Meig trap in 1966
suggest that there is verJ little straying. A total of 5040 cmolts
was tagoed in 1966 and 1.6% of these were recaptured as grilse in
1967. Of these recaptures 95% were made in the leig trap and only
5% in the Luichart trape.

The obgervations described in this paper show that fish will move
upstrecn under low flows and, even when hindered in their ascent, will
continue to persist in their movement upstreams particularly near
spawning time. The situation ig, however; complex because though
flow conditions at the two trap sites were virtually stable over nearly
all the period of the upstream run, conditions were more variable short
distances downstream. Climatic changes during the period of the runs
and conditions at the routh of the river system; which could have a
marked effect on the entry of fish, complicate the position further.

It would be unwise, therefore, to attempt to draw any wide rzaching
conclusiong from these observationse.




Summagz :

1e Observations were made on the movements of adult salmon at traps
on two rivers with conirolled flows, due to hydro-electric develop-
‘ments, both situated some twelve miles upstream of tidal influence
and above a hydro-electric reservoir.

2. The percentage of the total run of fish ascending each of the two
- rivers over the same two-month period each year was approximately
the same.

3¢ Although a correlation does not seem likely between the upstream
movement of adult fish and either air and water temperature
barometric pressure or rainfall, there was some indication that
most fish entered the traps during rainy weather.

4 It was found that artificial freshets over a limited range of
water flows, had little effect on upsiream movements of fish.

5¢ | Fish entered the traps during the hours of daylight and darkness,
although a fish counter mounted upstreum of the trap recorded no
activity during darknesse. :

6o When adult fish were marked and returned downstream of the trap
many of them re-entered the trap during subsequent weeks, some
re—gppearing several timess There was zlso some increase in
the persistence of upstream movement towards the spawning seasone

Te  Although large stream flows in one branch of the rivér might have
influenced ascending fish to 'stiray', this was not supported by
the results of tagging experiments.
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September

October

Total

TABLE 1

Numbers of adult fish passing upstream through the

Meig trap, 1965~67

10 _day Year

period 1965 1566 1967
1 2 5 12
2 4 10 12
3 14 18 13
1 4 10 7
2, 14 18 32
3 63 ( 7.6) 52 ( 9.4)) 79 ( 9+4))
1 110 (13.2) 64 (11.6)) 85 (10.1)3
2 83 (10.0)) 80.6% 88 216.0)) 80.2% 119 (14.2)
3a 262 (31.6)3 63 11.4)% 134 (16.0))
1 102 (12.3§ 101 (18.4) 48 ( 5.7))
2 49 ( 5.9)) 74 (13.4)) 232 (27.7))
3 67 29 35
1 42 10 15
2 13 3 10
* 0 4 _2

829 549 835

211 day period

Figures in brackets denote percentage of total run




TABLE 2

Numbers of adult fish entering the Luichart trap, 1966~67

10 day Tear
Month riod 1966 1967
June 1 0 Trap not in operation
2 1 Trap not in operation
3 12 2
July 1 0 T
2a 1 7
3 18 ( 7.8)) 48 § 8-73)
August 1 14 ( 6.0)) 28 { 5.1))
2, 22 9'5)§ ) 51 ( 9.3))
3 8 ( 3-43 62475 70 (12.7)) 69.2%
September 1 66 (28.7 3 92 (16.8))
2 17 ( 7.3) 91 (16.6))
3 5 36
October 1 38 67
2 4 40
3® 24 8
Total 230 547

& 19 day period

Figures in brackets denote percentage of total run




TABLE 3

Numbers of adult fish marked at Luichart trap in 1959 and released
downstream and their subsequent re-entry later in the season

Month of Re-entry and No.

Month of marking No. of fish of marked fish re-entering trap
and release downstreazm marked

June July Aug. Sept. Oct. Nov.

June 2 0 0 0 0 0 o
July 44 - 0 24 5 12 0
August 122 - - 9 13 33 3
September 28 - - - 2 7 0
October 64 - - - - 7 4
. Novembexr 10 - - - - - 1




TABLE 4

Number of times individual marked fish re-entered Luichart trap, 1959

No. re-entering in:

No. of times

Te—entorin August September October dnvember
1 25 13 41 5
2 T 3 11 2
3 1 2 3 0
4 0 2 1 0
5 0 0 3 0
6 0 0 0 1

T el )—-’.)-4




TABLE 5

Number of males and females marked at and re-entering Luichart trap, 1959

No. marked No. re—entering trap
Sex
June July Auge. Septe Oct. Nove. Total July Aug. BSept. Cut. Nove Total
Females O 20 49 13 14 3 99 0 16 12 15 0 43(43:4)
Males 2 24 T3 15 50 70 171 0 18 13 61% 10 102(59.6)

& Some of these fish could not be assigned an original date
of marking because the mark had become obscure. There—-
fore these fish do not appear in Tables 4 and 5.




FIG.1 WATER FLOWS N THE CONON RIVER SYSTEM
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