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Introduction

A number of factots such as change in light intcnsity, llind
(Hayes, 1953), 1-lD.tcr temperature (Henzies, 1931) variations in uater '
flow und tidal phenomena (H~es, 1953; ,Harri~an, 1961) have been sn.id
t6 affect the entry of salcon intorivers ro1d their subsequent upstream
migrn.tion. This paper givesan account of'oboervation6 of the upstream
movemcnts of salnon under rather different conditions, as the observa
tions iVere made in tuo rivers with controlled' flous, due to hydro
electric developments, at points so~e12 miles upstre~~ of tidal influ
enbe nnd above a hydro-electric reser~oir.

Site

Observations were made on two branches of the Gonen River system,
Ross-shire. Traps to take all ascending and descendingmierants were
erected a short distance below the dam on the River Neig and the,dam
at the foot of Loch Luichart (Figure 1) .. ,,' Each trap ccnsists of a
horizontal grid trap for descending fish and'a series of holding pools
for ascending ~ish, e=cept thatthe trap at Luichart in 1967 consisted
of a box trap 11ith a V-shaped entrance.. lfuch of the Hork carried out
at these sites has alreaqy been deseribed by P,yefineh und }lills (1963)
and Hills (1965). ' ,

The summer eompensation flow at both trap sites io 37 cusecs and
this flOH' continU€3 downstrenm from the trap E>ite inthe River Il.eig
until its confluenee uith the River Conon'l Bclo"l the Luichart trap
site, however, flow inthe River Conon m~ be aUßQcnted by the discharge
from Luichart power station a short distance do~mstream. Water flolT
from this station during generation averages 1560 cusecs (raneing from
1100 to 2300 cusecs)J generationm~ continue for'a d~ or more or
there may be ene or more periods of generation in a d~, .depending on
the patterns of precipitation ~~d the power demand.

, 'Thc fleU in the River Gonon belou thc Cononßleie:confluence,
during periods 11hen Luichart pm'1er station is not generating, is nbout

75 cusces. A short distonee further dmmntream the River Gonon runs
into Loch Achonachie l1hich is essentially the impeundmE:ht formed by
Tor Achilty dam. The summer compensation flou beloT;I this dam is
290 cusees and this is again augmented during periods of generation at
Tor ,Achilty pm'ler Station. During these perieds the flo\v belm'l
Tor Achilty dam ranGes from 290 cusees (the minimum generation flow
equalsthe sur~er eompensation flow) to 2500 cusecs, with an average cf
about 980 cusecs.· This information is set out diagrammatieally in
Fig. 1.
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. The flOlls in the river above and bc1ol' Loch Aehonaehie may bear no
relation to one'anothcr. und fish asccnding the Borland Pass in Tor,'

. Achilty drun froni flo;lS equivalent to flood conditicns may- find thon- .
selvcs,'on pasGing out of the impoundment aoove, in a river with 1011
summer flows. Further, fish in the Rivcr Conon both above und be10w

..-......- 'Tor' Achilty dam may sometimes be subjeet to a l'1ide. range of flows a
number of times in a day,i'lith the lTQ.ter.. ris~ng to f~ood cOlldition~.

and faHing <:moy to--10'of 'suminer :flolls aS often- as .three-timesin· the"
24 hours.·· ....:. .. :. ~ ..; :.. ..,.. ~ _- - .

~'-l .. ............ -~,... ...._~... ,.

Throughout the period 1957 to· 1967 all aocending fioh have bean
passed upstrean from the Meig trap"af~er recording their leneth und
sex, while at.the.Luicharttrap cill adult fish were.returned dovUl
stream exceptin"1961; 1966'and'1967~' In 1965 someadults were passed
upstream from September ommrds. In 1958 und 1959 the fish in the
Luichart trap were fin-eliflped in a variety of lmys before beina
returned downstream so that they could oe identified on re-ent~ring:
the trap. .... --.- - .

Results

. Detail~ of'the numbe;s of ad~lt fish pasoing üpstream throughthe
Heig .. trap in 1965, J 966 and 1967" are 'given in Table 1 ana those for'.'
the Ltrlchart trap iri 1966 and1967 'are given in,Table 2.. The .'
'limitations on thc' lEirico-bh 'ofthü3' 'reportmade it necessar;r to sel~ct
on1;Ypart of .the data available." . The records give~'forJ!eig l'Tere .'

.. selected becauoo the largest upstream runo oceurred in 1965-67 und :
the seleetion for Luiehart liils made for thio re0.0on and beeause all
upstreD.tl migro.nts l-:ere passed on upstrelllll in 1966 and 1967.

A preliminary inopeetion· of the d.a~a on air and vm.ter.tempcrature,
barometrie pressure und rair~all does not suggcst the likelihood of~,
~ clooe eorrelation between'tncse factors und the.upstream migration

...... . of adult fiohr _a. tuller. una.lYsio . is nou being mo.de· und the re;mlts .. :~
-, ltiU-be' publiohed 'separately•. \ There \ras, howe'ver; some, indieaticn· :

:that most fish 'entered the .tra·ps· durinß' not l:leather: uhen" thercllas . ".
some: run-off. from thc' surroimding', land. .... .,' ..
" ". ~ ~ • .; , • •.• I ... ~ ••

II"_~"'I: j' : .. , ~ : • - .., .'. ~ ~ .' .:. ~,~ • • •• .' • ~ .' '. ., \. ~

-'-'~~"'~---Becau3e the imter flOl'1ing do~rnctreum. through the traps' ..laS' , .

regulatcd, rainfall did not result in a' rise in llater"level either at
Mcig or Luiehn.rt, but.attempts.llcre made.at Heig, byarranging,.·
art.ifici~l .fresheto, to ascertain' uhether' an "increase .~n l-mtcr :~flol:1. .
stimulatcd upotreom movement. Durin3': the' period of, the f'recho'to' . ,
the flol·,··ovcr,the trap'uas increase'd frolll',the"stcindard'flow of 37 :•...
ouseco·to a maximum of 121 cusecs, over'ci, serics 01' tvlelve hour'pcriods
then decreased'again in the sane'·uay.·;, The'expcrimerits:llere' arrd.'1ged
sothat oneof the tuelve hour'periodsfor each speed of:flowoecurred
duriner thc nic;ht and the other du:dn.; the :dos,•. , .. (Bere i t sIi6uld oe.
noted.: ·tha.i, althotigh fish entered the traps duriIlJ the hours of day- :,'
light and darkneos, 'the Lethlean f1sh counter'atthe 'entrunce to the
J3orland. pass. upstream ,of the X'loie; trap rocorded no activit~'during the
hours of' darkness.) Thera was no eorrelation between therate of '. .
flöl'l in these artificia.l ,frcshetn ·a.'1d upotreom 'mövement. . . Hnyes ,(1953)
\vorking'on the La Havc River,'o.lso found that artificial fl'Cohots had',~
little'effccton upstream movements·compared uith the effeets of rain.
, ..-' . ..

;-. : .The obscrv~ti'ons ~dc ~t' ..thc 'Meig tra~ th'ere'f'o~e' ~hc"'~d;' "(a.j-'~that
there were'considerable variatiorici in,the numbers of finh entering the
.trap ove~ the season, alth~Ugh- 1~ater flo"~ lias eonotant and (1:) .that ·if·
the 't-mter. flot" uere varie'd; there· ~1aS no detectable effect on upstrcam
movcmcnt, - or least overflol"S 'ranguig frotl 37 to 121 ounces.--------_-.._-------------
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Because fish '-lere not a110wed to pass upstreom from the Luichart ..
trap, this provided an opportunity to stuqy another aspect of upstream
migration, nnmely the variation in thc degree of pcrsistence shoim by
fish moving upstrec.m. In the years uhen thc' adult fish l'lere fin
clippedand··returned dmmstream the dates und number of times individual
fish re-entered the trap uere· recorded. . It· lias found thut many of
them re-entered the trap during subsequent wecks and that some fiah re
appeared severa1 times. The detailed recotds ure given in Tables 3,
4 und 5 und these records also show that thereis some increase in the
persistence of upstream movement, particu1arly in male fish, as the
season progresses.

Discussion

Although it has been found that spates m~ inf1uence upstream
movemcnt of fish present in tidal uatern (Henzies, 1931, Hayes, 1953),
the results prenented in thin paper suggest that high flows have no
detectable cffect uhen fish are in thc river system itoelf and above
tida1 influence.

However, 1'lhen Luichart p01'ler station io gencrating the river flou
a mile dmmotrcam of both the Meig and thc Luicharttrups may vury
considerably. It io not 1a10rm what effect this might have on ascending
fish; andhow 10ng this cffect 1asts nftcr the fish have movcd out of··
it and into thc lo~er compensation flow.

" .- lilien Luichart power station io operating the flow from the
River Conin is rnuch greater than that from thc Meig and this might
result in more fish moving upstream into thc stronger flow past the
confluence of the Ueig 1vith thc Conon. .. .

In addition some of the ,,rater from the Heig is diverted into the
Gonon through 0. tunnel from !1eig reservoir to Loch Luichart. If
upstre~~ migrants respond to characteristic tastes or odours in the
''1ater (Has1er, 1954; RasIer and Hisby, 1951; Hisby and RasIer, 1954)
und as the Gonon contains varying amounts cf lmter from the Heiß' this

might be an added incentive for Meig fieh to tstr~f up the Gonen,
0.1thoueh the I taste t roust a1m::.ys be stronger in the u<:l.ter from the Ueig.

Recaptures during 1967 of smolts tagged at thc lfuig trap in 1966
suggest that there is very 1itt1e straying. A total of 5040 smo1ts
was tagecd in 1966 und 1.6% of these ware recaptured as gri1se in
1967. Of these rccaptures 95% were made in the lfuig trap and only
5% in the Luichart trap.

The observations described in this paper show that fish will move
upstre::m under lou flmls a.nd, cven l1hen hindered in their ascent, 1'1il1
continue to persist in their moveroent upstream, particularly near
spmming time. The oituation is, houevcr, comp1ex because thoußh
flo'-l conditiono at thc tuo trap sitco 11ere virtually otable aver nearly
al1 the period of the upotrec.m run, conditions uere more variable ahort
distances downstrcam. Glimatic changes during thc period of the runs
und conditions at the ~outh of the rivcr system, which could have a
ro~ked effect on the entry of fish, complicate the position further.
It uould be umlise, therefore, to attcmpt to drat'l a.n,y wide reaching
conclusions from these observations.



Summary

1. Observations were made on the movements of adult salmon at traps
on two rivers with controlled floNs, due. to hYdro-electric develop
ments, both situated some tuelve 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 esch year was approximately
the same.

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

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

5. \FiSh entered the traps during the hours of d~light and darkness,
although a fish counter mounted upstream of the trap recorded no
activity during darkness. .

6. lf:nen adult fish were marked and returned do,~stream of the trap
many of them re-entered the trap during subsequent weeks, some
re-appearing several times. There was also some increase in
the persistence of upstream movement towards the spawning season.

7. Although large stream flolm in one branch of the river might have
influenced ascending fish to 'stray', this was not supported by
the results of tagging experiments.
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Month

July

August

September

October

Total

TABLE 1

Numbers of adult fish passing upstream through the
Meig trap, 1965-67

10 da.y .12§.2. Year
.12B.period 1966

1 2 5 12
2 4 10 12
3 14 18 13
1 4 10 7
2 14 18 32
3a

63 ( 7.6)j 52 ( 9.4» 79 ( 9.4))
1 110 (13.2) 64 (11.6» 85 (10.1) ~
2 83 (10.0) 80.6% 88 ~1600)) 80.2% 119 (14.2) 83.1%
3a 262 (31.6)~ 63 11.4)~ 134 (16.0»
1 102 (12e3~ 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
3

a 0 ---4. 2

829 549 835

a 11 day period

Figures in brackets denote percentage of total run

- .......__.1



T.lffiLE 2

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

Month

.Tune

.Tuly

September

October

Total

10 da.V
period

o
1

12
o
1

18 ( 7.8))
14 ( 6.0»
22 ( 9.5»

8 ( 3.4» 62.71&
66 (28.7»
17 ( 7.3»
5

38
4

24

230

Trap not in operation
Trap not in operation

2
7
7

48 ( 8.7»
28 ( 5.1»
51 ( 9.3»
70 (12.7») 6902%
92 (16 .. 8»
91 (16.6»
36
67
40

8

547

a 11 day period

Figures in brackets denote percentage of total run

-



TADLE 3

Numbers of adult fish marked at Luichart trap in 1959 and released
downstream and their sUbseguent 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 downstream marked
June ~ Aug. Sept. Oct. Nov.-

June 2 0 0 0 0 0 0

July 44 0 24 5 12 0

August 122 9 13 33 3
September 28 2 7 0

October 64 7 4• November 10 1

•



TABLE 4

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

No. re-entering in:
No. of times August September October ;!::r.~re-entering

1 25 13 41 5
2 7 3 11 ?

3 1 2 3 0

4 0 2 1 0

5 0 0 3 0

6 0 0 0 1•

•
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TABLE 5

Number of males and females marked at and re-entering Luichart trap, 1~:2

a Same of these fish could not be assigned an orig~~nl date
of marking because the mark had become obscure. xhere
fore these fish do not appear in Tables 4 and 5n
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