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DEPARTM'.E!NT OlJi ·FISHERIES OF CANADA 

FISH CULTURE DEVELOPMENT BRANCH 

PACIFIC AREA 

1962 PROGHESS REPORT 

INTRODUCTION 

The Paci.fie Area. staff of the Fish Culture Development 

B:t•anch, comprising twelve engineers, thirteen biologists and 

twenty"five supporting personnel, direct a great deal of 

attention to the study of' pollut:i.on~ hydroelectric, and other 

indu.9t1~tal pro,jeots affecting the fishery. The Branch has 

also been. engaged since its reorga.niza ti on and expansion in 

19L~9 in a progra.in which entailed thE-) construe ti on of projects 

designed for the ma.i ntenance and :i.mprovemen t o:r the fisheries 

resource. Initially this program was directed towards the 

removal of obstructions and the construction of fishways at 

na t11ral obs true tions which were limi t:lng the spawning and 

rearing oapa.bllities of the various s·t;ree.ms. More recently, 

h,owever, this· program. has been expa.nd<~d to include stream 

improvement pro,jec ts which have been constructed for the 

purpose of controlling the salmon 1 s environment. The program 

reached a. new high in 1959 when authority was granted to 

proceed with the B1.g Qua.licum H.iver Project which will provide 

controlled flow and tempera. ture cond.i tions throughout the 

year as well as improved spawning areas. Other significant 

development p1"ojec ts- undertaken in recent yea.rs include the 
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·construction of a new-type salmon :tnouba.tion hatchery for 

the purpose of rehabilitating a sockey(:i salmon run and a. 

ma.ss:i.ve transplantation of pink salmon eggs to a fore:i.gn 

area . .in an effort to es t1:1.blish a new ru.n of this species. 

As the work of the Branch expanded to keep pa.c e 

with indu.sti~ial developments and as the need fo:t• the applica

tion of scientific principles to ma.:tnta.:tn and improve the 

S~J.lmon stocks became more evident,, some d:lvisiona.lization 

wa.s :t.nevi table, but this has been held to a minimum in orde:i:~ 

that staff can be read:i.ly transferx•ed within the divisions 

:l.n accorda.nce with current demands. Since 1957 the Branch 

has been opera:ti.ng within the following thrErn di v:J. s ions. 

of' lndust:r:te.l proj ec tr:J, existing and proposed, which through 

their operations constitute a thr(:ia.t to the fisheries if 

remedia.1 measures a:re not a.pp lied. Developments sue h as 

hydroelectric pro,i(:'!cts, flood <}Ontrol programs, industrial 

and dom.estlc water su.pp11es, waste d.i.sposa.1 systems, po'.J,.lution 

control, etc. fall with:i.n this category. 

2.. SALMON DEVgLOPMEWJ~ - Th:ts div.ision is concerned 

prima.rily with the implementation of appropriate measures 

with a view to 1n.cx•easing the pre sent stocks of salmon. The 

work initially com~isted mainly of the alleviation of 

obstructions by means of fishways or other devices. To-day, 

however•, the Division has mu.ob. more scope and it now deals 

with artificia.1 spawning channels, hatcheries, flow 

\ 
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improvement, tempera. ture oont:r.ol g s trea.m bed irnprovetnent .P 

and any othe:r• means by which the freshwater prod.uotion of 

salmon oan be improved. 

J., APPLIED RESBARCH - This division has been 

established for the express purpose of undertaking research 

assignments looking to the development of solutions to 

specific problems encountered by the special projects and 

salmon development divisions. In this capacity the division 

is associated with problems for which there is no known 

solution, or problems whioh require investigation through the 

development and application of new principles and techniques. 

Recent or continuing projects in this field are: refinement 

of louver designs for the safe passage of seaward migrants 

around a proposed power development; evolution of an eleotronic 

fish counter for the enumeration of fish passing through a 

fishway; invest:tgation of the souroe of att:r>a.ction for beaoh

spawni.ng sockeye salmon at a lake; various hydraulic model 

studies to develo.p the best poss ibla destgns of fishwa.ys and 

other fish facilities; investigations to determine.the 

optimum and minimum flow requirements of rearing ooho, eto. 

In 1960, for the first time, a biologist from the 

Branch was assigned full-time to assist the Area Director and· 

the Protecti.on Branch in the fol"'mulation of fishing regula

tions and to conduct scientif'ic studies which might form a 

basis for future salmon management policfes. Since that time 

the responsibilities of the Branch in this field have been 
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. subata.n'ti ally increased, and in 1962 two biologists and one 

technician from the Bi•a.nch were ass:l.gned to salmon management 

on a full-time basis. 

To da. te the Branch has dealt w:i. th hundreds of' 

special projects and fewer, but nevertheless substantial 

number•s of pro,jects in the other f:lelds, and it has been felt 

for some time tha.t a oonc:tse l"'eview o.f the Branch's aotivi ties 9 

issued on a periodic basis as deemed necessary, would be a 

worthWh:ile undertaking. ·Wh:l.le the details of the B:r.anohts 

major projects a.re descr:i.bed in the Depa.rtment•s Annual 

Report, these necessarily receive only very brlef oovera.ge, 

and others of only sl:i.gh tJ..y las ser :trnportance receive no 

mention whatever. 1rhis Progress Report has been prepared 

therefore with a view to fulfilling this deficiency. It 

should not be regarded a.s an annual publication, however, as 

revlsions and updating will be underteJrnn only when sufficient 

data has been collected to warrant the considera.ble effort 

involved in so doing. 
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1. SPBGIAL PRO.TIWTS 

1 • l POWI~H DEVELO PMEWr 
----~ 

1.1.1 Che aka.mus Hi ver 

The Cheaka:mus Hiver Hydroelectric D<?veloprnent, 

which i.s owned and ope1•a.ted by the B. C. Hydro a.nd Power 

Authority, is located a.pp1:0.ximately J.~O miles due nor·th of the 

city of Vancouver. 'I'he develop:men t cons is ts of a 90-foot-high 

di version dam on the Cheakamus Rivc~r, a.pp:rox:i.ma tely 15 miles 

upstream from its mouth, and a ?.1-mile tunnel by means of 

which flows of up to 2000 cfs al"'e diverted to a powerhouse 

on the banks of the Squam:Lsh R:!.ver •. 

rrr.te Chea.kamus Hlver supports important runs of all 

speo:les of Pac:Lfio Salmon except sockeye, and when it was 

announced in 1951..i. that the power• development would be 

oonstr•ucted, the Department was concerned with its poss:ible 

detrimental effects on these stocks of fish. DetaJ.led 

engineering and biolog:tcal investlga.tions were therefore 

initiated irmnediately by this Branch. The results of these· 

stucU.es were presented in a technj_cal report which descr:J.bed 

the salmon populations; their- migrations 9 timing, and 

distr:tbution; the possj .. ble effects whlch the power develop

ment m:t.ght have on th.em; and several al terna t:tve schemes by 

means of wh1.ch th~) fisheries could be protected. 

While the dam and cUverslon tunnel were located 

some s:i.x mlles upstream f:rom the upper lhni t of spawning 

migration lt was foreseen that the development could 

se1:-:Lously affect the salmon runs :Lf ad('3qua. te residual flows 



wer,e not mainta:l.ned in the lower river. Accordingly 9 this 

Branch recom.mended that a minimum flow of )00 cfs be maintained 

in the river ·throughout the year. It was sugr.;ested, however, 

that the runs might be ma.:tnta.ined by a lesser flow if an 

artificial spawning channel of an appropri n. te capacity were 

constructed. By the time the power development came into 

service in September, 195? nego tiat:tons with the Owner had 

resulted in an agreement whereby flows of at least $00 cfs 

would be mainta:Lned on the spawning grounds. 

Since 1957, this Branch has conducted biological 

surveys on the Cheakamus River ea.ch year as a means of assessing 

the eff'ects of the diversion. The tag-and-recovery method has 

been employed for the enumeration of adult pink and chum salmon 

and visual estimation only has been used for th~ other species. 

The chum and pink salmon fry output ha.s been measured by 

sampling programs employing fyke nets and inclined-plane traps. 

The table at the top of' page .3 sets forth the estimated adult 

escapements and fry output for the period 1954-62. 

Ins pee ti on of the table reveals tha. t with the 

exception of pink salmon the ma.gn:t.tude of the spawning escape

ments to the Oheaka:mus Hiver have not changed appreciably 

since the powe:i:• plant crune into oper•a t:i.on in 1957. The 

substant:i.al increase in production of pink salmon could be 

associated with a. closure of the Howe Sound fishery which was 

imposed :tn 1956. 
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ADULT ESCAPEMEWrs FRY OUTPU'I' 
.... --- ~ .. --- ... -. 

Year Pinks Chums Coho Chinook Pinks Chums -------· ... __ ._ 
1954 12,300 1-2, 000~~ 500-1, 000~~ 

195.5 12,800 9,800 1-2 000~:· 
9 

500 ... 1,000~~ 

1956 2,600 2,350 300- 500·::, 

1957 34,000 45,000 lgOOO 1,000 

1958 52,000 4,500 29000 31900,000 4,000,000 

1959 57 ,ooo' 6!~.' 000 l~ I 000 1-2, ooo·::· 4,300,000 

1960 12-,000 i ... 2 , ooo·::· 300- 5001
'· 18,500,000 20,400,000 

1961 300,000 9,300 5,ooo 2-5 ,ooo~~ 3,600,000 

1962 28,200 .58,300,000 2,500,000 
----·------·-------· __ ......._ .......... _:._ ___ .. , ____ ~-
~(·As repo1"ted by the J.ooa.l Fishery Officer. 

It is significant to report also that few~ if any, 

salmon have been a.tt:raoted to the powerhouse ta.ilraoe located 

on the Squami sh H:l ver. 

1.1.2 Jones Creek ·--
The Jones Creek Spawn1.ng Channel wa.s constructed 

in 195Lr. as a. solution to the salmon problems created when the 

B. a. Electric Company oonstructed a dam at the outlet of 

Jones Lake 9 divertj_ng the outflow through a tunnel to a 

powerhouse located adjacent to the Fraser River eight miles 

downs'l:;rea.:m. from the mouth of Jones Creek. This diversion 

subs tan ti ally re due ed the normal flows in the lower reaches 

of Jones Creek, where a well·~esta.bllshed run in the order of 

5,000-6gOOO pink salmon spawned every odd-numbered yea.r 9 and 

sma.11 numbers of churn salmon and coho salmon spawned ea.ch year. 
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The channel., 2,000 feet long with a. bottom width 

of ten feet, was designed to provide a spawning area. 

equivalent to that lost in the stream. By use of a 

controlled intake, and baffles throughout the channel, a 

depth range of J. ... 2 feet and a velocity. range of 1-2-! feat 

per second was provided with an inflow of 20 cubic feet per 

seoand. Gravel ranging in size f:riom 1/4" to 1-1/2 11 was la.id 

in the channel to a depth of from 12 11 to lf3". A fish ... 

diversion struobure wa.s constructed to pJ:ievent fish from 

entering the original s trerun bed which now serves as a flood 

channel for flows in e:xoess of the oha.rmel requirements. 

Fau:ti gem1n1m.tions of pink salmon have spawned 1.n 

the channel. since it~ oon.stt'uotion. As a result 'of consist-

ently good egg~to·fVf su~vivll (fou~ to six times the average 

of' natUPltl st:rew:n.s) this native run has increasied p:rog:reseive

ly from the 400 fish t;hat survived const:t'uction of ·bhe power 

projeot to 5,000. The :following table shows the f:tiy 

su11vi, ve.ls tand the h:t.~tc.uly of this run. 

1955 !ioo L~OO l1.28; 000 158 ,!.[.36 37.0 

1957 ) li6 1, •l--Y 1,056 9!.f.7,000 363,,000 38.4 

1959 2,604 2,119 l,51.9,000 959,000 63.0 

1961 5 000 ~ Li.,380 3 ·' 7l'9 JI :300 l,100,000 29.0 
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The small runs of chum and coho have spawned 

successfully in the channel ea.ch year. These species are not 

followed closely enough to determine whether or not they are 

increasing in number, but the one year of adult and fry 

counts of chums show that egg-to-fry survival is of the same 

order as that for pinks. 

The capital cost of the channel was $60 1 800.00, 

over half of which was spent on the diversion structure and 

the acquisition ,of land~ Operating costs oovering inspection, 

silt removal, and miso.ellaneous repairs and maintenance 

averaged $1,750 pel:' year. 

The eight-year history of the spawning channel 

showed it to be a successful solution to the hydroelectric . 

problem at Jones Creek. In addition, it revealed the 

potential value of spa:wning channels as a fisheries develop

ment technique. 

1.1.3 Bulklez-M~~ice Riv~r Sy~tem (See also Section 2.3.1) 

In .January, 1961 the B. C. Power Corr.unission 

announced plans to develop hydroelectric power on the Bulkl:ey

Morice River system, tributary to the Skeena. River. The 

initial stage of the development included construction of a 

75-foot power da.m on the Bulkley River at Morice town; this to 

be followed in a second stage by construction of a storage 

dam on the :Morice River near the outlet of Morice Lake which 

would raise the lake level approximately 20 feet. 
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In 1961 and 1962, biological studies car:r•ied out 

an the Bulkley H:t ver sys te:m. defined the fishe1"ies problems 

assao_j.ated wtth the proposed hydroelectric development. 

In 1961, a tagging program conducted at Moricetown Falls, 

and a survey of' the spawning grounds, p;rovided details in 

connection with the :magnitude f:tnd timing of. the salmon 

:migrat1.ans, and theiii distribution within the system. A 

similar survey in 1962 was :restrioted to sookeye ss.l:mcm. 

The 1961 and 1962 s ookeye smoJ. t migration from Morice tiake 

and the 1962 s ookeye fey rnigra tion from the Nani kn River were 

s tudiad to p:i:iov:tde de tails on theix• ma.gni tude and titr:ting. 

The following table sets forth the pertineht details 

with respect to the results obtained. from the tagging program 

and fishway oounts at Moricetown. 

I 
. Tags recovered Peak rnigratioh 

Specie$ N_ uti.i.n.· __ er ts~.·-_·-.. 5.-- ~· l~ .. n·f.3.1:-· f:t ahwaf. _· s ... --_. _ Fis. h __ ws."r oovn·t···· s .. - period ( 1961) 'l!)b!""--···- ··- --_ · . .··· · · ~-·- · ·tJmrrt>r·ll- -__ :t9'6il _ · ---.. -·--.. -------... -· ...... ____ .,. ____ ......,... __ .,. .. ___________ _. -------
Sockeye 1,132 21+2 324 19 5,L~23 91~.6 July 2'7 ... Aug. 5 

Pinks l,.343 4'n~ .. 8,531 88 August i~ .. 21 

Coho 288 t1.,037 August l0-2L~ 

1,169 July 25-Aug. 4 
207 August 17-31 

On the basis of fiahway counts and recovery of tags 

the calculations reveal that the following numbers of adults 
. . 

reached Moricetown. 
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Calculated number of fish 
-~-e-· c_:t_e_s ______________ .:!:~.?~--~----· 1962 

Sockeye 

Pinks 

Coho 

18 ,OLJ.3 

23,964 

26,310 

9,908 

Although the 1962 sockeye escapement to Moricetown 

was calculated on the basis of only limited recovery data 

from ·the fishways 11 it is considered to represent a. good 

measure of the aookeye population J.evel at that point 

inasmuch as the Indian fishery records and spawning ground 

surveys were also considered. 

The ca toh of the important Morioetown Falls 

Indian food f ishe:i:~y, as reoo:rded. in the weekly reports 

submitte~ by the looal Fishery Guardian.ii is p11Ernented by 

species i'or t)le years 19!56-62 in the following table. 

xe.ar __ _§gf}k~r,e Chinook Coho Pifik . Ohurn Steelhea.d 
,.. ~ ..... --·---.............. - .. ---.....--

· 1956 1!1.29 3200 1617 296 

1957 175 2440 L~61 52 

1958 165 2874. 241+ 1.~ 112 

1959 62L~ 2508 1258 1021 343 

1960 Data not available 

1961 2092 21~98 11.57 1178 614 

1962 645. 2163 1362 500 l+.o 405 

1rotal 

651+2 

3128 

3399 

5754 

7539 

5115 
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Observations at Morice town Falls confir•m that the 

native fishermen, employing gaffs~ seriously i.njure large 

numbers of sookeye salmon. It is estimated conservatively 

that there are at lea.st as many :fish injured and lost a.s 

there ar>e ao tually caught. That the ma. .1 or•i ty of these 

estimated losses represent an aotua.1 loss to the stock is 

borne out by the fa.ct that virtually no injured sockeye 

salmon have been observed on the spawning grounclsg and that 

very few even pass through the .f'ishways. 

The estimate of escapement above Morice town Falls, 

as determined by making allowances for the catch of the 

Indian fishery and the estimated minimum losses from 

injuries, is set forth in the following table. 

SEe~ies~·

Sookeye 

Pink 

Coho 

~--!~b~n~-:m~n.wt _above Moricetown 
IJ.7.£. •. -- .. . " 1952 

... ~.... ------------- ----
1!~ ,ooo 
21,500 

21.~' 000 

----·----

8,500 

When :1.t was found tha.t there were too few fish 

a.vaila\>le for a tagging-and~·recovery program on the Nanika. 

River, live and dead counts were made on the spa.wni.ng grounds 

dul:"ing September and Ootober. On the be.sis of these counts 

the Nanika. River sockeye esca.pement has been estimated at 

5,ooo in 1961 and 3,5QO in 1962$ In the· light of the 

calculated 1962 output of 8.5 million fry the 1961. adult 



estimate appears to be low (See Sectlon 2.3.1, Page 95). The 

1962 a.dult estimate wh:toh was made under better observation 

conditions, is considered to be more accurate. 

The existence of a s ignifio ant sookeye salmon 

spawning population in Morice Lake was .confirmed in 1961 and 

re ... ooni'inned in 1962 when mature sookeye salmon were caught 

in gilJ. ... nets at 17 sites along the la.keshore. While sookeye 

were caught throughout the lrlke the greatest oonoentl:'a:bions 

were found aver, an area of. alluvial fans sl tuated a.long ten 

miles of shoreline near its south end. 

The discovery of ,juvenile s e.lmon in the A tna River 

during the sitmmer of 1961 prompted an e.xaxn:tnation 9f' tha. t 

system during the spawning season. The fact that :mature 

sookeye were oa.ptu:t>ed by g:t.11 .. nets in Atna. take :tn both 1961 

and .1962 p:t•oved tha.t a falls below the lake was not totally 

impassable, as had previously been reported. 

In J.961, the water levels of the Upper Bulkley 

Riva:ti were too low to perm:tt the entry of salmon during the 

sockaye mi'g:ra ti on perlod. In 1962, however,, the loo al 

F'ishery Otf:i.oe:J:i :r•eported an escapement of 400 soolteye l'Hl.lmon 

to Ma.xan Lake~ wh:tch is situated in the headwaters. 

Al though no ma.jar cone en trations of spawning pink 

salmon were loc a.ted in 1961 t soa tter>ed groups were observed 

throughout the lower Morice River and in the Bulkley River 

· near the Mor:i.oe oonfluenoe. A few were reported to have 

ascended the Morice River for as far as 20 miles. No 
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spawning ground surveys were conducted 1.n th:l.s area in 1962 .. 

On the basis of· v:tsua.1 observat:t.on ma.de from 

f:txed-wing ai.rora.ft and helioopte:t•, it ls estimated that 

2;000-5,000 ohinook salmon spe.wned in the upper .ten miles of 

the Mo:r.ioe River in 1961., ':L1h1s area was not examined in 1962. 

A small numbei"l of ohinook salmon have been observed in the 

upper Bulkl(~y River and several specimens have been taken 

from sa.mpling .. g:l.11-nets in Morice I1e.ke. 

While the surveys tc-)r:roin&:1ted be.fore the start of. 

coho spawning, :mj.grants of this speo:tes were observed .in the 

Bulkley~· Morice, and Nanika Rive:r.~s, and some were captured 

in nets at seveNi.1 sites near the shore of' Morice I1a.ke. It 

is probable that this species ut;llizes all of the accessible 

str•eams in the Bulkley-Morice watershed. 

Steel.head trou.t ha.ve been observed throughout the 

Mo:r:toe Hi ver and several which we:re tagged a. t Mor:tc etown 

1i1a1ls have been recovered by anglel:'S :tn the Mo:r1:i.ce R:tver. 

A continuing study of tht:) Morice River sockeye fry 

and s:malts is being oa.r:rled out and thts work is discusr1ed 

in ·bhe sec ti on deal:tng with the Nan:Um 1-iehablli tat:l.c.m program 

( S . <'.:! . t j' . ') 3 1 p 9 ~) ea ,Jeo , .on.'·... • , age ::J • 

rremperature records were obtc:.1.ined a.t Moricetown 

Falls and from the ~!oric.e, Na.nika~ and Atna R:tvers :i.n both 

1961 and 1962. In addltion, ve1~tioal tempe1:'ature se:d.es we:re 

reoo:ttded. at f()ur stations on Mor1~c e Lake during both years. 

1rhese data ax•e not available for p:resente.t1.on at this time. 
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· 1.1·.~. Set9E_ .. c~-~~.E 

About May 1 9 1962 an unusually large number of 

dead .and injured s ockeye s alrnon smol ts were observ<'~d in the 

tallrace channel of the [)eton Creek powerhouse, near 

IJil1ooet, B. C. Subsequent observations and :tnvestlgations 

by the technlcal pe:r•sonnel of th.is Branch and the Irrterna.-. 

t:tonal Pacific Salmon Pisheries Commission attributed this 

mortall ty and injury to the part-load operation of the 

generating unit. 

The Seton Cr•eek hydroelectric development, whlch 

was completed in 1956, ut11izes almost the entire flow of 

the Seton-Ce.yoosh wa.tc:rshed and t.:hat portion of the Bridge 

River flow which ls diverted :i.nto Seton Lake vi~:t the Bridge 

R:i.ver power development. The slng1e turb:tm' a.t Seton Creek 

has a. rated ca.paci ty of .58 ,500 hp under a head of lL~? feet 1 

and di scho.1"'ges a ma.x:tmum of l .. ~;500 ofs at full load. A 

12,500-foot canal, extending from a diversion dam a.t the 

outlet of Seton Lake, conveys the flow to the pow0rhou.9e 

which :i.s loo a ted on the r:tght bank of the F1:riasel"' River l1., 500 

feet downs t:l'.'eam from the Seton-PParJer confluence. A mlni.mum 

residual flow ranging from 200-l..j.OO cfs :ls released :tnto 

Seton Creek below the d1.vers:ton dam to meet r•equh"ements for 

migration, spa.wning, incubation and rear:'i.ng of salmon. 

Soc~keye sa.lmo11: :m:'l.grate through Seton Creek, ascend 

the f:tshway at the diversion da1n, and spawn in POJ:>tage and 

Gates Creeks, tributaries to Seton and Anderson Lakes 
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respectively. Annual escapements to these spawn1ng g1 .. ounds 

range from approximately 1, 000 to 9, 000 f:tsh. '11he Po1,tage 

Creek escapements :ln the eye le years of 1951~-58-62 averaged 

about 5 11 000 sockeye 9 wh1.le those at Gates Creek in the cycle 

yea.rs of 1952 ... 56-60 ranged from 5,000-9,000. Estimates 

based on the fact that the 1962 smolt migrants were the 

progeny of 5 ,1.~50 sockeye which spawned in Gates Creek :tn 

1960 dete:rm:!.ned that the number of smolts passing through 

the Seton powerfiou se in the spring of 1962 was in the order 

of 200,000. 

1.l1he mortality rate for sockeye smolts pas sing 

throu.gh the Seton Crc~ek tul"bine was dete.rm:lned as 9. 2 per 

cent in expe1"'iments oonduo ted. in 1957 by the Internatio:n.al 

Paciflc Salmon Fisheries Oomm:J.ssion, which employ·E;)d 9 as test 

spec.:tJ.nens, Chll.ko so ck eye f:lnger1 ings with an average J.ength 

of 3.38 inches. Pla.nt conditions dur:tng the 1957 tests were: 

full loa.d, 142 feet gross hc~ad, ·ca:tlwa:cer level 16 feet abo·ve 

the centerline of the runner distributor, and pl"'essure in the 

draft tube nea:r.• the underside of the ru1me:r of 1.5 psl above 

a,tmospherio. 

In early May, 1962 when dead and dying soc.keye 

smelts were observed in the tailraoa, the Seton plant was 

operating under vary:i.ng load concU.t:i.ons :r•anging fl"'OlU i~ to 

full load. 'rhe gross head was 151.~ feet, and the tailwater 

level was 5 to 6 feet above the dis t1~i bu tor centerline, with 

the probable result that sub-atmospheric pressures existed 
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in the draft tube beneath the :runner. The average length of 

the Gates Creek sockeye smol ts e.xrunined was )~ .. 75 inches. 

Dead and dying fish netted from the tailrace had gas bubbles 

in the fins, gills, and eyesJ haemorrhages in the eyes and 

at the base of the fins were evident. Many fish also had 

injured operoula and haemoPrhage of the isthmus, which we1'e 

attributed to hydraul:lc shea11 forces from vo:r.•ticc~s, etc. 

'While no precise estinm:te oa.n be made of the 

mortality experienced at the Seton Creek plant in 1962, 

observations of the tailraoe during part-load operations 

lndicated that morta.11.ty was much higher than that at full-

load operat:i.on. Extra.po la ti on of the results of e:xperim(mts 

undertaken by the U. S. A1.,my Corps of Engineers at Cushman 

No. 2 plant, and by the Washington State Department of 

Fisheries a.t the B:l.g Cliff plant, indica:tes that the mortal:i.ty 

rate at Seton Creek at i load (0.28 gate) could be as high as 

l~O percent. The efficiency of the Seton Creek turbine at 

"lrarious loads is as follow,:i: 

t~2 MW (Fu.11 gate) ::;;:· 92.:~~b; 30 J\T.v (0.6 gate) :::: 90~~; 20 MW 

(0.~-3 gate) = 81.6%; 10 MW (0.29 gate) =-= 65;~. During the 

period April 15 to May 15, 1962, the Seton plant was operated 

at 30 W4 o:t• lees for 11.6% o:f.' the t:tme, and at 10 nw· or less 

for 30/~ of the time. 1J.1he pla.nt ope1.,e:t;ed at 10 MW for 2/3 of 

the peak day of sockeye m.igration. 

It has been concluded that the pa.rt-load operation 

of the Seton Creek pla.nt during the downs t:rea.m m:tgra:tion of 
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soq.kc~ye smol ts leads to a ·11<:H.'Y ,':J er:tous mortallty at th<? power 

plant. The fac t.s ha:IJ'e bc-3en put before the B. C • Hydro and 

Powt.::ir Authbrl t:r, which owns and operates the power pliant~ 

with the r•ec<)lID11.(3ndation that in futur<? the Seton Cr•eek plant 

be opera.ted e:l't;her at full-load (best gate), or no load, 

du:t"ing the pe:t>iod o:f dOT.1ir:t:1s tream sockeye migratior.i from Seton 

Lake. 

The ~3omar:is River cUscharges into the head of 

Albern.i. Inl<? t on the west coast of Vancouver Island •. ~rwo 

ma,jo:r hea.dwa. tel:' lakes, Sproat and Great C ent:t•al, are d:r.•alned 

by the Spro1~lt a.nd Sta.rnp Rivers :r•espectlvely, whioh unlte to 

fonn the Somass River sane four miles from the sea. 

His tor•ic ally, the ,system h8.S supported subs tantlal 

populations of sookeyr::i, coho, ch'Lnook, churn ~rnlmon and 

steelhead trout. Maximum, mtnirn.1.:un, and avEn·age spawn.:i..~ng 

escapement by species, based on counts and estimrJ..tes s:lnot~ 

1940, are listed bel~w. 

'Minimum Maximum Ave :r•a r:~t~ 
_,...... .... ~-·-··-·"'·-- -"'·-----· ... ·-- .... ~ .. -, ........ ..,"' ......... ~ .......... ,,. 

Sockeye 6 ,,000 JJ)~) ·' 000 51,000 

Coho 7,000 100,nDO .:n,ooo 

Gh:inook J,000 l r.' 0 ')I') .. .) jl " l \. s., 000 

Chura 1,000 J r' OOf'J • ,1, .. 11,000 
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The cortimerci al sockeye ~rn.lmon .fislHH"Y, which ls 

ma:ln1y local, operates ln Alberni Inlet and the adjacent 

waters of Ba:r>ldey .Sound. Sockeye catches in this fishery 

since 191~.0 have ranged fJ:>om a low of 7 ,OOO to a high of 

77 ,ooo pieces w1:ch an ave:riage annua.1 catch of about 29 ,ooo. 
These catches :tnclude an unknown but probably :r1elatl vely 

small contributlon fr•on1 tlrn Henderson Lake stock. The 

oom.rne:rcia.1 catch of coho, ch:l.noolt, and chum salmon destj_ned 

:t'o:r:• the Samas s H:l.ve1:-i system :i.s di.f:t':l.cul t ta assess bec·ause 

of an intermingllng of marry stocks. 

In 1955, the B. O. Power Commisslon announced 

plans for the construction of three hydroelectric develop

ments on the .Samas s system ... the fi!'st would en tail the 

cons't:t:>uc t:i.on of a dl version darn on the A~ih Hi ver, a ma,j or 

tributary· of the Starnp, and d:lvers:ton of a large portion of 

its flaw to a powerhouse on Great Central LakeJ the second 

development called for a new darn a.t the outlet of Great 

Oe:rl'tra.1 Lake and the diversion of a ma.Jar portion of the 

Sta.mp Hl'ITe:t• flow, along with the d:i.ver•ted portion of the 

Ash Hi ver, to a powerhou.s e on Sproa. t Lake; and finally, the 

conG tl'"'UC ti on of a darn and integ:N.:tl powe1:ihou se on the Sproat 

Riv·er which would ut:i.lize the diverted !'lows and the normal 

Spr•oat Hive:r. 1 ... unoff. In recognition of the fisheries 

problems posed by these developments this Branch, since 

19:56, has condu.c ted de·balled annual surveys with a '!flew to 

obtain:tng addl tional da'l;a with regard to the timlng, 
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distr:i. but:i .. on, and lW.J.gni tu do o.f the spawning popu.la tions and 

their progeny. 

rgstima tes of the coho population~) spawning :Ln the 

Ash, Star.np, and ~1proat sys temB ~ and of the chinook and chum 

escapements to spa.wnlng areas in the Stamp and Sp:r'oat Hi vers 

were oht1:1.lrted in the fall of 19S6. In 1957, these spawnin.g 

ground surveys wer•e cont1.nued and the soolrnye 01rnapements to 

spawn:lng grom1ds j,n tho hel'i.dwateNJ of the Sta111p a.nc1 Sproat 

R:Lvers we:riEi enume1:>a ted; the forme1"' as they pa.13 S(:ld through a 

f'ishway a'l~ the outlet of G:r•eat CE'mtral Lake,, the latter as 

they ascended a WE-):tr at the outlet of' SpX'oat Lake. In 1958 

and 19;)9, period:lc s pawnlng gr•otmd checks from bos. t and 

h.el:tcopter wex•e made tbroughout the sys tern. Daily eounts of 

sockeyo ente:r-ing CJ:r>eat Central Lake (Stamp H:i.vor) were~ 

ccmt:tnued a.nnua.lly unt11 1961. li1ollow:i.ng the 19~;7 counts, 

·the Sproat La.ke sockeye e~Jcapement WEW not a.ssessed aga:Ln 

until 1961. '.11he increased r·eliabil:L ty of spawn:i.ng ground 

counts a.nd estimates obta:Lned ln large:!:' s tr.•eams by personnel 

us1ng skin-cUving (~qu:i.pment prompted a. reassessment of the 

Som.ass, Sproct t, and Stamp Ri ve:r.> coho, ohinook, and chum 

spawhing in 1960 and 1961. 

While complete presentation of the data resulting 

from these sux•veys is not wi thln the scope of th:i.s report, 

an indication of the t:tm:lng of tho coho m.igrat:lon may be 

gained frorn the 1•ecor.'ds obtaln.ed at the outlet of Great 

Central Lake which show that the average migration cm.umenc.f.rn 
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in late August, peaks :i.n mid-September, and continues 

throug~1 to rnid-Octobe1... S'lrn:i.larly, a four-year s1.:unmary of 

the tlming of ohinook sps.wn:tng in the three major spawning 

rivers· shows tht:.vt the modal pea.ks occur• in the Stam.p R:tve:r 

in the last week of Oc to b(':l!'; in the Sproat lU ver in the 

first week of November; and in t.:he Somass River just a few 

days afte:t> the Sproat. Trrn annual var:labll:t ty in the timing 

of the s.oolrnye rnig:t>atlon j.s ev·idenoed in the counts ma.de at 

the Stamp Falls; fiEJhWe.y; the Great Cent1:ietl tsJr.e ou ti et~ and 

the Sproat Hivel" weir from 1956 to 1961, whioh show ·~hat 

the migti1.a:tion us.ually oo:mmenoes about mid ... 1Tune and extends 

th:t.ioUgh to the first Wt:tek :i.n october 9 w1th the peak no.r.:ms.lly 

oct}urring about rn:td-tTuly, although the 1958 a.nd 1961 peaks 

dld 11ot occur until the f.i:Nd~ week in September. ~~ha 

oaloulated estimates oi' escape:rnents bs.sed on spawning ground 

and tri.igra.t:ton· route counts ax•e p:resen ted in the table on 

page 18. 

Initially, downstream surveys establ:i.sh$d the 

timing and :rela.tive ma.gn:i.tude of the seawa:rid rn:tgrations 

from the ma.i or spawning areas. A si.:urmrnl"Y of the dt.J.ta 

oollected throughout the system since 1957 reveals that 

active migration commences before mid-April, peaks from 

late April until m:J.d ... May, and virtually ceases by early 

June. Recently, emphasis hf.1.S been placed on the need for 

obtaining reliable estimates of sockeyo smol t production in 

Great Central Lake from which the downstream migrants can 
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Sockeye Stamp Rl ve:r at 
Great Central Lake 90 000 20 <JOO 2~ OOC) l'' C)OO 3~ 000 

' . ' . ~ ' . lr ' :::> ' 

Sproat Hlver 9,600 

Coho Stamp Hiver a.t 
Great Centra1. Lake x 9,800 7,000 13,700 5,200 l+,1.1.00 

Sp:r.e>at raver .x 3,300 5,900 

ChJnook Soma a i:i Hi'ver 1,300 2,100 
( Spawn:tng x ground Sta.m.p IU ver 1,900 l,300 8,500 
es tirna.t(;H!) 

SPl"Oat River 9,700 3,000 8 ,.500 

~,_,,,..,..,._,.. __ ... ____ _._,., ................. ___ , __ .,,.,,.....,,,, ...... ,...,,, ......... ,,,_ .. _ ... .......,,"""'_'_.,...,. . .......,.. ... -..... _ ........... -.__......, ___ ,...... ... _.,._~,,._......,., ............. __ .. _ ...... ____ _ 
·::·sp:t'los.t Ri v<:.1ri fishwa.y and we:tr counts. 

;;tstw:np J?alls fi shwa:y· counts" 

J.ea.v·e via al te:r•na te r•ou tElS - Stamp River a!• Hobertson Creek. 

1rhe Stamp raver portlon of the m:t.gre..t:i.on was sampled. w:t th a 

l .. 1.1 .:x: L~ 1 incl:tned ... pla.ne trap, the effl olenoy of ·wbJ.oh was deter-

mined from the recovery of marked smolts released upstream from 

the tl:la.p. A total count of the Hobertson CJreek migrants was 

fr,tcil:t ta. ted by th(3 install a ti on of a ·wolfe .. type trap. Using 

these methods the s:moJ..t pJ:>oduc ti on of G·1-10at 0 en·bra.1 Lakt":i was 

oalCulated to be i.9 million in 1960 and Soo,ooo in 1961. 

Age analysis of scale samples ta.ken from smolts a.nd adults in 

195? and 1961 indica.tes that over 90 percent of the sockeye 
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population m:l.gra.te to r:iea in the:tr• second ye&t:r' and return to 

spawn in thcdr fou1°th year. On the basis of a fou1•-year 

cycle, the 1960 smol t produoti.on resulted from 20 ,OOO spawners 

in 19.:58 wh.:t.le that of 1961. stemmed from 25,000 spawrHH'S in 

1959. 'J.1hese repr<':ir.rnnt an adult-to"·si.nolt produot:ton :ratio of 

1:98 and 1:20 respectively. 

In 1962, ·the sockeye srnolt :mlc;ra:ti.on from Great 

C antral La.lrn had commenced by March 27, when the trap was 

:i.nFJtalled, and was virtuaJ.J.y completed by ,Juno JJ~,. A well

defined peak was not evident but the major migration occurred 

between April 20 and May 20. A prelim:tnary est:trne.:be places 

·the tot61.l population at 180,000 smolts, and a.ssum1l1.g tha.t 

these are the progeny of the 1960 esca.pernent of lL1.,000 adults, 

this reprEJsents an adult· .. to·~smolt production ratio of. 1:13. 

A.pprox:'i.ma.tely 15 ,ooo sockeye were taken by the 

oonnneroial fi.she:ry from Mu.y 29 to August 7. 

The 1962 sockeye-oounting program undertaken at 

the outlets of Sproat and Gr~rn.t Central La.Ir.es dete:r.rnined that 

the migration oon:unenced in the f:t:t:>st week of ,June, incvea.sed 

to a broad peak dur:l.ng ,July, and continued at a relatlvely 

low level throughout August, September, and early October. 

In contra.st to previous years, however, counts were made only 

on a.1 ternate days du.ring the hours of maximum mlgrat:l.on, and 

the counts for tb.e intervening days were a.ssumed to be tb.e 

mean of the actual counts obta:tned on the p1•ecedh1g and 

followj_ng da:ys. Periodically, 24-houP counts were made to 
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establish the diurna.1 m:i.gration pattern. The results of 

nine 24.-hour coun-ts revealed that 88 percent of the sookeye 

migration occurred during daylight hours at the Sproa. t Lake 

counting s:t te and 70 percent at the Great Central Lake count

ing site. 

'.J.1he 1962 sockeye escapement to the Soma.ss River 

system was calculated to be 31,000, 17,000 of which entered 

Sproat Lake, while the remaining 14,000 entered Great Central 

Lake. The G·reat C entI1a.l escapement plus tha. t po:r•tion of the 

catch destined therefor ( Erntima t<?d to be 6, 000 sock~)ye) is 

the return from the 1960 s:molt em:lgration and x•epx•esents a 

s:m.olt-to ... adult survival o.f 1.1 percente Spa.wni.ng gt•ound 

counts of coho, ch:tnook, and chum were not under ta.ken dur:tng 

the year. 

As an ad,junct to the annual sockeye counts 

obtained at the Gx•eat Central fishway and the Spr1oa t weir., 

records of the visible j_n,Jur:tes to mlgran ts have been main

tained since 19.59. ':Phe a.vera.ge annual inc:i.dence of injuries 

at the Sproat m.ver site ha.s not exceeded two percent while 

tha.t at Great Central (Stamp River) has ranged between f.:lve 

and eleven percent. In recent years, Departmental personnel 

have expressed dissatisfaction with the attractive qualities 

of the upper fishwa.y at Stamp Palls at some r•:tver levels. 

On the a.ssumptj~on 'bhat th:t.s concUtion might contribute to 

delays and encourage attempts to surmount the series of 

falls wh:i.ch the f:lshway bypasses, a biological assessment of 

... 
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the fishway opera t:i.on was undertaken. in 1962. Durlng the 

period ,July 20th to .July ~~Li.th, when obserYers were stationed 

at the fif:.~hway and at the lowerrnos t falls·' the maximum 

hourly count of sockeye pa~rn:i.ng through the fish.way was 72, 

whlle the maximum hourly count of attempts to surmount the 

falls was 1, 236. ':.Phrough th!'~ co-opera ti an of MacMlllan, 

Bloedel a.nd Powel 1 H:t veJ:i Company, which controls the outflow 

from Great CentreJ. Lake, the river d:lscharge was increased 

from 1,1'70 cfs to 1,71.~0 cfs du:r.ing a 21-1 .... hour period on July 

25th and slrnulta.neous counts during this period revealed 

that the hou:t:lly fishway counts had ino11eased to a max:tmt::un of 

306 while the number of attempts at the falls had decreased 

to a maximum hourly rate of 11.1.6. Ii!i the 21..i.-hour period 

folJ:ow:tng resumption of "no:t"l1'1a1 11 discha.1•ge, the hourly 

fishway counts di.d not exceed. eight wh:tle the attempts at 

the falls reached an hourly ma.:idmum of 898. 

In add:t t:ton to eoun t:tng the total number of 

attempts to ascend the 1.owe:t• falls, the observ·ers also kept 

a :t•ecord of the nmnber of apparent successes and the possible 

injtu•ies. At "norm.al" discharge, it was found that less 

than six percent of the attempts were apparently successful, 

and more than ten p er(.rnnt wei-•e assumed to have sustained 

injury due to forclble contact w:tth the ca.nyon walls. With 

increased d:tscharge, over seven percent of the attempts were 

judged successful and potent:l.al in,juries rose to nearly 

twelve percent. 
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No change 1n weather conditions or stream tempera

ture occurred dUJ:ting ·the assessment period, and recruitment 

to the population holding below the falls was observed to be 

negl:l.g:tble. :rt appears the:r.•efore that the improved attractive 

qualities at the fishway entrance, coupled with the increased 

velocities and turbulence at the falls resulting f:J:tom the 

inc:rieased discht::i.rge, significantJ:y j.ncreased the efficiency 

of the f.ishway and g:r.eatly reduced the potential losses 

attr:i.buta:ble to damage a.nd dela.y. 

In the light of. these ·and previous observa.tions 

remedial measu:t1es to :tmprove the attract:tve quallties of' the 

S·bamp F1alls f:l.shway will be unde:r1 taken ln the stm:oner of 1963 

(See Section 2.1.S, page 87). 

1.1.6 Puntledge R:tver __ .,.._...,,,,~_...... .. _ _,,..._ 
The f:t sheries problems on the Puntle dge River 

arose in 195t~ when the B. C. Power Comrn:i.ssion took over• the 

original we:t;er licence held by Ca.nadia.n Collieries (Dunsmuir) 

Ltd., and rebuilt the b:ydroelee trio :tns tall a ti on to increase 

its capacity from ?,000 kW' to 35,000 kw$ This inc:r)ease was 

accomplished by the construe ti on of a new powerhouse, a new 
I 

impounding dam, and a. new intake, which could divert up to 

three times as much water as that which had been uM.1.ized by 

the original development in a period of over 30 yem"'s. 

rJ.1116 fi Sherie S problems crea.ted by this redevelop

ment are associated, primarily, with a. population of approxi

mately 3;000 early-run chinook salmon which spawn upstream 
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from the powerhouse. 'rhe ma:ln p1:-ioblems are: 

A. Sa~~-~~-~811?~-·-of J~2~~-!'.! e 831_]2} g~~l!~ .. ~ -

As a result of a study which showed that JO-Lt.O per 

cent of young salmon pass1.ng through the powerhouse 

turbines are ldlled, temporary salvage measures 

have been employed ea.oh year to trap and remove a 

substantial portion of these f.:1..sh fr.•om the intake. 

This program reduced t;he numbers of young f'isb. 

enter;tng the turbine by 35 percent but 1 t was 

never considered to be more than a temporary means 

of alleviating this problem. 

B • P al!._~~~.~--2.f'.....J\S!~l~j~ .. .§ a'.J.~.?~r.i-2-!1~.? t:::_:~ a.!:.1;_J?~~E£.....!Jl~--_f_<?_W.er h~ -

Adult salmon are delayed at the tallraoe pool of the 

power hou s e where they a:t:'e at trac te d to the la. rge 

volume of cool water emanating from the turb:lnes. 

During this delay oons1.derable lnjury, fat:lgue, 

and mortality a1"'e sustained as a result of these 

fJ.sh moving into the dJ:•a.ft tubes, fightlng the 

strong cu.rrents, and being thJ:•own back aga:tnst thE~ 

s true ture. ~~he insta.lla ti on of a weir upstream 

from the powerhouse provided the means of assessing 

these inju.1•:i.es and of obtaining an ind:loa:t:i.on of 

the :lrmnediate mortallty. Observat:l.ons on the 

spawning ground revealed the extent of the la tent 

mortality which oocurx•ed when high temperature 

accelerated fungus intrusion of the minor injuries, 
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causing a. large percentage of the reco:t•ded 

mortality. The Power Commi..ssion carr:ied out a 

series of water• releases each year and these 

achieved some suoce s s in moving the fish away from 

the :tnfluence of the ta:llr•ace and upstream towa11d 

the spawning ground. ~rhey also installed a gua1"d 

rack to prevent .fish from swimming :1.nto the draft 

tubes. n1ese temporary mea.Eiures only slightly 

reduced the incidencE) of :lnjtu1y and mo:t"tal:t.ty. 

C. J:'~:i s_~;::._2 . .:r~~.!~!~l:.. M:hg£an ts __ OV£EY tr1:._e New Ipir:ou~_£in_g D~ ... 

Reoonstruc'bion of the impounding dam rendered the 

exi st5.ng f:i.shway inope:r.able so the Power Commission 

constructed an entirely new :L'ishway, based on the 

design prepar>ed by this Branch, to allow fish to 

continue to enter C omox I,ake. 

D • ~~.~-~~i:..~.~ .... 9J.:...1'.!.:1:..!?-im~:m Fl 0 ~i_~ _ _f_9_~_}1i g:r_a ti OE..L-~E..~~i~.2. 

J.E.£.~ba t~i~.....E:.~~-Ji~~-~::~~~. -
The threefold increase in the rate of water usage 

at the new power development could result in 

inadequate flows for fi.sheries purposes at certain 

times of year. AooorcUngly, a schedule of mlnimum 

.flow requi:remen ts was presc r•i bed to ensure tha. t 

adequate flows. are ma.1ntalned :tn· the following 

river reaches. 

- downstream from the powerhouse, fo1:- spawning and 

lncuba t:i.on of chums, p:l.nks, and the la te-1"1.ln ohinooks. 



.. between the powerhouse and the chinook spawning 

grounds, located upstream from the dtvers:l.on dam, 

to fac:i. li tate the ups treo.m and downs trea;m. migra, ... 

tions. Determination of these requiN~ments 

!'elates primarily to bhe pJ.'lovis:l.on of adequate 

flows far the adu1 t mig:r1;1..t.i ons a. t Stotan and Nib 

Falls, the transpor1tr;l.t:i.on requirements of the· 

dowm:1 trerun migrants, the requ:i.reme~ts of trout and 

salmon rearing in this rea.oh, and the need to 

provide sui ta.ble wa.ter cond:t tions for angleN1 • 

... b<3 tween the impounding da.:m, and the di version darn 

and. plant intake, to p:rovide fox• spawn1.ng and 

incubation of the up:t:i:tve:r ohtnook run. Fulfillment 

of ·hh:l.s requi:rE3m<r:n1t has not pro·ved to be a problem 

inasmuch as the powerhouse flows a.re conducted 

over thl s re a.oh. 

The investigations into these problems were 

completed in 1958 and the coveri.ng repor"b recommended that: 

- a louver screening system be installed at the intake 

to prevent the entry of dowrrnt:ream m1.grants. 

- a. ba:r>rier dam, fl sh collect:ton works, and a trucking 

system be (-:111'1plo·:ted to facll:l. te:te the t:Pansportatlon of 

ups trea.m mlgra.nts from below the powerhouse to the 

head pond of the d:t ve1:>sl on da.rn .• 

- a. fishway be. bull t at the new Como:x Lake :tm.pounding 

drun (now built). 



- a revised schedule of min:t.mum flows be adopted in 

order to allow for reduced flows in the reach between 

the spa:wning groundr~ and the powerhouse. 

rrhe Power Commission esthnated that the proposed 

fish fa.oilities would cost ;f;720,ooo, and on the grounds that 

these costs could not be ~ustified economically, or that the 

Department should, at least, underw1.,i te a substantial 

portion of their costs, :tt took no action to implement the 

recommendations laid down in thE~ Heport. 

In December•, 1961 the Government of British 

Columbla appointed Dr. Henry F1. Angu.s as sole Gornmi 1rnioner 

to inquire into the problems on the Puntledge, including 

the econom:l.cs of th~~ proposals. At the hearings which were 

oonvened in March, 1962 :i.n Vancouver and Courtenay, major 

br1efs were pNH~entc:Jd by the Power Commiss:t.on and this 

Department. An addi tlonal 15 subrnisEJions supporting the 

fisheries case were presented by the Provincial Fish and 

Game Branch, the fl shing industry, the f:t.sher.men' s union, 

various commercial and tourist lnteres ts, and several Fish 

and Crrune Clubs. Two additional su.b:missions gave a small 

measu1'1e of support to the B. C. Power Comm:I.sslon's case. 

Upon completion of the Inquiry, Dr. Angus subml tt(-}d 

a 33-page, two-part re po Pt to the Goverm.nen t of British 

Columbia and this was rel.eased to the press in September, 

1962. The first part dealt with the immediate issues in 

l:tne with his terms of i"'eference. His analys ls arid 
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discussion of a.11 aspects of this case led him to the 

following recommendations .. 

"That the works suggested by the Department of 

Fishexiies be construe ted as· expeditiously and 

economioalJ.y as possible; and that the entire 

cost of these works be paid by the Power 

Commission (or its successor)". 

The second pa.rt of the report dealt with wider 

issues e.nd po:tnted to the Puntlc1dge as an example of the 

diffioul ties as soo :Lated w1 th multiple-resource development. 

Dr. Angus expects that oonnicts of interests, such as that 

which arose on the Puntledge, will recur and he suggests 

that political and legislat1.ve action are required in order 

that future rnul tiple-inte:res t resource developments may be 

undertaken w:J. thou t ('.mcounte:t:>ing such obstacles. 

No a.ct1.on has been ta.ken to date to implement the 

recornmen.dat:tons of the Jinquiry, nor has the Department been 

given any infoma t:ton concerning the future course planned 

by the Pr•ovincia.1 Government or the Power Comm:.i.ssion's 

successor, the B. c. Hydro and Power Authority. 

1.1. '7 Whi te_12_~_£:'?~~~.g,P:.i:.,ds~ 

The Whitehorse Hapids hydroelectri.c development 

of the Northern Canada Power Commission is situated on the 

Yukon River appro.xil11c.'ltely two miles south of the city of 

Whitehorse, Yukon Territory. Its main features include a. 

60-foot-high earth-:flll dam w:t th integral cone rete spillway; 



a power canal by means o.f ·which flows are conducted to the 

,Plant intake; and a powerhouse, located some 2,000 feet 

downstream from the dam, which houses two 7,500 hp propellor

type turb:lnes. Construction of this development was 

initiated ~tn th.e spr:i.ng of 1957 and the plant was brought 

into service in November, 1958. 

11he Yukon Rl.veP, in tht'.) vicinity of Whitehorse, 

suppo:r.·ts lmportant popula.t1.ons of res id en t species, sue h as 

Arctio Grayli.ng, Lake 1I'rout, Lea.st Cisco, and others, and it 

se:r•ves also as thE-l m:i.gt•a.U.on route :for an important ru11 of 

ahinook salmon destined, primarily, for the M•Clintook River, 

tJ:>:t butary to Marsh Lake. While pPec :!. se popula:t:ton estima. te s 

were not available untll after the power development orune 

into being they were known to be subs tant:i.a1 enough to 

warrant the construction of suitable fish-protective facili

ties at the dam and powerhouse. In this connect:ton, the 

local res:i.dent species were important from the :11ecreation.al 

viewpo:J.nt whereas tho chi nook salrn.on con tribute to s·ubs tan ti al 

native subsistence fisheries not only on the loci:1l level but 

also a.lcmg the lower i ... eac.hes of the Yukon FUver th:r•oughout 

the Yukon 1rerritory and the State of Alaska. 

In 19.57, ·construction of the da.m had not progressed 

to the point where the structure inte:r•fered in any· way with 

the normal migrat:ton patterns. By 1958, howevc:r•, all river 

flow was being diverted througb. the incomplete cone rete 

spillway where the velocity was so swift that it created a 
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total ba.rr:i.er to a.11 upstream migrants. l~11113rgency salvage 

operations , cons is t:l.ng of a temporary timber• f:i.shway le adj. ng 

to a hold:ing pool fr•om whence the f:i.sr.t could be trucked 

around the obstruc~tion, were therefore employed, but when 

th1.s proved to 1be :ineff ec t1ve (:re a.sons unknown), fish were 

netted below the dam, placed in a tank truck a.nd returned 

to the r:l.ver upstream. By 19.59, the permanent f1.sh fa.cili

t:l.es had been cons true tEH1 and the r~e have been :!.n s ervlce 

ever since. 

The permanent .ftsh facilities consist of a power

house collection system and bypass channel by means of 

which flsh attracted to the flows i.ssuing from· the powerhou~rn 

are led back to the r:i.ve:t> 13evera1 hundred feet upstream 

from the tallrace; a bar:ri er dam, located between the 

power•hous e and the power drun, which constitutes .a to ta.l 

barr:l.er to a.11 u.pstr0~1m m1grat:!.on and SEJX'VEHl to lead f:tsh 

to the right (ei.:1.st) bank loca.tlon of an integral fishway 

entr•ance; and a we:l.1•-type fishway, a.pproxi.mately 1,200 feet 

long, l:r,;r rneans of which. fish can aseend to the forebay of 

t;he power• d£:n:n from whence th~1y cHn continue upstream 

unimpeded. No f'a.cillt:i.es ha.ve been prov:i.ded for downstream 

m:l.grants as it 1ru::i.s consldered tha.t losses, :tf any, would b~3 

light. 

A counting trap which was inco1:-porated into the 

fishway near the ex::i. t h.<12 been op~:n•ated each year since the 

facilitie~~ came into seI'V'.ice. •.·!l'.tU.ei i.t wa.s hop<:id that tt 
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would 'be posslble to count all f:i.sh pa.srJ:lng through the 

structur,o excess.ive de1n~:ts and turb:i.dity in the spring have 

made it impossible to do so for species oth("'lr than. salmon. 

Hel la ble counts have been obta.ined, however, for the la tte:t:> 

species, which migrate upstreEtm pa::1t the site in August. 

The actual counts of ,ohinook salmon have been: 

19.59 - J.' 0~)11. 

1960 - 660·::· 

1961 ~ 1§061 

In 1962, it was not possible to assign an 

individual to this project on a full-time basis and a 

complete count therefore was not obtained. However, the 

loo al J?isher;y· O:CficeJ.>, :.l.n co-opt'l ration wl th the opera ting 

personnel of thEl power s te.t1.on, obtained some da.J. ly counts 

a.nd these in conjunc tl on w1:th v J. sual obs erva t:lons of numbers 

of fish in the river below the fi1:~h1r.ray entrance led to the 

conclusion that an estimated 1,500 chlnook salmon migrated 

through the fish.way :!.n 1962. 

l.1.8 F'u1ton Hiver 

Barly in 1961, the B. c. Power Commission 

announced plans for a hy·droele c tr:tc devel. op:men t on the Fulton 

River•, which would oons:tst of a dam at the outlet of F'ulton 

Lake, a power•house located some dista.nce downstream at the 

base of the falls, and an interconnecting tunnel and 

penstook. Althoue;h the entire development would be located 

~i-Es timated ~.00 ad.di tional chinook salmon taken in na t:t ve 
fishery wh:.tch was ope1~ated downstream this year only. 
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abqve the upstream limit of salmon migration, its possible 

ef fee ts on the lower reaches of the river required that all 

relevant factors be ns s EHJ sed to ensure tha. t the f i sheriEH3 

interests could be adequately protected. 

The Fulton River constitutes the most valuable 

sookeye salmon spawning a:r'tHt t:r•:t.bu ta.ry to the maJ.n bas :i.n of' 

Bi:thine I.Jake. Dutiing the yero•s 1953 .. 60 the sockeye salmon 

escapement to thls river, as estimated by the? loca.l Il1:i.she:ry 

Officers, ha.V'e ranged from 1'7 9 000 to l~.O 9 000, t-11. th an annua.1 

average of 90~000. 

In August of 1961, a study was :lnitia.ted to deter .. 

mtne the magn:Ltude, t:!.m:tng, and d:l.str1bution of the sookeye 

salmon spc~:wn::tng escapement. '.I1hL~.1 study included a. ta.g[~ing 

prdgram located nc:i1..n1 the mouth of the r1iver and an extensive 

des.CJ. ... recove1"y pr•agrrun on the spawning g1"ounds. The spawn:l.ng 

pe;rpulat1.on was also sampled for si.ze, oomposltion, egg 

content, and sno oe s s of s pawntng. 

A downs tream-s amp ling pro gram, employing equ:tp

men t; wh:lch permitted veJ:itio al and horizontal sampling 

wU;h:ln a cross-section o.f the stream; was conducted on the 

PuJ. ton Rivel"' du:1:.1ing M.a.y and Juno of 1962, to meain.ire the fry 

output f!'o:m the 1961 spawning, and to define the period of 

dc,wns t:ream mie;ration. 

Ternperatu~e records were taken during the months 

of salmon migrat:ton at sta.t1ons located at Fulton raver and 

Fulton take. 



-32-

A summary of the ta.13r;.1.ng-anc1-recovery data, and 

the calculated adult escar.)emont,, fry output, and egg-to-fry 

survival are presented hereunder. 

Adult Number tagged 

Nr.tmbeP of tags recovePed 

Number of dead recovered 

Calculated number of flsh 

Calculated egg deposition 

Fl _!:.]L Calculated number of fry 

Percent egg-to-fry survival 

7'18.) 

3,.590 

9 [~ c:2·7 -· '::> - I 

J.<39 'ot1.9 

237,705,770 

25,32.3,613 

10.7 

The sex ratio of the 1961 adult escapement has 

been calculated at 1.1.S. 2 percent females, !1J1 .• 6 pe1•cEmt lar•ge 

males, and 10.2 percent jackfJ. 

A fm'1' a.clul t soc key e were present on the spawning 

grounds when the s tud:r wa13 inl t;iated on Augur3t 11, but no 

rd.gnifica.nt numbers appeared unt:i.1 August 2lJ.. Tho peak 

period of entry to tho river was August 30 to September 15' 

and spawning reached a peak duri.ng the 1 a.st two weeks of 

September. 

The sockeye f:ry m:tgration wh.ich had Just begun 

when the downs trea1n s tucl.:tes were initiated on May 2, wa.s 

s tlll in progress when sarnpl:tng was termJ.na ted on .June 21, 

but the bulk of the migration had occurred between May 1.5 

and .June 15, w:lth Ma.y 29 being the calculated peak night. 

P'ry migration at the sampling s:i te was restr•icted 
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almost entlrely to the hour::.i of da1"knes[~, w:i. th the nlr;htly 

peak consistently occurring between 11:00 p.m. and 1:00 a.m., 

J?.S.T. 

J\.n lmpas.~rn.ble fa11s, app:r•ox:lmately :four miles 

from the mouth of the F'ulton FUvor, constitutes the upstream 

limit of salmon migration. With the exception of a few 

salmon wh:tch utilized the area imrned:l.atc-iJ..y be1ow the falls, 

spawnlng was oon.f:l.ned, l:H'inm.t•:tly, to those reaches lylng 

between the lower one~·thlrd :m:i.le and the upper one-half :mile 

of thE:) river. 

In 1961, water ten1periatur0s Wt:JJ:•e recorded at 

two sitr:rn: one n0ar the outlet of F1uJ.ton Lake and the other 

at the downstream end of the spawning gr-ounds. In 1962, . 

temper•atur(?S were recorded at the lower s:i.tEi only. While 

temperatu1•es i.n excess of 70°F1 were recorded at the beginning 

of adult m:i.grati.on the dally mf.Hu1 tennpEn•atm:•es at the down

stream s:!.te, du:ring the peak pePi.od of migration and spawning, 

ranged be tween l.1.7 •. 5° and 61. 0°P. During the 1962 fr•y 

m:lgration the daily mean tempe:t'a tu.res recorded at the lower 

site ranged from 39.3° to 54.5°F. 
Dur:l.ng July and August of 1961, temperatures 

above the falls were cons :tr1tently lower than those at the 

downstream s1. te, with the max:Lmum recorded increase of daily 

mean temperature betwc?en the two s:i. tes being ti .• 7°p which 

occ u:r•red on August 1~.. During Septembe1" and October the 

situation was reversed. 
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Vertic~a.1 tempera.tu:i:1 es wer•E) recorded at Pulton 

Lake dur•ing the period J·urn-'l to October• of 1961. A thermo-

o1i.ne which wEw fir~3t noted on ,July 23 at i,:t depth of 12 fi:iet, 

was situated a.t appro:xlmately the ·sa.m(:? depth on August 22, 

but by i.-3ep tembe:i:• Hl it had descend<:.-'d to 39 feet. By October 

16 the lake had appr•oachf3d an isothermal concHt1.on. 

A cornpa:r:l.':l on of tempera:l3uros 1n the 1 ake and 

river on Suly 23 and on Aug1..u1t 22, indicatc:i that tho river 

was 'drawing, :tn pa1"'t, from wlthin th0) thE:ir•mocl:l.ne; and '.i. t 

was concluded from this that a surface spill over the 

proposed da:m a.t the lake outlet could cause dangerous temper-

atu:r.e :tnc:reases on the spawning ,grounds. 

1 • l • 9 c 8E!.EJ2~~~LJ?i 1.:'.~E-~ :t .?!~~. 
In the mid-19.50•s the B. c. Powex• Commission (now 

the B. C. Hydro and Jlowe:r• Authority) proposed to divert part 

of the flows of the Salmon, Q,uinsam, and Heber Hivex.•s i'rom 

the:lr nol"'.lnal courses to the CampbE)ll n:tver watershed :i.n 

or>der to increase the hyrh•oelectr:i.c output fx·om the e:x:Lst:tng 

generating sta.t:tons on that system. '.Vhe Salmon and Q,uinsa:m 

Rivers support valuable rurn:1 of coho a.nd p:i.nk salmon in 

a.ddi t:ton to a. few ehihook s al:mon and s teelhea.d trout, whilE3 

the Heber River :i.s noted pr:i.marily for its steelh~rnd trout. 

While the pr•oposedpo:tnt of diversion, in each 

instance, was located above the normal upstream limit of 
;")) 

salmon and trout m.lgra:t:ton, .it was foreseen that there was 

a need to specify min:i.mlur1 flow requirements for fisht:n•ies 



purpose~! .:i.n the lower reaehefJ o.f each of these rivers, 

Otherwise, unprecedented low flows might occur and these 

could be expected to result in fisheries losses. However, 

a.vaJ.lable :lnfonnation was not ;mch that these mini:mrnn flow 

requlrem.E-mts could be r•ea.dily determined a.t tha.t t:lrnr:3. 

Acco11 d:i.ngly, arra.ngemc·m ts were:i made with tho power• agency 

whereby construe t:Lon of the d:tver.'3ion work13 wa.9 allowed to 

proo eed i:rru:nedia te ly on the unders tand:i.ng that thei:r opera-

ti on would be sub ;jt-)O t to prov:id :i.n.g mini.rnm11 f1ow~~ 1.u~ soon afl 

they could be defin<:ic1. Comprehens:l.v(1 s tr•ear!'l·-gauging 

programs were ther•ef'ore ird tiated J.rnmedia.tely with a vlew to 

collecting these data as soon as possible. In this connec-

ti on, a complete schedule of flow r'equ.:i.rements wa::i not 

developc:3d u.nt;:i.l 1962, and these ha.v~~ now been accepted by 

all parties. "rhese a.re: 

A. Salmon River 

(a.) a m:tn:Lmum flow of 100 cfs at the head of the 

-spawn:i.ng gr•ounds duP:i. ng the m:l.gr•atlon and spa,wning 

periods (August 20 - November J.;:)). 

( b) a mln:i.rnurn flow of 83 cf s throur;hou t tho bala.nc(~ 

of the year. 

( c) :Lf na tura.1 flows are les r.1 than those presc rlbed 

:tn (a) and ( b) all d:i.vers:l on shall cease and the 

entire flow will be released to the lower river. 

B • £~i~E.9..:~ .. n.~!:Y.!2: 

(a) a minimum flow of 60 cfs at the head of the 

I 



spa.wn1.ng grounds du:t•ing the spawning and mig11a. ti on 

periods (September 1 - November 1$). 

(b) two :f'eet of s to:r1age 1n the Uppe:r. Quinsa.m T...1ake 

rese1"Voir to be reserved exclusively for fishe:raies 

purposes in augmenting releases below the point of 

diversion e.t those ttmes when inflow is not 

sufficient to meet the f.i sherie s requirements. 

(c) the rate of diversion may be restricted during 

the balance of the yef:U' if necessary in the 

fisher•ies interests. 

C. Heber Rlver 

The rate of diversion may be restricted at any time 

of year :t:r necessary in the ffshe1"ies interests. 

While it wa.s originally in tEmcled tha. t the agreements 

reached in the case of the Quin.sam and Heber di versions should 

be as well-defined as those on the Salmon, the complex :r'Unoff 

patterns of the for:mel' and the relative :tsola. tlon of the latter 

have proven to be such that the cost of obta.ining the necessary 

basic data is out of all proportion to the benefits gained 

thereby. Under the clrcumstan.c(;is the conditlons outlined in 

the fo:rego:tng seem to be a reasonable compromise, and, j,n 

fa.ct, they appear to be working out well in practice. 

1.1.10 ~.amp,!3-!'t c.a&o.~ 

During the last several years the u. s. Corps of' 

Eng:l.neers has been conducting pPelj.ndna.ry feasibility studies 

in connect:t.on with a proposed gigantic power• development on 
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the Yukon Rive:r- at Rampart Canyon, appro:x:i.mately 75 rnil<-)S 

from FaiPbanks, Alaska. The development tmder study contem

plates the cons tructio:n of a 1.~1.~8-foot-hea.d dam on the Yukon 

main stem which would alienatE.~ all salmon runs to the upper 

Yukon Hiver in the Yukon r11erri tory, if suitable fish pas sage 

fa.cili ties a.re not incor•porated the :r•e:l.n. Sine e these r•lms 

c.on t:r•i bu te to an :trnportan t na t:Lve subs is tenc e f:ishery in the 

Yukon Te:r.•r•i tory this Branch hat~ bEH'.m concern~)d with the 

proposed development. 

Preliminary engineering and economic studies 

r•elated to this development N3portedly have been favourable. 

:Mol"'e detailed studies a:r~e now in prog:N)Si3 and in thls connec

tion the sum of $300,000 htHl been allotted to U. S. Pish and 

Wildlife agencies to deter•m.ine the presence and :i:•elatlve 

abundance of f:tsh and game wM.oh might be affected by the 

p1~oposed hyd.1:>0 development. Wh:tlc the :report on t:he outcome 

of theS(!) ~3tudies will not be completed ·unt:t1 ,June 30, 1963 

an excellent lla.i f:rnn has all'eaa·.r be en os tabl:tshed between 

this Branch and the respomd..bJ.(:;i U. S, fiBhEn:•:i os agencies in 

order that tlH.:i Department can lrnop abreast of not on1y the 

resul ti::i of th<-) Hsrnpart fisheries s11r•veys, but 1:1.l1:io the 

progress being made on the entire project. To this end~ 

representatives of th:ls Bra.nob met with ~rnn::i.01'.' off':l.cials of 

the u. S. fisheries agencies j,n ;runeau, Alaska. ln April, 1962 

in order to impress upon them the importance wh:tch Canada 

attaches to the Yukon sa.lmon runs (See Sectlon 1.1..7, page 27) 



·and .to be br•:te:t'E~d on the p:r>ogre~rn of thf) U. S. fisheriea 

stud:t~'s, pa.rt:i.cula.rly as they may relsvt;e to the Cnnad.ian 

interests, A further meet1.ng ls contemplated for the spr1.ng 

of 1963 at which time the rEisul ts of the 1962 Emrveys will 

be I'E~v:tewed. 

1 • 2 • l c ~E.:!·.~-~~~:::-~}.:!:. v E!.!'. 

The Cleveland Darn, com1tl"'uoted on the Capllano 

Hiv(~r :tn 19)l1. by the Gl"'~)ater Vancouvex• Watex• District to 

lmpr•ove itf.3 domest:l.o wate:t• supply system, is over 300 feet 

high, and the accom.pany:t:ng 1:•Erne1•vo:i.r :i.EJ three a.nd one-quarter 

miles long. Small popula tlons of pink and chum salmon ~1pawn 

1.n thf) r•eacl:rns below the dam and coho salmon and ~Jteelhea.d 

trout u.tillze spa.wning ~md :NH-tring 11reas 1oca.tE~d above the 

rErnervoir. 

(Joint invef3tlgatiorni unc'ler.•taken by this Branch and 

the Px•ovinc:la.1 F1ish and Game Brancb., and negotlB .. t:lons wl th 

the Wa.te1" D:tst:r•:i.ct, 1•esulted in tLw oonstx•uction of the 

follow:i.ng fish proteo ti ve works: a divers 1.on v.reir, f:l.shway ·' 

hold:i.ng pool, brai ling poo1, hopper pool, hoppE.~r, and t~u1k 

truck. '.rhese fac:tli tie~J have operated efflc:t.ently and no 

insurmountable problems have been encountln:>ed to date. 

11.1he annual numbeJ:is of fish t1 .. ansported above the 

dam since trapplng and tr•uold.nr.; operatlons wex•e initiated in 

July, 1954 are listed below. 
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Date Coho . ----------....... - .. -----. . ·---· 
1954 291.5 

1955 L1.999 

1956 1.EllJ-1 

1957 ,506;:2 

1958 37l39 

1959 2785 

1960 3663 

1961 2119 

1962 2636 

Stoel head ------.... - ......... ____ _ 
L~? 

137 

82 

25 

211.~ 

161 

39 

87 
__,,__ ..... __________ ,,,,.. .... __ ... ___ ~--....... ·---··----.. ..... -----

A sk:t-jump-type spl11way was :Lncorpor>ated into the 

dam to minimize the losses of downst1 ... eam m:igPants. In 19.55. 

and 1956, jolnt studies conducted at th(' spillway indicated· 

that the mortalitif:JS of coho and ster:ilhead smolts, over a 

w:i.dely var:i.od range of d1scharges, aver•a.ged 57 pe:r•cent and 

69 percent respectively. These mortality ratee were 

conf:i .. rmed by furthe1• tei:i ts o ond1w ted :tn 1958 and 1959. 

In conjunction with the spillway tests, additional 

studies, involv:l.ng the enumerat:i.on of coho smol ts entering 

and leav:i.ng the reservoir•, were conducted duPing th(~ p~)riod 

of dowmJtrerun m:lgratton. 'rhesE~ studies :i.ndicuted that some 

residualism is occln'r'ing within the roservo:tr where smol ts 

are rearlng to both the sub-2 and sub-3 stages. 

Whll.e deta.:i.led studios ha.ve not been undertaken on 

the Capilano H:tver since 1959 trds Branch has ma:tntained an 
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accurate record of the numbers of coho and steelhead trans

ported ar•ound the dam. 

1.2.2 f\J.~ern~:_lulJ.?.J~:lJl (Sproat Lake) 

Tho water supply to the MuoMilla.n, Bloedel and 

Powell Hiver Lind. ted pulp mill at Alberni is dra.-vm. by pumps 

from the head of S t:trling Arm of' Sproat Lakc:i fl:"om whence it 

is tranr1po:rted approx:i.mately flve m:tles by pipeline to the 

mill. 

Important stock~~ of soekeyo fJ.nd cob.o salmon a.re 

found in thc"J Sproat ays tern, and SproEt t Lo.k(-.;l serves as their• 

rearing area. To protect these species the intakes to the 

pump well were f1.tted or:l.g:i.nal1y w:i. th. a.cceptable-t,;rpe 

stat1onary screens, but successlve boor::li~s ln the mill water 

demand in the interim were accompanied by increases in the 

approach ve1oci.ty to tho r101:>eens. By 19~50 salmon fry and 

smolts were fl:rst noticed :in rn ... unbers :tmpinged on the screens 

and it was concluded that the veloei ty of app1•oach was too 

high to ensure the E-nrna.pe of juven:tlE' fish from the screen. 

'I'he:i Company's coopex•ation was enllsted and p1arni to rem.edy 

tho problem were prepared. 'I1l1.e se involved the cons t:t:"uc tlon 

of a. new in take s true ture, fl tted with ·G-tm se1 f·~clean:tng 

traYell:lng screens and a double row of tlmbo:P sheet piling 

which :formed a channel through which water was drawn from the 

intake to the existing pumphomrn. At that time the maxlmum 

expec t;E:)d m:i.11 demand was 39, 300 US gpm ( 87 cfs) a.ncl. the intake 



was so desi;:;ned tl:10.t the nw.xin.mm veloc:lty of approach at 

mi.nimum E.1ub111e:t'gc:mce would not exceed the accepted standa1•d 

V<?loc:i.ty of approach of 0 .~ .. O fps for thi~:i t·ype of 1nstal1a

t:ton. 'rf1ese works were constructEid :i.n 1959 nncl. there han 

been no evidence since then to indicate that young salmon 

are being ki.lled at thts site. 

In 1962, however, the mill was undergoing another 

ma,joP expanston which env:i.f3aged an :l.mmodi.ate inoreo.se · :i.n 

demand to .52,300 US gprn (116 cfs) wi'bb provision :fo11 im 

u.lt:i.mate demand of 65,JOO US gpm (:Ui.5 o:fs). r.ro fao:tllta.te 

these planr! the Company has c ems t21 uo tr::'! d a new pump house 

ad,jac0mt to the or:i.ginn.1 one, and ar~ a rem:tJ. t of Company 

lia:l.son. wl th the Departrnen.t, the two lntaJrn bayi:J havo bEHm 

fitted with self-cleaning travellinc screens similar to 

thos0 at. the e:xlst:l.ng purrrphouse. 1rhe excavat:i.on for two 

addi t:tona1 lnta.ke bays and a future e:xpo.nr:J:i.on of the Dt)W 

pumphouse have been completed but c.onstruct:ton wi.11 not be 

ln:i.t:i.a.ted unt:Ll the need becomes a.pparent (p:r.>obably in 

seYerial years). 

Nei t.her of thEl pumphouser:i are equipped with f' :i.sh 

bypasses and th:i.::1 deflc :i.enc y has been bec.omlng a matter of 

:i.n<n"eas:i.ng concer•n as the mill cont:i.nues to expand. In th:i. s 

cormect:ton, the pumphouses are located a.t the head of 

Stirling Arm, and when m:tgrants ax•e blocked at the :Lntake 

screens they mut1t revrn-•se. the tr dh"ection of migration for 

approx:i.mate1y l·~ miles in order to obtain egrioss f:rom the 
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Lake v:t a the onJ.y outlet, .Sproat FU ver. Wh(:3 n the origlnal 

pur11:phousE; was constructed it was conc1uded that the amount 

of water to be di.vE~rted wa.s so smal1 :l.n compa.rison with 

normal 1 ake ou tfl owf1 that only a relatively ~nn.a.11 p:t~opo:r.tion 

o:f.' the downst:rearn migrants would be attr>acted to the 

diver•rdo:n; and that those f:i.sh that were .so attrr:wted would 

eas:tly find the :i. r way. to the na tura1 outlet when they found 

their pa.th bl oe.k:ed b·y· the lntake s crer~ns@ rrhis theo:t•y 

proved to be correct inasnn1ch as there have been no reports 

of uni.:tr:ittall,y 1arge concentrnt:tonr.:1 of m:i.grants :tn the v:i.cinity 

of the pumphous<'J 1a.t any t:.i.me. 

Pre1:l.minary stud:le~;i ha:lle lndicatE1d that (}Onstruc.-~ 

tion of a. suitable bypass, :tf feas:Lble, would be an e:xtr(nnely 

costly unc1ertak:tng but the Company has been adv:l.sed that any 

future expanslons, beyond those already announcf.7d, w:ill be 

~mb,jected to a more. c:t':tt:l.ca1 Pev:tow tb.an those :i.n the? past. 

In the meant.ime the two pu:mphouses now in service w:l11 be 

watched very car•efully in order to de term:tne whether or• not 

the problem cn1tl:tned above :l.s likely to mat!:)r:lalize • 

1.2.J li.:1}~_E·'aJ:].s .J:.~~;~J~~.J~~:.~! .. (Campbell H:tver) 

rr:he water supply for the Crown Zt)11e:>rbach (Canada) 

Irimi ted, pulp mJ.11 at Dunc an r3ay, noar the tmrm of C !=nnpbell 

H:i VE~r, is drawn f:t>o:ri1 the C mnpbell rU.ver.· by means of a 

d:lversion canal and pumpl:.ouse.~ from whence :tt i.fJ conveyed 

through a p1pe1 ine some two miles to the m:l.11. '11l:lEl ma1n 

spawning gx'ol:mds for· a valuable [Jtocl\: of chinook salmori. ar•e 
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si tua.ted be tween the point of d.:i.version and tho John Hart 

power•house, app1:io:x:tma.tely cme 111lle upstrt?am. 

When the di vers:i.on was first con ternpla.ted in the 

early 1950•s the Departnwnt contacted the Company, and as a. 

result of technical d:i.scussions tho Company ag:reed to ins tall 

s ta'bl.onary screens to exclude fry and smoJ. ts from the pu.mp

hous~. '.rhE:)Se sc:r.•eens sub1rnquently provt~d to be (;')ffeo·btve 

bu. t it was .found that bernaus e t;hf;y Wf:H"'e 1 aca ted at; the end 

of a 100-f oat-long lntalrn channf3 l f:r•om the river tJ::un•e wa~1 

a ne<;.id to provide a suitable bypa.S(~ ·bo l"etu1"n f:i.sh f:t .. om the 

face of the soree1u1 to the riv€n". Accordingly an 8-inch 

bypass pipe, approximately 150 feet long, was installed for 

this purpOf:!El • It pJ:'OVEJd to be 1"Etther :tneff0ot:i.Ve bocaUse of 

the low head available but no large a.ccumula:t:tons of f:i.sh 

have been recorded at the face of the screens. 

In 1962, when the Company a.nnounced plans for 

increasing th:ts diversion, tl:d.s Bl"'anoh met w:l:t;h its pep:r.•e

sentatives to review the plans in order to define the 

possible effects on the local fish stocks. As a result of 

subsequent nGgotiatlonr.1 it was a.greed that the e.xlsttng 

pumphou::rn and a new one to be <.}ans t:r'l:w ted alongs:tde would 

be fitted w:l. th s elf-clean:i.ng trmre11:1.ng sere ens which would 

provide for a. maxi.mum approach velocity of 0 .11.0 feet per 

second at minimtun submergence and the maximum expee ted demand 

of 40,000 US gpm (89 cfs). F'urthennore, lt was agreed that 

the bypass should be abandoned a.s it had been la1:ogely 



in~ffective for its intended purpose. In its place· the 

Company a.greed to excavate thr~ new inta.ke channel :tn such a 

way tha.t· its do'lrmstream (:r;efer:r•ing to the d1rect1.on of river 

flow) bank would be flared out at an angle of lt.5 deg!lees to 

the ups ·bream bank, whiclh would be perpendlcula.1" to the :ri var. 

In thifl way the pumphouse, i:n. effect, was moved to the edge 

of the river and instead of being confronted with a dead-end 

ohf.itmel, LUl p:r•R.rvicmsly e.xistedp fish which are attriaote<..1 to 

the :tntake t:Lt'C2J e.xpec·bed to oontd.nue downstr'<:Hltn readily when 

they approach the screens.. ~t'he quan t :i. ty of wat~n'l d:t ver ted is 

smaJ.l in compa1":i. son with the regulated minimum t.'ltrw,9 em.a.na t:tng 

from the powe:.r.•hous e up11J t:r•eam so :i. t has not been nec.H:J1:1saJ:>y to 

date to estm.bl:lsh a. mln:tmum flow for f1.sher:tes purposes :l.n 

the lower river. 

Work on th:l.s p:r.o jec t was underway :tn. J. 962 and the 

s :t tua t:t on w:1.11 be watched cloernly when "the im3 tal la t:.ton comes 

into service in order to be certain that it ie fulfilling the 

intended purpose. 

1. 2 .l~ If~~J:p].~J:~~.~.E.~~~}:.;rl:. (Nana:tmo Rlver) 

In l9h9, MacMillan, Bloedel and Powell H:tver Ltd. :1 

a.~1 :i.'l~ :i.B known to-·day, was constx•ucting a pu.lp ml11 at a 

site on tidewater a.ppro1tl:r.na tely f1ve mlle~i south of the ci t;y 

of Nana.imo. At the srune t:J.me i.t was constructlng along the 

banks of the Nana:!.mo Hiver, sc>mE~ seven ndlEH.l away, a numb€H" 

of Ha.nney we11s which wc~re expeo "bed to draw a c lEHU', f'.:tl tered 

water from an "underground 1.ake 11 for use :tn fu1n.lllng the 
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mill's water demands. 

Nana.:l.mo River supports imp or• tant runs of chi nook, 

coho, and chum salmon, and steel.head trout and whlle it was 

recognized that the Company would not·be drawing water 

directly from the Nanaimo Hiver, this Branch consider•ed tha.t 

the latter probably was at least partly responsible for re

oha.:r.glng the "underground lake 11 , and there was a need to 

speoi fy a m:i.nimum fl ow i.n the lower rl ve:r for flsherles 

protection. As a result of subsequent studic-is the Department; 

recommended to the Company that a m.i.nlmum flow of 39 cfs 

(:minimum daily flow recorded in the :rlver up to that time) 

be provided in the lower river at all times. 

When the m1.11 ca.me into pro due ti on it was reported 

.. that the Ranney wc?lls were prov:t.ng to be lncapable of fulfil

ling the mill's demands. In any event, the Company began 

oonstruotion, almost Lnuned:t.ately, of a pumphouse, near the 

si tea of the Ro.nney wells, whj.ch would draw wa·ber directly 

f11 om the NanaJ.mo River. '11he Company subsequently agreed to 

:tnstall stationary· sol:'EHms a.t the intake to the pumphouse, 

but be ca.use the s true ture wa.s to be 1 ocated at the ri ve:t• 

edge there was no need for a. bypass. Fu:r•thermore, the 

Company agreed to ma:tntaln the 39 cfs mln1.mum flow require

ment for fisheries purposes in the l"'iver below the point of 

diversion. 

By 1953, the Company had constructed a storage 

reservoir at Fourth Lake, in the hea.dwa ters of the Nanaimo 
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Ri.v:e1•, for use in au.gm.en ting naJ:'.tl1al low flows :1.n the lower 

reaches of the river. At this t:!.me the Company was a.uthor

ized, by the Comptroller of Wa.te:r. Rights to div·ert from the 

system a.t a ma.x.t:mum :r•atE~ of 100 cfs, H.nd the add:l.tion of 

J0,000 acJ:ie-feet of li.ve sto:Y.'age ensured 1:ihat the Company 

wottld be able to f'u11'i11 :1. ts mill demands and the recommended 

minimum flow .t'or flsheries ·at all tlmes. 

In 1962, howevi:.~r, the Company appl.i.ed to the 

Oa:mpt!'oller of Wate:r• H:i.ghts for a 1.ioense to divert an 

addi ti orlal 25 cfs ( a.n agg:r.ega te of 125 cfs) from the Nanaimo 

River. To fa.cll:i. ta.tc~ thls dlvers:i.on the Company priopos ed to 

001·u3truot a second pumphouse on the Nanaimo Rtver alongside 

the existing s true ture. Thls Branch objecd;ed to the a.pplica-

tion pending approval of fishe:ries protection at the n~)W 

puinphouse and a.ssu:ranoe 'bhat adequate flows would be 

maintained in the river• below the point of diversion. 

No pl"'Oblems were encountered in convinc:tng the 

Company that the intakes to the new pumphouse should be 

a.dequ.ately screened to prevent ent:ry of small fish, and i·b 

has agreed to install self ... cleaning travelling screens in 

the .i.nts.kes to be> th pu:mphous es. Since there ls no need for 

a bypa.s s a. t e:i. ther intak<::'J the fisheries p1"'oblems assooi ated 

with the pu:mphouses haYe been resolved satisfactorily. 

W:t th regard to 1111.ni:mum flows in the lower river 

the Compan:r hai:1 been approached w:I. th a view to prov:tdlng, :at 

least in. some years, a larger min:!.:mum flow than that which 
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has been required in the pa.st (39 cfs). Evidence which has 

come to light since the ini tia.1 minimum flow recommendation 

was advanced clearly indicates that this should have been 

more in the order of 75 cfs, based on the mean of the minimum 

mean monthly flows over• the period of record, ra. ther tha.n 

39 ci's ll which was the m:tnimum daily flow recorded up to that 

ti.me. Ii,urthermore, periodic reports from the Depa:l'."tmen t 1 s 

local field officers suggest that 39 ofs is definitely too 

low for fisheries purposes. Accordingly~ this Branch 

initiate'd studies to detex•mine whether or not it would be 

possible to boost the mlnimum flow requirement without 

impa.:tring the output of the mill. 

These studies disclosed that in the driest of the 

13 years studied it would not be possible to provide more 

than 39 ofs, as even this a.mount would requi:r•e almost full 

d:t•awdown of the reservoir. However~ these s tud:tes al so 

discJ~osed tha.t in most yea.rs a min:l.mum flow l"equirement of' 

39 ofs will result in only moderate drawdowns of the rese1•voir 

and that i. t therefore would be possible to prov·ide more than 

39 ofs most of the time. In the light of this dev(~lopment a 

rule curve for operation of the Fourth Lake reservoir was 

submitted to the Cbmpany. rrhis curve contemplated a minimum 

flow of 75 ofs at those tl:mes when there was not a water 

shortage, bu·t; allowed for a re due tion to 39 cfs :tn extreme 

drought per:lods. Computations wh:tch assumed tha. t the :rule 

curve was employed during the 13 years of discharge records 

disclosed that the extreme d:r•awdowns would have been no more 



sev:ere than those requlr1ed for a. cont:tnuous m:tn:t.mum flow of 

39 cfs, a.1 though a.n average mlnimum flow ln. the o:r.der of 

60 cfs would have been mHinta:lnE~d. As thi::1 seemed to be e. 

reasonable., solution to this matter the rule curv(? was 

discussed with 1''0prer.rnnta.tives of the Company. ':I1o da.t:.e, 

howev:er, no final agreement has been reached and negotiations 

will be continued in 1963. 

1. 3 MUUrI-PUHPOSE1 DEVT£LOPMEN'.I1S _ ... _.... .. ____ ....,,,,_~--.... -... ---....................... _ 
1.3.1 Fraser River Board 

Hecognition of the growing need for an advisory 

board ·to recommend a resourees development pr•ogram for the 

Fraser Htv:er basin resulted in 19l1.9, in the formation of the 

Domini.on-Provincial Boa.rd, F1:rase3r IUver Basln, which corrnlsted 

of :five members each from the Fc:lderal and Provincial govern

ments. During its term in office this Board collected a 

wealth of basic da. ta. in connectlon wl th the r•esource potential 

of the basin but it was superseded in 1955 by the Pr as E~r H:i.ver 

Board, which was charged w:t th more speo:t fie terms of refe1•ence. 

The Fraser lUver Board consists of four members -

the Director, Pa.c:i.f:tc Area, o.f the Department of F'Jsherles, 

and the Dlrec tor of the Water Resources Branch o.f the Depar•t-

ment of Nortb.ern Af.falrs a.nd Natlonal He sources, representing 

the Federal Government; and the Comptroller of Water Rlghts, 

and the Surveyor-General,, of the Department of Lands and 

Forests, representing the Provincial Government. Thls Boa.rd 

fulf:i.1.led its spec 1.fic · terms of reference with its submission 

~ 
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of an Inter:tm Report on Flood Control :i.n June, 1956, which 

was followed, in June, 19.58, by the Preliminary Report on 

Flood Control and Power - the latter, for the most part, 

supersedlng the earl:ter report. 

The Preliminary Report discusses three alternative 

schemes for thE) optimum development of the hydroel ec t·ric 

potential of the sys tern, each of which would be cap~'l.ble of 

provid:tng ov<n" 5,ooo,ooo kw of power while a .. ffording the 

des:I.red degree of flood control. 

These studles were not l""est1:i:Lcted to a complete 

plan of development; of the basin becauf~e the Board felt that 

the urgent need for flood <~ontrol, as demonstrated by the 

flood of 191~.8, was of more hnmed1ate importance than the 

pro due t:i. on of power, and bee a.use of the serious fi she rie s 

problems associated with full development. Studies of 

alternative system~1 of part:t.al development were ca.:r•ried out 

therefo:i:•e to deter.mine whether 01• not they could meet the 

follow1ng four 1"equ:l:N3mEmts. 

- To provlde the· desLrc~d degree of flood corrlil"ol. 

- To be compatible wlth the fisheries :l.nterestis. 

-
11.10 be economically self-support:lng through the 

pro due t:i. on o.f power. 

- To form an integral paPt of fu.11 development. 

Although it was found that none of the partial, or 

minimum sys terns could fulfi 11 these four re qui re:rnen ts, 

System "A", as it is known, was cons:t.dered to be the most 
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suitable as it crone closest to achieving this objective. 

This system, whJ.oh wou1d have a. peak capacity in the order 

of' 1,000,000 kw, oons:tsts of 11 sJ.tes: f1.ve on the Clea:r;• ... 

water River, three on the Oariboo River, one on the Fraser 

above Pr:tnce Geo:r.•ge at Ollson Greek, one on the MoG:rego:i."I 

River , and one at S tua.1" t r,ake , 

Tha Preliminary Report stressed the fact that the 

planning to date had consisted only of academia studies, 

and it recommended. that a progrr.tm of t~ ite su:r•veys, beginning 

with System "A", be 1.ni tiated to determil1E') whether O'.t" not 

the projects were feas1ble. It l"ecomrnended also that su:c•ve;J·s 

be ini tia.ted to studJ the f:i.sheries problems associfJ.ted with 

the dE")Velopment of this ~3ystem. 1l1hei Report suggested that a 

surn of $1,81.~5,000, to be spent over a per:lod of three years, 

would be adeque:te for these addit:i.cmal t3tudies, and it 

:recommended that 1)200, 000 of this amount. be allotted to the 

requisite fisheries investigat:lons. 

'I1he Gover•nn1en ts 1 acceptance of these l"ecomme nda

t:i.ons resulted in the r~)-establ:i.shment o:f' the Board :tn the 

summer of 19.59 under terms of reference wh:i..ch, ln effect, 

authorized the studies recommended in the Preliminar•y Report. 

'11l:i.e Board was di rec tecl a.1 so to subm:l t a final report on or 

before Septembe:P 30, 1963. 

Early in 1960, the Board engaged a biologist and 

two techn:l.c ia.ns to carry out the reco:rmnended f:i.sheries 

s·tudies under the direct:ton of the Department of Fisheries. 
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During the period 1960-1962 fisheries studies 

included e:xtensi ve air and ground surveys to obtain informa

tion on the numbers, timlng, and distribution of the l"'uns 

which m:i.gh t be affected by the System "A11 dams. Good counts 

of adul'l;is were obtained on the Clearwater River but results 

of a similar order were difficult to obtain on the McGregor 

and F1raser H:!.v·ers because of turbld wa. ter condj_ tions. Two 

fishwheels were lnstalled on the Upper Praser to sample 

a.dul t run.a to tha.t area. 

Inclined-plane traps, which were imltalled near 

the mouth of the Clearwater River and on the Fraser R:tver 

upstream from Prince George, :Ln order to obtain detaU .. s with 

respect to the downstream migra.tions, resulted in good 

oatchss at the Clearwater site while th~se at the Fraser 

site were quite low. 

'.I'hermogra.phs, lns talled at a number of' sites to 

obtain water temperature data., were serviced and ma.in ta.ined 

in collaboration with the Internati.onal Pa.cif:tc Salmon 

Fi she r:tes Commission. 

The initial System "A" has been altered substan

tially as a result of information obtained from the drilling 

programs and othe:r• detailed studies. While the five sites 

on. the Clearwater H:tver have not been changed appreciably, 

two of the three sites on the Cariboo R:t.ver have been 

elim:t.nated on the basis of their geological conditions. It 

has been necessary therefore to increase the proposed height 



of ,the dam at the third site in oPder to create additional 

storage capa<~ity to off[~et these los::Jes. 

The 011.~wn Creek site, wh:tch was probably the key 

p1"'oj0ct in the entire System, had to be:-) di::icarded when it 

was found that foundation cond:i. t.1 ons wer•e very poo1". It was 

r•eplaoed by the Grand Canyon sites which :!.s on the Fraser 

River upstream from its confluence with the Bowron River. 

A special report on the f:i.sheries problems associ-

a.ted with the proposed Stuart Lake dam was prepared .1ointly 

by th:ts 'Br•anch and the ~-la.lmon Co1mrlisslon, fen:' subm:i.s}3ion to 

the Board in August, 1962. This HEJJHn~t :r•ecornmend(.:id that the 

Stu.a.rt. Lake site be wl th.drawn from th0 Sys tern on thc::i grounds 

tha. t: 

(1) the development is not oonipat:l.ble w:tth the 

fisheries interests. 

( 2) 1. t; repres(mts on1y a. mi.nor i.:wntribution to the 

overall flood control re~1iremonts. 

(3) equivalent flood protectlon can be obtained 

more economlc a.ll:y· by other 1~1e ans.· 

The si t;e was sub~rnquent1y deleted from tho S;vs tom. 

'.I.1b.e McGregor.• darnslte was not ehanged but cons:tdera·-

tlon is now be:i.ng g:i.ven to a propoE1al whoreb;r the MoG1"'ego:r> 

Rlver would be diverted :tnto th0) :Peaee n.:tver. 

Tl ii ' d t "L- ' h " 1 (~ t "E' 11 1J.S rev:i. se s:rs .em 9 w.11.1c. :i.s .1{nown as .::>ys ,em .• , 

:l..ncludes five dams on the Clearwater 11:1.ver, one on the Cn.riboo 

River, one on the Praser Hlvor• at Grand Canyon,· and one 011 



the McGregor River. 

Engineering sur>veys were carried out during the 

summer and fa.11 of 196? on the Clea:rwater, Upper "F'ra.ser, and 

McGregor Hiverfl to obta:tn dattl necessary :fo:r. the des:lgn of 

suitable fish facilities. Following the completion of the 

dI•ill:tng program and the blologlcal and eng:Lneering surveys 

in the fall of 1962, d<::itaJled office studies were inlt:t.a.ted 

to detor:rnine th(:) fiE~heries requirements at ea.ch ·of the? 

proposed d~uns. 

In general, all of the Board's studies are progres

sing satisfactorily and it is expected that they w:tl1 be 

completed :ln time to report to the two governments by 

September, 1963, as contemplated by the ter•ms of reference. 

1 · 3 · 2 ~~~i~~~ .. 11:~Y..!:.!' Pl2 o<!_9_C2~.~:t:'...~L . .P ~~.:!:. 
The Okana.ga.n H:tver is one of the two r•emainin.g 

tribu:tar:l.es of the Columbia. Hiver 1vh:!.ch suppol:'ts sockeye 

salmon. While the Ele fish are explo:i. ted by the United States 

commercial fishery in the lower Cohm1bia., their spawning 

grounds are s :i.tuated entirely in Canada._, primarily in a 

fotu•-mile Peach of the river ups trerun from Oliver, B. C • 

IUstor:i.ca.1 records show that the Okanaga.n River 

has supported. sockeye spa111r.ning over the past 50 years, but 

by 1939 this run was a.t a low level, and this decline has 

been attributed to the numerous irrigation and other water

use pro.iects on the stream. In 1939, when the construction 

of~ Gr•and Coulee Da.m alienated the spawnlng grounds of' the 
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upper Colurnb:La Hive:r, the Okanaga.n River was one of the streruns 

selected to receiV(:J transplants in a progr•am imp10m(0nted by 

the U. S. Gove:t>nment to trans fer the upper Columbia sockeye 

to other parts of the Columbia basin. Largc:i numbers of adult 

an.d :fingerling sockeye were planted in the Okana.ga.n in the 

per:tod 1939 to 191.1.J, and :Lt has since bGcome a maJor contri

buto1• to sockeye production :tn the Co1u.rnb1.a River. 

In 1946, a Board of engineers which had been 

comm:l.ss:toned to study the flood problems of the Okr~.rui.gim 

valley, 'submitted a. report which recommended that new stox•agE3 

dams be constJ'."ucted on the major headwaters; that the exlst

i.ng d:tvers:l..on dan1, ~;)mployed :for :trr:tgation purposes 9 be 

replaced; and that a new stra:tght channel, with a greate::t:' 

d:!.scharge capacity than the rlvel.' bed, be construc.ted l:n the 

reach des:!.gna.ted a.s "Section O", wh:tch lies between the town 

of Oliver and Osoyoos Lake, 15 mile f:J downs trea:rn.. The 

d:tversion dam constltutes the upstrel1m 1ltn:i.t of salmon 

migratlon and the Board's recommendation that th:l. s s true tu re 

be replaced would not alter this situation. The new channel, 

however, would be less tb.an half' the length of the natu:r•a.1 

river, and the Board 1.,eeomrn.ended tha. t a s toep two-mile 

sect;ion. bo pa.vE~d wlth heavy rock and that tho remain:tng 

13 miles be t3qu'lpped with 13 drop 13tructu:t'CS, each three feet 

high, to re-d:Lstr•:i.bute t:he natuJ:>e.1 st:rer:i.m gJ:•ad:l.ent. Thls 

work involved thG entire 15-rn:i.1.e length of r:i..vEir ln whlch 

sockeye ss.l:rncin f:l.J'.'0) kno1tn1. to have spo.wnod. 



While conr.~t:ruct:lon of the flood control WOl"ks 

proceeded upE3t:riemn. o.f the uy,rper lim:l.t of salmon migration, a 

joint ast~esr.~ment of the possible effects of the Sect:ton 11 0 11 

flood-con.t:rol wor•Jrn on thE:) fj_shG:J:'Y was conducted during t.he 

pe1:ii.od 1952 to 19'.)Li. by the U. S. Pish and W1.1dlifE') Ser•V'ice, 

th<:'3 Washington State Depa:r•tment of B,i~ihe:t'i es, and the 

Department. This assessment defined two critiae1 problems: 

pa.vlng of the cha.nr1el. would dest1-.oy the moat produetive 

spawning 1:'1.:re1:u3, and tr.u:? drop structures would obstruct access 

to the spawning arc::.ia.i::J. ~L1hese pr•oblems were sati.sfa.ctorily 

resolved. when the :flood control a.utb.or•i tles acc~epted the 

fisheries agencies' J:1econmienn.atiorn=J that tho ma,:jo!' spawning 

ai)ea.s be left intact by su.bstih2'bing rock-·fil.1 dykes for 

channeltza.t:ion and pa.vine;; and that a d:r>op structure design, 

passable to upstream migrant f:lsh, which had been developed 

from hydraul:l.c 1 aboratory tests conducted by this Branch, be 

used in Sectlon "C" of' the p:r>o;Ject. Construct:1.on of Sectlon 

11 0 11 was completE~d in 1957 j and assessment o.f the project 

during sockeye migration,, spawning, and inc}ubatlon periods 

since that time has determined that the .fishel"'ies protection 

measures a:r>e fulf:ill:i.ng their lntended funct:tons. 

The total 1962 sockeye run to tJ:l.e Columbia. Hiver 

was l.~o,ooo fish, cons:lstlng of' a catch of 11,000 and an 

escapement of 29,,000. This is onl-y 18 per•cent of the 

prev:l.ous t;en-year average of 218,000 a.nd it .is the smallest 

run recorded s:tnce 19lt.9. '.11he total escapement counted at 
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Bonneville Dam surmounted the seven :maln ... stem dams as far as 

Rock Island Darn, above wh:tch 12,1.1.20 f:i.sh were accounted for 

in the Wenatchee Hiver system. The 13, 200 sockeye which 

migrated through Rocky Rel'cl.Ch Darn, which is upstream frorn the 

Hook Island Da:m ancl the Wenatchee River 9 wer•e presum.a.bly en 

route to the~ Okanag1~n. Four spawning ground surveys. conduc

ted in October, 1962 accounted for 6,400 sockeya on the 

Okanaga.n spawning grounds, wh:i.c.h represents a substantla.1 

decline from the previous 10-yei:-:u~ e.verage esc:~apement of 

27 1 000 fish. 

The annual engineering inspection, conducted in 

early September, dlsclosed that six of the 13 drop stpuctures 

were obst:ri.:wted by planks placed by local farmers to raise 

wa. ter levels in the rtver. Th.ts is an annual occurrence, 

and steps were ta.ken to have the obs t:r•uctions removed before 

the sockeye mig:.N1 tlon arr:t vecl. 'I111e flows of the Okana.gan 

River were abnoJ:>rnally low for spa.wn:tng, but because low flows . 

were expected to continue throughout the winter on acc.ount 

of low storage levels in uprlver reservolrs, the spawning 

flows were not artificially increased. 

Biological surveys led by the U. S. Bureau of 

Commero:ta1 Pisherles established that the Oka.nagan spa:wning 

escapement was composed of 59 per•oent 32 fish and L~l percent 

42 fish~ Estimated total egg deposition was 6,3j3,246. 

Spawning success wa.s 90 percent fol" 32 females and Bo "percent 

for 42 f:i.sh. 
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1. 4. POLLU~~ION ,,..,..,....._......_..._ .. 

The fisheries problems resulting from the wide va.r:le ty 

of pollution problems which arose dur•lng the cur1"ent year 

can be grouped umhrr the following headings: 

A. Pulp Mill Effluent 

B. Mine and Miseells.nE~ous Indus·tr:tal Wastes 

C. Dbmestic Sewage 

D. Pesticides 

This report out1lrn:is the sa.1 lent features of the most 

important problems in the fil"st two categories, and lists 

the problems in the la.Ht two c ate~or:t.e s. It also sunmJEtrizes 

the resu.lts of the .follow:tng thr(?e f:I.eld studies. 

(a) a. baffle exper:i.ment t;o remove lnsect:i.cides from 

(b) distribution of· kraft mill pollution in Alberni 

harbour 

(o) surveys related to a pl"oposal that to:xaphene be 

employed to eradicate coarse fish from lakes of 

the E.:ag1e ruver system. 

Several E).X:l.s t:i.nc; pulp mills have been 

completed, or were contemplating expansion in 1962, 

and in each case tho adequacy of the effluent 

disposal facilities was assessed. At the Port 

Mellon mill of Canadian ?orest Products, where a 

new bleach plant and accompanying submerged sewer 
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line were installed, the studles indicated that 

the wastes from this plant will continue to be 

adequately diluted in 'I'hornbrough Channel. 

Similarly, the wastes from expanded p:r>oduction at 

Crown Zellerbach's Elk Falls Mill arie expected to 

continue to be rapidly diluted by strong tides in 

Dlsoover'Y I'as sage. Reports of large numbers of 

dead and dylng fish were :r•ecei ved from Alice Arm, 

nea1~ the Port Alice pulp mill, in late July, 196? 

when tempera.tu:t•es were high and freshwater inflow 

was low. Dissolved oxygen values :tn the order of 

l ppm or less were found in su1 ... face waters (0-10 

f.eet depth) at stations 6 miles from the mill and 

these depletions persisted to the mouth of. Alice 

Arm. 

An :tnterim report was prepar•ed .1o:tntly w:lth 

the technic a.l staffs of the Interna t:lona.1 Paci fie 

Salmon IPisheries Commiss:ton and the Provinc1.a.1 

DepartmEmt of Hecreat:ton and Conservation to describe 

solut:l.ons to the f:li:1heries problems which might 

otherwise be expected :i.f the effluents fr•om proposed 

bleached-kraft pulp mills aN.i d:lscha:rged into the 

Fraser H:1.v<1r. Mills at Spr:lngfield, Oregon~ and 

Iiongv:tew, Wash:ington were visited, where in-plant 

practices presently being used to reduce the 

quantity and to.x1.c:i.ty of the pulp mill effluents 
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were discussed w1 th pl1.:i.nt technlcal personnel. 

Moreover, biological problems and pollution

abr:.1.tement f'ac:l.llties at some mills in Oregon and 

Washington which discharge effluent 5.nto r:i.vers 

wore d:!.scussed wlth staff memb<:)rs of Oregon State 

Universl ty a.nd the Or•egon Sta.t<:1 Pollution Control 

Board. Meetings were held in 1962 with representa

tives of Canadian B1orest Products Company, Cooper ... 

Widman Company, and Noranda MJ.n:i.ng a.nd E:xplo:ra ti on. 

Company 11 all of whom exprf::issed intere~3t; in buJJ.ding 

pulp m:tlls in the Pr:tnce GeoJ:>ge area. Only 

Canadian B1ore1st Produets definitely plans at this 

t::!.:me to bu.1.ld a m.:t.11 in th:ts area, and negottations 

rela.ting to effluent dlsposal are underwa:y. 

IHscussions· were held also with representat:lves of 

Krunloops Pulp and Timber C o:mpa.ny, with regar•d to a 

proposal to build a. bleached-kr•aft mill at Karn.loops, 

and these negotiations are continuing. 

B • Min ~.!!.l2..11 i ~~ l la£1~.?U~-~n d1:!_ s t_!j.:_.~_yr a~.~ll.!~. 

Negotiations wer~ initiated with Hooker 

Chemical Company concern:lng the disposal of 

effluent from a proposed chlorine manufacturlng 

plant lnto No:r.thumberland Channel, near Nana:i.:mo !I 

and these negotiations are contlnuing satififac

torily. In order to alleviate the considerable 

d:i.fflculty LH.farge Cement Company experiences in 
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prec:lpita ting and recovering flue du~i t from their 

cement k:tln~1 at the:lr Lulu Isla.nd plant mod:l.f:tca

t:i.ons were eff'ected in the system of jet exhausters 

and prov:l.i:i:lcms 1,1e:r-e made for> rec:trculating the 

effluent in the jet exhauster circuit. These 

measu!'f)S p:r•oved successful as tr.t<,:i omount of oalc:ltun 

and the volume of the effluent har.~ b~Jen subs tan

tlally reduced, and ext;:reme fl1.:wtun.tions in pH of 

the (?ffluent have been 0·1rercome. Diff:lcultles with 

clogging of the diffuser which di schal'ges the 

effluent :!.nto the F'raseJ:> H:i.v<n' are being exper:t.

enced and l"emedial meamH'<?S are bfdng taken by the 

Company. 

Discuss:tons aonce:rning th0 pl"ovif:don of 

tailings dtsposal fac.i.litles werE~ initiated during 

the year w:L th the managomen t:3 of Mount Wnshi.ngton 

Copper C ompan:y (IJ:1solu111 H:i.vel") , Gra.nduc M:l.ne13 (Unuk 

H:l.ver) and Jordan River Mines (,Jordan Il:l vol:>). At; 

Britannia 'Mine (HowEi Sound) studies have c~ommenced 

to detorm:!.ne the sources, and th(~ effects on fish 

and :i.nver•tebrates inhab:l ting the :intertidal zon.Ei, 

of copper- and iron-sulfate-bearing waters 

origina tlng from the bacterial ox :lda.tl on of sulfide 

ores in slag piles and old mine workings. 

Disposal of wastes from :~evf:n•aJ. small plants 

was stud:i.ed. Panco Poul try Company, Surrey, 
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provided an oxidation deck and laGoon for aerobic 

biological oxidation of viscera, blood, and offal 

from poultry. At tho same plant a turb :i.n('.l aerator 

has boen installed to 1:.1.ugment the a:tr supply and 

ta pr•event anaerobic deeomposl t:i.on of s ol:!.ds 

ac.cumula ting on tho bottom of tho lagoon. !ilfflu-· 

ent d:tsposal .facilltic:Js w<n•e provJ.ded by B. G. 

Ch:i.ps teak Company, Hj .. cbrn.ond 9 B. C • Neci;o t:!.e.t:ton s 

fo:r th(~ prov:!.~'d.on of :sicrooning followt:id b",y- e:I.the1• 

an enla.:rged ox:!..da.t;lon la.goon or a 1:iprink1er f:l.eld 

disposal a-.yst~'lm 1rrnre initiated wi.th B<:H'l:'Yla;nd 

Ca.nn:i.ng Company IJimlted, Haney, B. C, and are 

continuing. Fruit and vegetable wastes from this 

plant a.re pr•esently discha.rged :l.nto an overloaded 

pond which har:i become anaerobi .. c * r•esul ting in the 

pollution of a small tri.butary of the Alouette 

Hiver. 

C. Domestic Sewage 
----·-···~--~-..... - ....... - .... ~, .. ~-;;.:.i.,._, 

1l111e following sewage treatme:n t fa.c:i.l:tt:i.es 

have been s tucl:i.c~d and i;ipproved :l.n 1962. 

1 •. Ma.mquam Sewerage Dlstr:l.ct ·· O:xi.dat:l.on d:i.tch -

Squam:i.sh lU ver 

2. Village of Squs.mlBh - O:xldation di. tch -

Stawamus Hlver 

3. Grown Zellerbach Company·· - Septfo tank -

Pr•aser IUver 



4. Village of Ashcroft - Activated sludge -

Thomps cm lUver 

5. Village of Pa:rksville - Subma.rine pipeline .. 

Gulf of G·eorgia 

6~ Canada. Ri.ce M:Uls - E:nla:rged septic tank -

Fraser River 

7. Village of Merritt - Activated sludge -

Nioo:t.a River 

8. Town of North Krunloops ... Enlarged s tab:t.l:tza. ... 

tion pond - Thompson River 

9. Oi ty of Quesnel ... Aotlvated sludge .. Fraser 

River 

D. Pesticides 

r.rhe fqllowing pes ti ed. de applioa. ti on a were 

oarivied out under su:rve:tl.lanoe of this Branch and 

the lac al Pro teo ti on s ta.ff. 

1. Copper salts for sw:tnun.e:r1 s :t tch control ... 

Oul tus t,ake 

2. Sodittm a.rsenite for control of marine bor•ers 

... Teakarne A:J:>m 

~· Orofton 

- Oall Oreek 

M Tyee Plaza Marina 

- Horseshoe Bay 

- Earl Cove 

Wesport Export 

•, 
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.. Norwood Lumber 

- Burrard Drydock 

- Moore-Whi ttlngton 

3. Benzerrn hexachloride for ambrosia. beetle c on.trol 

... 0 ow:tcha.n Lake 

- Coma.x La.ke 

- Na.na:i.mo Lake 

... Tahs:t. s Inlet 

4. 2 .. 4 ... n :f'or brush o ontrol 

- Cowiohan Lake 

... N&na:tmo Lake 

- r.rsolu.m River 

S_Ee~B:.l Stu~ 

(a) A. Baffle ]:!J!po_:t:l:tn!-!Ft .. to R.emo~<?___T_q_~}.c __ J!.1~9 tl:oi.0~!:1. 

from Stream Wa..te:r 

'J.lwo plots of logging slash adjacent to two 

f'o!'ks of Lens Creek were selected by the Federa.l 

Department of Fares b.7 a~i areas tn whlch to apply 

benzene hexachloride and thioda.n, in 01"'der to 

assess thetr relative value in controlling the 

ambrosia beetles' a. tta.cks on felled and bucked 

loga. Th:.ts experiment p:r.e-)sented a.n oppo:rtuni ty 

to d.eterrnine whether or not baffles placed in a 

strerun would remove these low·~densl ty toxi.c 

materials and thereby prevent mortal:i.ty of f:l..sh 

down.strea.m from the spraying ar•ea.. 



The baffles, rnade of l'' by 6"' f:i.r pls.nks 

naJJ.ed butt .... to-butt; were positioned on the water 

surface of both branches of Lens Oreek below the 

areas ta be sprayed. Slots were cut into the 

lead1.ng edges of the baffles just below the level . 

at wh:toh they :f.'loated. In pos:t ti.on 9 the baffle 

spanned the creek width forrn:l.ng a. "V" with its 

apex po1nting in. a downs t:ream direction. A 

plywood box was placed a.t the ape.x to o olleo t the 

delete:r:lous ma:t.eri.al. Ltveboxes con tain.i.ng 50. 

coho salmon fry were placed upst;ream and dmm.atream 

of the ba.ffles, and a "contra l '1 ltve box con ts..lning 

the same m:unber of coho salmon fry wa..s loea.ted 

well upstream of both spray area.a. 

Area 11 A1' was sprayed wlth thiodan and benzene 

hexaohlor:tde, while only thiodan was applied to 

Area "B". A l:t.ght but noticeable oil-.slick, 

observed on the water surface, was collected by 

the "A" baffle, but there was no fry morta.l:tty in 

any of the l:tveboxes a.fter a pe1.,iod of two days. 

At "B" there was no immed:ta.t·e fry morta.1.ity after 

spraying, al though a noticeable oil-slick wa.s 

picked up by the baffle. Fom.1teen hours l1i,1.ter 

fish in bath "B" liveboxes were in severe distress, 

and all were dead after six teen hours. All 

"oontrol.s 11 survived. Small res:i.dent rainbow trout 



were observed ups trc-nun of the baffle at "B" prior 

to spra.ying, and after a.11 f'ish ha.d d:i.ed in the 

li vebo.xes, the stream was e.xarrdned to determine 

whether or not. any rainbow trout had (fl1rvj.ved. 

Most of them were dead, the rerr1ainder ·morl bund. 

A dye, W111iams O.il Red 9 had been added to tr.te 

thiodo.n-oil mixture, a.nd s trc-:iamers (>f coF-tgula. ted 

red material were seen adher:i.ng to a.quatlc plants, 

ston.es, and debris on the bot;tom of the stream. 

From this experiment, it has been concluded 

that baffles are unlikely to be effective in 

pr(wenting m.cn""tali'l:;y of fish ln Wf..tte:l:"s downstream 

of areas treated with insecticides, although thsy 

may recover some floating materials. 

( b ) pis .~~ti o~'!_ of ~l~-~C.l:?-!3 d K£~£~ .... 1>.~JJ?_J.'.(1_~:1.:. .. i o 1~ut:t9!! 

in Albern:t Inlet 

Studies of current patterns :in Albernl. Inlet 

were undertaken durlng the yea.r in an attempt to 

determine the distrlbution of the local pulp m::i.11 

effluent. These were based not only on the actual 

effluent itself but also on the distribution of 

the freshwater inflow from the Som[;1,ss Hivep. 

A thirty-percent rhodam:i.ne B - ethyl alcohol 

mixture was introduc eel :lnto the Somass Hiver four 

feet below its surface by means of a pre-diluting

and diffus:i.ng-ap·paratus mounted on a. l t~-foot scow. 



Dye :r.eJ.eases, perpendicu1£u:' to thE) di rec ti on of 

river flow, which were calculated to give a final 

dye concentration of 0.12 ppm were made twice 

during pe:r.iods of high-slack, low-slack, flood, 

and ebb tides. The dye fronts produced by each 

release were observed from a helicopter and 

subsequently plotted on a map. 

WhU.e releases of even larger concentrati.ons 

of rhodam:l.ne :tnto the dark, tnrb:i.d effluent from 

the Albernl pulp m1.11 fa:i.led to producE~ a colori 

which war.'l difwer.ni.ble from the hel:lcopter, :t t was 

noted that the pulp m:l.11 effluent :l.mparts a 

dist:i.nct b:1:'own oolcn• to the norma.lly-wh:tte Pl"Opeller 

wash from a boat. By plott:lng the point at wh:i.ch 

the propeller wash was most highly discolored, it 

was poss:tble to detect the ma1n path followed by 

the effluent for con.s:i.dera.ble dist&nces from the 

ou tfa.11, and to es tab Lt sh the reg1ons of h:tgh, 

intermediate, and low effluent concentr•at:ion in 

Albern:t Harbour. 1J~hese obr.~ervat:tons were made 

dur:i.ng tidal phases similar to those at which dye 

releases were made :t.n the Somass River, and ·ben 

stat:i.ons were selected at which ve1~t1.cal S(:iries of 

mea.sur<nnents of tempe1~ature, sa.l:tn:t t7, and 

dissolved oxygen were taken. Windless conditions 

pt'eva:tled whlle these stud1es were being oar:ried out. 



1.rhE-J results of the :1tud:ter~ lnd:l ... cated that 

during the period of observation (August), there 

was no di:r'ect entry of the effluent lnto the 

Somass River, nor was there any evidence of the 

effluent backing up into the r:i.ver during any 

tidal phase. There was no line of distinction 

between the effluent and the r:tver flow off the 

mouth of the 1"*iver as ml:x:tng 1:i.ppeared to take 

place over a. br•oad front between the river flow 

and bhe effluent as it left Pulp Mill Bay. Du1"ing 

the ebb and low-slaok ti.dal phases, movement of 

effluent from Pulp Mill Bay seemed :more pronounced 

but at no time was flushing complete. Consequent

ly, h:tgh concentatlons <>f effluent pe:r. .. sisted in. 

Pulp Mill Bay. Low sa.1in1 ty values measured ln 

Pulp M1.ll Bay confirmed the vlsua.1 ind lcatlons of 

ste..gna.Mcm and low oxygen values. Examinatlon of 

the results of a si::unpling program :tndicated that 

dissolved oxygen cone en t:r.ations :i.n Pulp Mill Bay 

were appreciably deprf:)Ssed. D:i..sirnlved oxygen 

concentrations at the fJUrf'ace ranged betwEHm 0.7!.1. 

to . 2. 63 ppm at the head of Pulp M:l.11 Bay, wh:i.le 

those obtained at thr•ee stations beyond the 

immed:i.ate outfall region :r-erna.ined below 5 ppm. At 

all stations dissolved oxygen -0oncentrations at 

the bottom were low, generally below the 5 ppm 
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level. Temperature measurements taken at four 

ste.t:tons on thf3 (~ff'luent path :i.ndicated that 

surface temperatures were raised by at least 7°F 

l.n the ou tfa11 ar<:H~.. Water sarn.ples obtained at 

the same s ta ti on s du1~ing the third w<.:iek of' 

September gave s1.m:l.1a.r :M su.lts, al though d:ts solved 

oxygen concentrations were not quite so iow as 

·bhey were in August. Addi tiona.1 measurements are 

planned in the winter as well as in the spr:.tng of 

J.963, when the downstream mi.grs.t:ton of salmon 

smol ts is undel''way :tn the Soma.s s Bi ver system. 

F1ur•ther dye re J.eases a.re plenrn~d dur:ing periods 

when up-:i.nlet w:tnds tend to drJ.ve the effluent 

towiu:•d the r.i.ve.r mouth. 

(o) Studies Relatinr to a Proposal to Eradicate Coarse 
..... ----·--..... ..,. ..... - .. .::.Q .......... ,~ ... ,,...,..... ........ __ ,,,_, ........... ;.,, .............. _._...,..~-·-·.,-" ...... '~ ........ -----.. --.,.----~· 

~:.!.~ h ~.f'.~~91!!;_f!E;}~~EL.=L~1l_~.~ E~l e--~~t v 2£...§J~~.!!::_~ 

'l111e S:!.ca.mous Fish and Game Club erected a 

ba.:r.r:i.er between Griff:tn and Three Valley Lakes on 

the lfagle ruver i:iystem as a m~Hms to prevent coarse 

fish from entering Three Valley, V:i.ctor, and Summt t 

Lakes, which they pla.nned to poJ.son with toxa.phene 

and re ... stock with trout. While the ba:rrler had to 

be removed because it blocked the passage of coho 

salmon, which spawn as far• ups tr1E}am as the ou t1e t 

of Victor Lake, 'bhe proposal to poi.son the lakes was 

deferred unt;il furthe1" studies had. been completed. 
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It was therefore nee es sa.t~y for this Branch to 

conduct a SUl"Vey to deter•mine the number.9 of coho 

and s oolrnye ~J alrnon which m:i.ght be exposed to the 

toxaphene. It was also nec('HJSary to estimate the 

rlver d:Urnha.rge 1n order to determine the dilution 

capacity available between key points in the 

sys tern. 

Separ•ate surveys we-r'e made ln early October 

and mid-NoV"ember, 1962. 1~1rom rl1hr(:H:) Valley Lake 

dow.ns tream to Ma.J.akwa. Br:tdge a total of 6t1J sockeye 

salmon were counted, while 1,lf.12 coho salmon were 

counted :'l.n the~ reach betwtHm. Surnmlt Lake and I)er>ry 

R:i.ver. · On the assumption that Summit, Victor, and 

Thr•ee Valley r.akes would be poisoned, :t t was 

estimated that a dllution factor of only 1.6:1 

would be available, a.nd th.at; 90 .,5 percent of the 

coho population might therefore be endangered. on 

the f:U.rnumpt:ton th.at V:tc to:r and Summ:i. t Lakes only 

would be poisoned, it was est:i.mated tha.t a dilu.t:ton 

ratio of 7.5:1 was ava1lable betwe1.-m V:icto1"' Lake 

and Perry R:tver 9 and that an est:l.mated 21 percent 

of the coho salmon population might be endangered. 
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1.5.MISCELLANEOUS 
• I ~ • ' ._.._., .... ~~"""'""""-

Corn3idera.b1e lnterest in oi.1 explcn~atlon a.long the 

Continental shelf of the Pacific Coast of Canada has devel-

oped :i.n l~eoen t year fJ • Sc··nreral c ompanle s have obtained 

explorat:ton p(n•mlts, e..nd occas:l .. onal r:rnrveys have been carried 

out :tn 1.3p001.f:lc areas such as off the c-}afJt coast of G-:rlaham 

Isle.nd~ :i.n th<:.1 Queen Charlotte group, and off Hobe:rts Bank in 

the southwest corner of British Colmnb:ta. In adcHtion the 

Royal 0 a:n.a.cllan Navy and thf) Department of Mlne s and Techn:t.c al 

Surveys have ca.1~:rl ed out non-oom111erci al surveys us :i.ng heavy 

explos:i.ves. 

Sei sm:tc surveys using the gas-exploder a.nd e lee trio 

r.:iparlter techn:tque ha.ve p:r-oved to be innocuous to f'i.sh life. 

1l1hls teob.nique is be1ng used fa!' rap:Ld prolim.lnary surveys 9 

but in most cases high-vc?lod.ty explosiVfJS with deeper 

penetration are required for accurate definition of potenti~. 

oil ... bearing fo:t'm.atlons. These exploslves are letha.1 wi th:l.n a. 

certain radius of the explosion point; this radius being a 

function of the Blze of the charge and the velocity of its 

shook wave. [)ince large ch1:i.1~gc:)S of h:l.gh ... veloc:i. ty explos:i.ves 

also prov1de t'he best seismic :records, a.n:'Y' :rna.rin~~ seism:I.c 

p1•ogram rep:r•esents a potentially serious threat to fish life. 

To guard agaJ.nst these he.zards the Department 

s tmd:tes each proposed exploration pr•ogram and ou t11ne s 

certain flflh ... protec tlve requJ.r•c:.m1ents. Upon receipt of' the 
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oompa.nyts L:i.s1mrance that j.t will comply witb these condlti.ons 

the Depa:r>tment w:tt}'.1dr'8.Wfl Jts objection to the rn•ograr.n. rrhe 

ma.tn requi.rern.c-mt is that the survey carPy a T)(::Jpartrnental 

observer who is vefited w:Ltb the ·poW(H' to t?top, delay, or m.odlfy 

th0) pr•ogram 1f f:l.sb. are being k.ilJ.ed oP endan0;ereo.. Other 

l:mposed :reqi.:d.re:rnentEi relate to .the s.i.ze of oharges, the t-.vpe 

of e:xplos :l.ve, tho a:r•oa of opera.t:l.on, the ti.ming o:f.' operat:tons, 

H.nd the pl"ov:ts lon of' equ:l.p:m.c·mt for• f:tsh det('Jct1.on and commun:t-

cat:t.ons. 

In 1962, thls Br•a.nch wac1 :i.nvolved w:l. th the planning 

of fish-protective measures for a major survey of approxi-

mately 11 million aoros of Continental shelf off the west 

coast of Vancouvor Isln.nd, Quoen C:harlotte Sound 9 and Hecate 

St:r.a1. t, which wlll be undeJ:>taken in 1963. 

As a result of negotiations with the B. a. Forest 

Serv:ico in 1959, a l:ta.:J.son was er3ta.bltr.ihed whc::n•eby thls Depa1"t·-

men.t ls afforded an opportun:t t,y to ln:::ert fish-pr•oteetion 

clauses, as l'"'equ:tred, 1nto T:bnber ,Sale Licenses and annua1 

c1.:tttlng pa rmi ts for• sus ta:i. nc:id-y:i.eld 'J.1rEHl JJ1ax•m L:t.censefJ 1n tho 

Vancouver Pores t D:ls trio t. 'l111ese p1•oteo t:l.on clauses, wh:i.ch 

are enforced by the B. O. 1'1o:t>es t ,::Jervlce, l"elate> only to those 

aspects associated directly with the logglng pl''act:lce and they 

do not provide protection against activities such as log

booming or log-driving whlch take plaee w:i.thin the stream 

channel. 
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A comparable system to thr-J.t clesc:r:i.bec1 _ln the 

forego:tng has beE-m 1.n opera ti on for seve:r•al yEHll"' s in the 

P:t'inCt:) Hupert Forf)St D:i.striot, wher•e c'1.ll pr•oce£rning is 

conducted by the cUstr1 ct staff's of this Department and the 

B. C. F'ores t Se1"v:1. ce. 1'he corn.btr.wd protection of.:f:'ered 1. n 

these two mEJ.jo:r f'o1~est d:!.striots covE~rs thi.:i entire coasbal 

area of the Province. 

Du:i:•:i.ng 1961, the B. C. li1ore~1 t 13erv:i.ce announoed 

plans for the deveJ.oprnc-n:1t of a "Publlc Working C)l:r.cle" 1.n 

the Owi~eno Lake watershed. This, in effect, means that the 

logging operations in that area will be subject to a sustained 

yield basis but that the ha.rvEis·t:;able tim.ber w:t11 be sold :tn 

re1a.t1vely small packages. Since the Owikeno wat(-:irr:3hed 

supports substantial populations of all five species of 

Paoi:f.'ic Salmon., the :most impo:r.tan·t bei:'Lng the :?Joc'.keye salmon 

which prov:l.de s t~he oomm.ercia.1 fishery with an a:11crage annual 

catch of one million, all possible p:r•ecanttons have been 

ta.ken to ensure that the salmon resource :ts protected agai.nst 

damage resu.l ting from the 1ogging ope1•at:i.. ons. To this end a 

report wh::!.ch describes the value of the system to the 

fishery, the distribut:tcm and life h:i.stox>y o.f thE~ various 

species, and the problems associat<:-)d with logging has been 

prepared and forwarded to the B. c. Forest Service to serve 

as a gulde in the development of tho system as a. "Public 

Working Circle 11 • Furthor:more, a. series of meetings with 

individual operators has been conducted, and further 
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diaou.sslonEi with both the ForeE1t Service and the indiv5.dua.1 

opera tors are con temp la. ted before th<:-; loge;lng plans are 

finalized. A matter of immediate concern, however, is a 

proposal which oontf:implr~.tes the use o.f the ~:'Tannook River to 

convey logs from Owikeno Lake to tidewater. 

In 1962, a series of meetings were held with 

Hayon:ter (Cani::tda) JJtd. whloh l"esul ted in tho development of 

a mutually a.ccepta.ble soJution to a conflict of interests 

stemming from log-driving operati.ons on the Homa.thko River. 

Durlng the year, a.lso, there wa.s a cons iderab1e exchange of 

oorrespondenco with a number of' 1ogg:1ng oompa.n:l.es look:tng to 

the development of solut1.onr:1 to speciflc problems on a. 

numbe:i:• of systems includinr:, the Nass, Nadina., Naden 9 and 

Chuokwalla H:tvers. 

l ~ 5 . 3 YI. a t:..E:?I:_"rl :i. ~-~E:9.~_.1\P]?_~~t c 13. ~2:.9~-

Al 1 water-use projects in B1..,itish Oolumbla, from 

the largest hydroelectric development to the sma.llE:ist 

domerJtic wa.te:r:• supply, must be autb.or•ized by a. wate1• licence 

lssued by the Prov:tno:i.al Comptroller of Water Hights. 

Havlng regard to the f :Lsherie[~ problems posed by some of 

these types of pro;Jects th:i.s Branch has establi.shed a 

.liaison with the Prov::i .. nc:tal a.uthor.•lties whereby lt :ts g:t.ven 

the oppo1"tuni.ty to rev:le)W all water licence a.ppllca.tions 

before the licences are issued~ and in th:ts way it i.s 

possible to fox•esta.11 many of the fisheries problems wh:toh 

might otherwise be expected to develop. 



Dm:>ing 1962, approxima te1y 1, 000 of the~rn applic a, ... 

tions were examined for possible harmfu1 effects to the 

fishe:r:tesj and wh:i.le most of these were app:r.•oved outright, 

some we1"e made subJ0lct to certaln p:t•ov:l .. sos which were 

inserted to protect the fisheries interests 9 and a few were 

opposed uncond:i.tionall~r on the grounds that thc?y would not, 

under• a.ny cit•cum1:1tances, be compatibl0:i w:i.th the f:t~1heries 

:! .. nte:r.ests, Thes(:.J p:rov·isiona.1 clau13es usually requJ.red that 

the wa.te:r.• intakes be adequs.tely screened to prevent entr7 

of' sma1J. ftsh~ but :!.n a few ln~~ta.nces, notably :tn connect:lon 

wi ·th place:r• .. m:tni:n.g or gravel removal from stream beds, ·they 

restricted the overa.tions to those p€~:t>lods when f5.sheries 

lasses would be mln:i.mal o:t• non-e.xi s tent. 

S(:iver•aJ. a.ppllcations, :lnvolv:lng l1R1•ge-scale 

di versions of wa.ter, resulted ln detailed studies and negot1.~ 

at:lons with the owners looking to the development of suitable 

screerdng :tnstallatdons 0 The more t:m:portant of these were 

the wate:r.1 supply .inta.kes foJ:> the Villag<:i of North Ka.mloops 

on the North '.rhompson R1ver>, the No:rand~\ Mines Dr:'Jvelopment 

on the 1roqua.rt Rlver, and th1'1ee pulp mlll e.xpans:tons :tnvolv·~ 

ing the Sproat, Campbell, and Nana.:Lmo rlve:r• syBtems. 

Many of th(3 appl:t.cat:t.ons imrol ved small d:t vers:tons 

for domestic and :l.rrigation purposes. In these cases, the 

applicants were provided w:t th the Branch' B standard soreen:i.ng 

specif:tca.tionsjl from wh:Lch they could develop a. design to 

suit the:tr particular intakes. 
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An :lnspect:lon of water divcn~sions 1n thE) Ka.mloopEl 

area was made wi. tb. a. v:tew to c oll<:Jc t:tng :Lnformat:t on on which 

the development of a standard sc:r•een de[··d.gn, adaptable to 

a.11 small pump intakc:is v ccm.ld be ba.~rnd. 

At the rE.~quest of the Prov:i.nc:l.al Wa tex• Rights 

Bra.nch, whlch was p:r.•epar-ing a report on flood. control 

measures f'or the Coqui tlf..m1 H:l.ver ~ th:ls B:i:•ar1ch prepared and 

submitted a brief outlining relevant details with respect 

to protection of the salmon stocks ut:tl:tz:tng this i 1 iver 

system.. 

l . 5 • tr. .!: 1 ~.E.:J'1i ~1E£_~~e !'.t,.~~-~. 

All placer-m:tnlng opEn•ationt~ ln Brit:tsh ColumM.e. 

must be authorized by a pE:n>mit issued by the Chief Gold 

Commlssione1~ for the Province, who, thr•ough a 1ia:tson whl ch 

has been (:rntablfa:ihed, advises th:L1s Branch o:f' all suoh 

applications in order th.at rc-icomrnenda t:tons f'or flsheries 

protection can be defined before the l:i.cences are issued. 

Heoommendations :ln thls r<?gar•d have been 1Jubseqm:mtly incor

porated into the Provine ia.l pr::lr:mi t. 

In 1962, appro:idmat~)ly 80 such applications were 

reviewed by this Br•anch and whl.le most were of the rout:tne 

type, one 9 in.vol ving an applicat:ton for 26 leases on the 

Bridgo River system, :ts wor"bhy of particular note. On the 

basis of :i:•esul ts from an investigation by this Branch, the 

Protection B1~a.nch 9 and the Interrna tlona1 Paci fie Salmon 

Fisheries Commisslon, the Department objected to the issuance 
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of the requested licences on the grounds that the proposed 

opera.tlomi would des troy the spmming ground El of important 

stocks of ohinook and pink salmon, and steelhead trout. 

When thir~ ob;jection was upheld by tho Chief Gold Commissioner, 

the applica.nt~i appealed to the M:i.nister• of Mines and Petrole-

um. Hosources, who convened. a heartng into the ontJ.re matter. 

This Branch s.nd the Salmon Gommis s:ton collaborated 

· in the preparation of a joint brief outlining the basis for 

their objections, and this subsequently was presented to tho 

Min:tster at thfl Hearing. Whlle there is no doubt that th:ts 

bi•ief was a factor in the Hlnisteris ultimate denial of the 

applicants' appeal, his declslon appar~mtly stemmed p:t."':bnari1y 

from the content:ton of tho local Indian band and tho Indian 

Affairs Bl:>e.nch tha. t the bed of the Br:l.dge TU v·er in the a1"ea 

in question was par~ of the Indian Reserve, and was therefore 

not available to ~1e applicants. 

Rega.rdles s of the bas:i. s fo~ th:1.s dee is :ton, the 

Department and the Salmon Oommis·s:ton were extremely plea.sed 

with the decision itself, as :t t was fo:r•eseen that i ssua.nce 

of the requested licences in thls instance would have 

resulted ln a much greater thrE:H"-t to the f.i.sheries interests 

elsewhere as a result pf placer-lease applications being 

filed in future for rights on river beds wh:tch had previ

ously been regarded as Indian reserves. 



2. J. S1.rHmAM I'.MPHOVF.MimT 

Hesea.rch undortaken in recent year~J at ,Jones Crec-:ik 

and elsewhere has provided evidence that elimination of 

floodi:i 9 wt th their attt':lnda.n t sh:lft:i.ng o.t' gr•avel bed13, and 

th(~ grading of r:ipa.wning gravel to acbJ.evt.1 greater po:r~osity ~ 

will result in a su.bs tan t:l.al inc1:-iea.trn :l.n the egg·· to-fry 

sux•v:i.va:~ :t~ate of' ~H.tlmon. On the ba~d.13 of trt<')Se results~ lt 

was concluded tba 1:; en1p1oyment of trH:.ise prlnciples on a.n 

ent;i.re river r1ystem could be ;jur~tJ..f.iBd by the :l.ncreased 

salmon productlon whlch would be reflect;ed J.n the catch of 

the fLshe:t'Y· After a ca:r•e.f'ul study of seVE3ral alternatives 

the B::l.g Q,ua.licum Rlvel"' on the east coast of Vt;i.ncouver• Island 

was selected in 1958 as the most su:ttable fdt;e. W:i.th the 

Department's 001'.1cu:P:r•Emce, deta:lled stud:les, looking to the 

preparation of the dc1velopment plans, werfJ in:L tlated 

immedlately. 

i:l1he lower B:tg Qua.licum Hi ver (see accompanying 

plan) orlg:!.rrn.tes :!.n Horne La.Jee from whence it falls approx:i.

ma. tely 190 :feet in the first .3/11. of a mlJ.e bofore 

es tablish1ng its no:rmal gradient whlch :Ls malntaJ.ned for 

the remainLng seven m:tles to its mouth on the Stra:t t of 

Georgla, · .39 m:tles no1:•th of the city of Nanaimo. Hunt vs 

Creek, wh:tch flows into the Q,ua.licum about halfway between 

the lake a.nd the sea. i~~ 1.ts only ma,jor- tributary :!.n th:ts 
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lo-wer reach. 

Twelve years of available records reveal that the 

mean annua.1 discharge of the Big Qualicum FUver is 2R6 cfs, 

with a maximum of 7,080 cfs and a minimum of 1:) cfs. Hunt's 

Creek records show that J. ts discharge has varied from 5 cfs 

to an estimated 2,500 ofs. 

The detailed studies under•ta.ken by ·this Branch 

revealed that it would be phys1.oal ly and eoonomica.J. ly 

feasible to regulate the flows in the lower seven miles of 
' 

ava.:!.lable spawnlng area by prov:i.d:i.ng 200 cfs from August 1 

to December 15!1 and 200 .... 500 ofs during the balance of the 

yea.:r.. It was foreseen~ however, that the flow in the period. 

after December 1.5 m:i.ght have to be :ra.:lsed to 750 ofs for 

short periods during an extreme flood, and, conversely, that 

it might be neoessa:ry to reduce this :t.'low to as low a.a 

150 ofs in order to replenish stoi-•a.ge during a. drought~ 

Plans and speolf'i cations i'or the pl"'o ;Ject were 

completed in 1960 and tenders were called in March, 1961. 

The cont:t•aot wa.s subsequently awarded to General Construction 

Co. Ltd. , of Vancouver, whose tenc'ler of a.pp:r.oxlma tely 

$900 9 000 was the lowest of elght which were received. The 

Department su.µplied the valves, sheet p:t11.ng 9 eleotr:i.ca.1 

equipment, etc. at a cost of a.bout $12.rJ,OOO, and property 

acquisition and engine01•ing costs a.mounted to approximately 

*200 9 000, so the total cost of the project w.111 be in the 

order of $1,250,000. 
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1rhe cont:r;ac tor oorrn11enc ed work :1. n May 9 1961, and 

with the exception of the de.rr1 a.t the outlet of Horne Lake 

and the high-level intake channel to the gate shaft, the 

oohtraot wus completed on December 15, 1962. These 

s t:rtto tu.res had to be deferred in September when an unfore

seeable problem developed in ootmeot:l.on w:t th the B. a~ 

Uyd:t10 and Power AU.tho:rJ. ty transnn:l.ss1.on Ltne at the upper 

end o:C Ho:t'ne Lake. These ihoamplatec\ works are ache dulad 

for oomplet:ton next sutnme1" when it is expected that the 

ppobl'ams associated with the transmission line will have 

beem tiesioltl'ed. 

The outJ.et oont:t'ol wo.:t1ks {see aooompanying plan) 

for .t>egula ting Ho:rini~ Lake outflows oans:ts t of a a one re ta .. 

l:l.ned ve:1;1tioal gate aha.ft, 98 feet deep, which has thl:'ee 

!!H:>pa.ra te in takes f11otn the laJ{s J a gate house on top a.t' the 

Sha.rt far the mf.tn:tpula t:t on of the three in take gates and the 

rnalh tunnel hea.dgate l a. seven .. .f'oot inside die.me·be!' oono~ete

lined ho:t'seshoe .. shaped tunnel, appro:xima.tely 1, 700 feet 

long, extending f:rom the base o.f the gate· shaft, about 

75 feet be low the normal level of the lake; dawns tream to 

near the hea.d of the spawning g:roundsJ a control works at 

the tunnel ou·tlet; and a.n ea:ritJ:1 .. fill da.m arid oor10rete 

spillway near the ou tle·b of Ho:t'ne T.Aalrn (not yet a omplete). 

The hlgh ... level :tn·tnke, when oompletad, will be an 

opan ... out channel While the law ... and inte:rtnediate ... level 

inte.lte s are seven. ... foo t d:tame ter canorete-l:tned tunnels. 
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The low-level intake is fitted with a seven-foot diameter 

woodatave pipe, wh1.ch extends downward along ·bhe lake 

bottom for a dis ta.no e of 90 feet, in order tha. t water o an 

be drawn from ahcn:i.t 20 fee.t below the actual low ... level 

:tnve:r.t, some 85 feet below the no:t'ma.l lake level. The high

le\rel 1.nts.ke will draw wa.'ber tro:tn new the stirfa.oe~ A 

mu1:bi ... J.evel intake is essentie.1 for the ma:tntena.noe of the 

des:t:1.1ed deg:J:il!!le of' tempere:buN3 oont!lol in the :tii ve:r. 

The ea!lth ... fi1l datrJ. 1 w:t th e. o:riest elev a tton 28 f.E-HJt 

' 
ab ova the normal water su:t'f aoe of t!orne Lake~ al.lows fox• 

l:noN:iS.sed lake levels as ia. :means to provide suffioiem·b 

storage for flood oont:tial. A spU.lwa:y channel with a 

oq:noriete oont:r1ol weir app!lox:tma.tely 20 f'efJt above the norrr:i.al 

. lake level ha.s been oa:nstruotc~d nea..:r the left ab'Utmt-nit of 

the dam fo:r emerigenoy use :l.n the event that an extr)i:Hnely 

heavy :riuti.off ·ohve ~tens to ovs1"top ·the darn. It ie extremely 

u11J.ikely, however. 9 that an spillage over the c:!:'EH.di wi 11 

eve:r occu:r. 

Wl th these works, a, tmtal storage oapaol ty of 

142,000 aa:re~fset 1a available, of whioh 75 peroent will be 

obtained from bEJlow the natural ~take level. About one-th:i.rd 

of ·the tota.1 'stot•age will be used to augment normal low 

flows P wh:Ue the :i:~ema:tnder w:t.ll be employed far flood 

oant:t1al. '.fl'iu:r'bhe:1'.1mo:tJe p employment of the low .. level :tnta.ke 

during the otii ttoal late ammne:1:1 1:md early fa.11, when natural 

wu tel' tempera tu:J?es o :rt en rise to 68 °F and endangi:n• s pa.wning; .. 
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can lower these temperatures, 

A low dam has br:H:in constructed on Huntis Creek 

approximately one-third of a mile upstream from the Big 

Qual:lcum confluence in o:r.•der to dl vert flash floodE~ wb.1. ch 

otherwise could inte:d'e11 e w:t th the controlled flows from 

Horne Lak~'. Th:ts darn is equlpp(1d with a .36-inch diameter· 

oulver.•t and a x•egulating p;ate through which water may bt!) 

passed fUJ :r.equ.ired to thE-) spawning area :tn Hun tis Creek 

below the dam. The culvert normally will be set to pass 

all flows of' less than 20 cfs, but it can be a.d,)usted to 

pass as much as 50 ofs. All .flows in exce~is of those noted 

above w11l be d1.ve:rted from thfll creek :Lnto a speo1.a11:y 

oonst:r.uoted flood channel 9 appr•oximately 213 miles long, 

which parallels the.; Big Qua1loum along 1 ts north bank to a 

point near tidewater where it jolns the ma:ln :r.:i.veP. To 

prevent fish from ente1'"'ing the flood channel, a cone rete 

drop structure and barrier dam, about five feet hlgh, was 

cons true ted in the flood channel at :l. ts confl U(?nce with the 

Big Qualioum Rivei.~. r.rhe flood c1:11:mnel has a trapezoldal 

cross-section, 20 feet wide ~t the base with 2.25:1 side 

slopes, a minimum depth of 12 feet and an overall ve1"tloal 

drop of 92 feet thr.•oughout :t.ts length. A low ear•th-flll 

dyke, 15 feet w:l.de at the top 9 separates the flood channel 

from the Blg Qua.licu.m Rlver and doubles as an access road 

for ma.intenanoe and for future development work on the river. 

The first, or flow-control phase of the project 
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will be func t:i.ona.l when the dam and high-level intake 

channel a.re completed. Prepara.t:i.ons a re now underway for 

the second phase, wM.ch :r.1 elates to the :i.mp:rovement of the 

spawning gravel in the s trea.m and the oonstr•uc t:t on of 

a.1"tif:l.cia.l spawn:i.ng channels. ~:h:i.s pha.se w:i.11 be continu

ing over a. period of yeax•s in the future. 

2 • l • 2 ~1!'1.Jl:~;.Y~~~ 

gmbJ.ey Hi ver whio h flows in to Eltn.bley t,agoon in 

Grapplev sound approximately 32 miles no~theast of Port 

Ha.:l:'dy, is one of two s treruns that d:rain Hua skin !iake. rt 

suppo:r·bs an even ... year run of 58 000 .. 10,000 pink salmon, but 

in J:•eoent years the coho population has been estimated at 

less than !)OO fish .. 

In 1952, lt was first r~ported that two falls near 

the mouth of the stream cons·tituted an obstruction to salmon 

migration. These reports 1nd:lca..te d that the more serious 

obstruotlon was that at the lower falls where the s·trerun ls 

confined to a nar:t•ow chute which forms a velocity barrier 

at high discharges. The hazards associated with this 

obstruction were evident in 1952 when it was estimated that 

.30 pe:t>CH'm.t o.f the pink s a.1mon spawned in the tidal wa. ters 

below the falls, and again in l.960 when it was :reported tha.t 

a :ma,jor port:lon o:f the estimated .cJ,000-10,000 pink salmon 

were lost because they were unable to surmount the falls. 

As a result of a preliminary engineering survey 

undertaken in. 1958P it was recommended that rem.edia.l work 



be, ini tia.ted to asslst the mi.gra ti on of salmon at these 

falls. Planning along this llne wa::J deferred, however, 

pencUng the ou toome of a b:t.olog:l.cl:'tl survey of' the :river 

above the obst:r.uctlon. r:t1hir:l survey which was conducted tn 

1961, indloated the:t there was sufficient spawning ground(·J 

above the falls to warrant some improvement measures and 

studieis were thex•efor<:1 :tnitia.ted to determine the most 

economical means by which th:l.s could be donr:). 

Thea e s tudiErn r•e s11lt<~d :l.n tho p:x•0)pa:r•a t:l.on of a 

prelirninai-'ly la.you t for• an 18 ... baffle (Ice Harbour-t·ype) 

f:i.shwe.y, the cost of wh:tch was estimated to be in the order 

of i;.50, 000. As this st:r•uc tu re o ould not be placed in 

service in time to assist the 1962 pink salmon migration, 

some marg:i.nal rock work was undertaken that year at both 

falls. As it was reported that this work appeared to have 

eased the obstruction, constr•uct:i.on of a fishway has been 

deferred pendlng a full assessment of the eff(:3Ctlveness of 

1;his marginal rock work:. 

2 .1 • 3 gu~~.~.?_J} j_ v~~! 

Quatse FUver, .frorn lts source in C~,uatse Lake, 

flows a dist~nce o.f approximately seven miles before 

disoharging into Ha:t>dy Bay, noa.11 the town of Port Hardy·, on 

the east coast of. Vancouver Island. Two natural falls, 

which are known as Fmu,,-m:tle and Six·~mi.le Pa.11.s becaus~'3 of 

their respective dlstano~rn from th(~ r:t.ver mouth, constitute 

an obstruction to migrating salmon. 
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Historically, Four-mile Falls has been an obstruc

tion to sookeye and pin}:: salmon during only those periods 

when flows were at low or mecli um levels 9 and it was not 

cons.:ldered seriouso In the 191.1.0ts, howeve1~$ this water•shed 

was subjected to extensive logging operations and the 

:r.esu.l.ta.nt denud:!.ng of the terrain so altered the runoff 

pa:'l:;ter:ns of the river the. t the periods of low ... to me di um 

!'low wel:"e extended subs tant:i.al.ly w:t th the result that salmon 

w0:r;;e blocked at the falls more frequently. In 1.960, a :rive ... 

baffle (Ice Harbour-type) f.ishwa.y was constructed by this 

:a11snch on the left bank in order to ease this s:I. tuation. 

When salmon experienced difficulty in ascending 

th:t'oupJ'l a culvert constructed by the Highways Departm.ent bc1low 

Six ..... :mile Falls, the Province, a.t the request of' this Branch,, 

constructed a oonc~rete ba.ff'le below t11.e culvert to faoilltate 

passage a.t low-to-average flows. Th1s work was undertaken 

in 1960, but it has not proven to be as effective as was 

expeo ted beo au.se of serious maintenance problems. 

In 1962, marginal rook work was undertaken at 

S:tx ... mila Palls to fa.a :Ui tate s almo:n mi gr a ti on during the 

low and :medimn water levels. This work appa.ren t1y has proved 

successful as pink salmon we1"e observed spa:wnlng :tn the river 

above the fall. s. 

2.1.4 Meziadin River 
... _-- .... :_-·-1a,-.. _-.~--

Maziadin River, which discharges into the Nass· 

River approximately 11,') miles above tidewater, is an 



impor•ta.nt con tri but or to the val ua.ble NH.s s ru ver i:iockeye 

fishery. Two falls on the Mez.iadln Hi vc:)r, immediately 

upstream from the Nass con:f1uence JI b.ave long been known as 

obstructions to salmon migraticm, and in 1913 this Depart~ 

ment c.onstruoted a wei:r•-type fishway at tho upper falls. 

Th:L s s tr•uc ture was eompoEi ed almost en ti rely of loca.l 

materials because of the relative isolation of the site, 

which made access oxtnnneJ.y difficult. l1:ven to-day, the 

Mez:la.cUn area. :i. s con13 idered remote al though 11 new Provincial 

highway, now under conr:itructlon~ wi.11 pass wi.thin a few 

miles of the obstruction. 

Commencing in J. 956, thls Branch undertook de ta D.od 

b:lologlcal and eng:lneeri.ng ~mrveys of the Mez:l.ad:l.n obst1~uc-· 

ti on looking to the determina t:Lon of' the t~pawning escapement~ 

the duration of tb e delay[~, tlio m.agn:i. tuc'l0 o.f the 1oss es, and 

to obtain bas:l<" data from ·which dc-)tr.dJ.ed nlans of remedia.1 

measures could be aeveloped. 

':l1he biologi.cal surveys determined that the Mez:l .. adi n 

sockeye escapement represented 39 percent of the Nass River 

total in 1957, and 31 pe:rcent :l.n 19.58. FurthE~rmore, it was 

found trw.t an average delay of sevrrn. days and losses of 

38 percent o~curred at the falls in 1957 when water levels 

were low; whD.e in 1958, Wh<'m water levels were relatively 

high, the average peri. od of delay was .four days and the 

losses represented four percent of the total migratio~. 

On the basis of data obtained by the engineering 
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SUJ;'veys undertaken ln the period 195c.1-6l 9 pPeJ.:i.i:n:l.n.ary plans 

for a new fishway at thls site havo now been prepared. 

Th:Ls structure, which hs.s been des:LgnE::icl as a. V(:?rtical-slot 

type, will consist of 17 pools eight feet wide by 10 feet 

long at the lower falls, 13 pools of the l:H1me dimeru3'.lon at 

·the upper falls, and the two sec t:t ons w:i.11 be rn.adE.~ contin

uous by f'::l.ve .tnterconnec t:l.ng pools, E.)HCh approxlrn.a tely 75 feet 

long. It is intended that the flshwa.y will be equipped with 

an a.ux11:1. a:ry ex:l .. t to f ac:Ll:l. tate taggtng, recovery P enumer1f.'I. ti on, 

eto. A barrler dam, oomd.st:lng of a re:lnfor•ced concrete W(:iir 

will be erected at th~ lower falls to direct fish to the 

fishway (mtrarwe on t;he left bank. 

The cost of constr~cting these facilities would be 

prohi bl t:l ve if it i:rrnre not for tho fact that the · :Pr•ovi nee is 

construct:tng a new h:tghway whJoh w:lll be located nEH1r• en.ough 

to the site to justify the construction of an access road. 

A std. table route ha~i been located and :l t ha.s been 1ietermin.ed 

that a single ... J.ane access :road, ten m:t1es long w:!.th turnouts 

at half-mile intervals will be economic. tt is also intended 

trw.t a section of thr:~ road nea1" the fishway slte w111 be 

constructed a£1 a 1ancUng st:i:•lp for 11.ght ah•craft. 

While definite dates for construction of these 

facil:lti(·rn have not yet been esta.bl:tshEid.9 it ls e:xpeot;ed 

that they w:tl1 be oompleted w:Lthin a fc~w yea.rs. The most 

favourf.tble schedule :Pequires that the access road be 



cons true ted :tn the sprtng and surnxner 9 wl th tho _f:tshwa.y 

cons true t:i.on in the fall and w:tn ter• whEm water levels are 

J.owost and :lnter.feJ'.'EmcEJ with f:tsh m'i.grnt:l.one! can be held to 

a m:tnlmum. 

2.l •. 5 Stamp Palls I11 fohways - .. -., ........... ,,.. . ..,.~, .. -.. *"'-~--..... _,_...,,..~.-

The St;a.mp F'allr3 f:tshways, wh:i.eh were completed ln 

19~5.5 at an approximate cos·b of *125,000, facilitate passage 

o:f valuable stocks of sockeyejl coho 9 and spr:tng salmon and 

steE>lhe.a.d trou.t at Sta.mp F1a.11s, a nafa.t:ral cata.raot on the 

Stamp Hlve:r. some nine m:1.1es :northwest of the city of AlbE-nmL 

More rc:'lcently, tb.EHJe structures have be<:m used also by the 

adults retu:r.:n:l.ng to RobEn~tson Creek from the pink salmon 

tra.ns p 1 an ts • 

Shortly after the f:l. shways came into opera t:ton, i. t 

became evident tha.1:; tho upper fi::Jhwa:y had some hydraul:l.c 

shortcom:l.ngs ln that the attra.ctj.ve qual:l.tieF..! at lts entrance 

at moderately high and high r:tver discharges were not as 

good a.s expected. ~f.'his fishwa.y ls of the vertlca.1-slot type 

with 25 baffles, ea.ch of wh:i.ch provides for a ma.xi mum drop 

of one foot. At min:i.mum river discharge a.11 ba.ffl EH1 are :1.n 

full service but as the river discharge increases, the water 

level at the f:l.shwa:y entranee risNi a.t 2-3 times the rate 

of that at the fishwa;y- exlt, pr•oduc:i.ng t;hE} net effect of 

reducing the total fall through the str·ucture. As a result, 

the lower baffles are "drowned out" at the highe:r> river 

discharges and the flows issu:i.ng ther•ef:rom are sometimes 



-88·· 

barely noticeable, providing little attraction for fish to 

'enter. 

While water levels to date have~ not been such that 

serious delays have been encountered as a result of this 

de fie ienc~y 9 it is poss :l.ble that such :m:i.ght occur at any time. 

As a :result~ thi.s Brt-mch undertook a study of the s1 tuaticm 

:tn 1962 and tlds has resulted in the advaneement of e. 

propo~1a,l whereby a.u.x:tliary water would be diverted from the 

r:tve:r by :means of' a channel from whence it would be intro

duced through i'loor ... type diff'users into the are a of the 

fi shway ent:rar1ce. As :i. t is bel:teved thi:1 t th:t s will be the 

cheapest and most effective of the several e1ternatives 

oons:ldered, funds to cover• the costs of construcd;lng sarne 

:tn the 1963 ... 6/.1. fiscal year have been requet:1ted. 

2.2 r.rHE ROBE:RTSON CHE:141K SPAWNING CHANNEL & APPUH'I1BNAWl1 FACILITIES _ ...... ~--........ ._ .............. _..,., ........... - . .,.,--...,..,,,-~-...···~----"~""""~'"'_ .......... -...-. ... ---... - .................... ~""--... -,.-·--, ............................ ~ ........................................ -~ .... , .. _,,, ................ ~ ...... "'~"""'"-~~· 

Gree. t Oen t:r.a.l Lake~ wh:i.ch :ts located nea.J:> the c:I. ty of 

Alberni on the west coast of Vancouver Island, has two 

outlets - the primary one being the Stamp R:l.ve1~, wh:tch flows 

int;o the Somass H:tver and thence lnto Albernl Inlet; and 

Hobertson ON~ek, a secondary outlet which d.:i.scharc;es :into 

the Stamp H:tver approx1.matJely one rn:l.le downstream from the 

lake. 

The purpor:rn of th~) Hobertson Creek project is twofold: 

firstly, it provides su:t. table .fa.cl li t:les for the inve stiga, ... 

tion of fish cul tu.re techniques aimed a.t incr•ea.sing the 



pr,oductjlon of pink~ coho, and ch:lnook salmon during the 

f:reshwater1 stage of their 15.fe C','fOle and 1rncondly~ it is 

intended to 1.n.crease the p:roduc ti.on of salmon species in 

Hober·t~wn Creek. rr:he project wlll also provide the locale 

for the study of .f:tsher:tes problems posed by hydroelectric 

power cl.ewelopments » pa:i:•t:i.cula.rly those as soc:l.a ted wt th the 

rea.r:tng re(iuirements of coho and ch:lnook salmon, and bhe 

successful relocation of these sru:nc::i species to artif:toial 

spaw:r.ling a.x•e as • 

While the major portion of the Robertson Creek 

construction took place during 1959 and 1960, the work was 

sufflciently advanced :!.n the fall of 1959 to allow the 

com:mencemen t of a. biologic al p1"ogram. The off:i.oi.a.1 opening 

of the project; by the Hon. ~r. Angus MacLean~ Min:lst,:n• of 

F1:tsheries ~ on November 1.1., 1960 marked the completion of the 

ma .jor fa.cll-t t:I es~ alth.ough the experimental i.,e ~1ring cha.nne ls 

were not :f'inis hc~d unt:t l 1961, and :minor impt•ovements have 

since been made to the overall facilities. 

A br:i.ef descr:l.ptlon of the :l.nd:tvldual facilities wh:l.oh 

had been constr'l.l(.1ted up to t;he end of 1961 is set out 
• 

hereunder. 

(1) A spawning channol, oonsistir1g of three cUs6rete 

sect:tons of va:r•ying lengths and un:tform cross

sect:ton, crea.tes 10 9 000 square yards of spawnlng 

area in a tota.1 length of 2,5.50 feet. The spawnlng 

gr•avel 9 which is la:t.d to a depth of 15-20 lnches, is 
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of a designed composition ranging in size between 

3/h inch and four :1.nche s . 

. (2) Four drop structur•es, wblcb. create Wtlter surface 

drops :ranging from 3 to 8l feet, have been 

cons true ted at :tntervaJ.s along the channel in 

order to J.ocal:tze the excess drop .ln the natu1"al 

creek e;radlen.t. 1I111ese s true tur•es also separate the 

threE:) 'rncti.ons of the t~pawning channel and allow 

f'or some :lnd:t.vidual hydraul1c c. ontrol :1.n ea.ch. 

( 3) Control works :l.ns talled by this Bra.nob. in MacMillan; 

Bloedel, Rnd Powell R1.ver L:l.mi ted' s d~u.n at the 

Robertson Cr.eek outlet from G1:>EH1. t C ent:t•al Lake are 

capable of rE~gul a.ting the chanm~l d1. scha.rge to any 

desired magn:t tudo up to 250 cf's. 

(14.) A screening system lnstaJJ.ed r:1t the upstream. end of 

the channel d:tverts f:i.sh Emtering from GJ:>eat ·central 

Lake into a 30-inch diameter wood.stave flume which 

prov:i .. des the rnea.ns for• them to continue downst;reron 

without disrupting channel studies. 

(.5) The f i shway :ln drop s true tu re no • I.~, a. t the down

stream <"'>nd of the fac:tlit:i.es, connects with a 

hold:tng-b:ra.iling pool. fro1n wh:t.ch fish can be 

Iteadily transferred to spt:icial holdlng pools, or 

to an elec tr.•ioe.J.. Iy-op(:n•ated loading hopper. A 

700-ga.llon tank truck :ts ava.1.la.ble to transport 

t11a.pped fish to di sore te areas w.:t thln the channel. 
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( 6) A 1.50- by 2L1.0-foot }".llot adj aoent to the F~pawn:lng 

channel has been set aslde for studies of the 

1"'l~t::u:>ing requirements of juvenile coho :Ln the 1.r 

pre-m:lg:r.atory i3tage. 1I1his area was des1gnecl to 

have eight parallel sub-ohe.nnels, each 10 feet w:tde 

by 210 fef.d; long, havlng :lnd:i.vidual d:lsoharges of 

5 ofs, Isolation screens are provided at each end 

of' the chanrn~1EJ. 

(7) A flf~hwe:y view:tng r•oom, bu:!.lt into drop structure 

no. )_~, :I. s equipped with w:lnrfows th:r•ough wh:ich it 

:ls poas::i.ble to observe f:.tsh passa.J]/:) at a.11 d~:lpths 

in two pools of the :f.':lshway. Th:l.s i.ns tall a t1.on 

provides an excellent opportunity for assessing the 

ef'fect1.veness of var:tous baffle types. 

(8) A reinforced-con.crotf3 t(::ist flume, mea.sur:i.ng 20 feet 

hy l)O feet wt th a. mln.tmum depth of 6 1 -6i1, was 

erected in the lower reachss of Robertson. Creek to 

prov:i.de a su:t table facD.i ty for ~1 tudle s as soc lated 

with the <.Uve1:>slon of d.ownstrerou migrant salmon. and 

t.rout from power intakes. It is also re;-rn.d:i.ly 

adaptable to numerous other re search P:t'.O jec ts under

takE>n by thls B1~anch and the PishEn•lei3· Hesearch 

Board of Canada. 

(9) An off1ce-r6sidenoe has been constructed at the 

entrance to the project for the use of thB resident 

teohniol an 9 and a f leld ca.mp at the downstream end 
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6f the channel provides living quarters for 

seasonal crews of up to 10 men. A utility building 

which has been cons true ted a.s a. warehouse ... workshop 

in the area ad;Jaoent to the field camp also houses 

a well-equipped biological field laboratory. 

1962 Add1.tions _____ ...... , ___ _ 
Onpital expendi tu:res at Robertson Greek during the 

1962-63 fiscal year amounted ta *6A,ooo. 
The singie temporary e:xpel."imental screen 8: t the 

downs trea.m migrant diversion s truo ture was replaced by two 

permanent inolined .. plane scu•er:ms equipped with an auto:m.a.ti

oal1y•oontroll19d ohe.ln .. drl ven oleanj.ng device which sweeps 

debris from the sareens into trash oolleotion bins. Thia 

ins tali at.ton is designed to handle 300 cfs. 

A second utility building wa.s const!'uoted next to ·the 

present warahouse 9 as it had been found that the. existing 

building was :r.eqti.ired exclusively for a workshop and 

biological la boratm:t1'y. The new building :l.s equipped. with 

a monorail and hoist, wh.ioh also serve an ad,ia.oent storage 

a!'ea to fa.oili ta.ta the storage of' heavy eqttipmen t, ma.oh in es, 

materials, etc. 

Fish batt:rier screens, fabricated of aluminum, were 

installed at all drop structures so that adult salmon could 

be retained .in dlsorete channel e.1"eas. An A-frame fish 

barrier was erected in the #3 (lowermost) spawning channel 

for the same pulr'pos e. 
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An overhead wa:ber-spray system was installed at the 

holding and brailing pool at drop structure no. 4 as a 

means to d:i soou:r.age oe.pti ve f:tsh :f:riom sus ta.ining injuries 

as a result of Jumping. P!'otective netM.ng was. also 

installed to pPevent fish from jumping over the walls of the 

structure. 

Other lmprovementa constructed in the channel and 

adjacent areas are: a new holding pool in the uppermost 

oha.nnel, several timbe:r .. o rib :J:lt:i.mps for ta.n.lt truck e.coes e 

ihto dlso:1:1eta areas~ a.n s.dcH tional 600 feet or 6 ... ±,t high 

fencing to shlald fish in the channel f:tiom t:riaff:lc on ·bhe 

aooess !'oad, and the paving of the first 1!)4.00 feet of 

aooess road. 

In m::td ... 1962, the Robertson Creek <-Jxperimental flume 

was converted into a tempora.ry egg ... inoubation. s tntion to 

faoili-tate the pinli: smJ.mon ·t;ra.nsplant from the Atnti.rko 

River. Troughs o..nd baskets with a oapaoity of over 10 million 

eggs were fabricated ~nd erected within the oonfinea of the 

dews.tared flume. A.11 structures~ including the roof, were 

designed for p1.,efab:tiioatlon ln seotions so that the facili

ties could be lns te.lled, removed, and stored, e.s riequ:lred. 

Elmployment of the experimental fhune struotuN; as an eyeing 

statlon brings it into service on a. yea.r-round basis thro1.:tgh 

its three widely divergent uses. 

The tota.1 oap:t ta.l outlay fo1" the Robertson Creek spawn

ing channel and appurtenant works was t/:i3'70~000. 
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1962 Operations 
-~-·-...---.. --

With the completion oi' the additions under ta.ken in 

1962, the construotion phase of the Hobertson Creek projec·t, 

as now envisaged, is virtually complete, and the biologioal 

program :l.s now f1.11ing out to make full use of the avail

able fac:tli ties. 

Most of the fa.ci 11 ties have been in ope rs. tion for more 

than three yeatts and during this time they have e:xpe.rienoed 

extremely varied flow con.dltions as a result of a number of 

indepenaen·t research and fish cul tura.1 pro .1ec'l:;s which 

required that particular hydraulic condltlons be ma:tnta.ined. 

The works have proven to be extremely adaptable for their 

many uses. Ease of operation and main tenanoe of the fac:ili

ties have also been up to expectations. 

W:t th the exoeptlon of the rou t:tne opera ti on of' the 

facilities to satlsfy the requirements of the biological 

program; the only annual engineering requirements are those 

related to the regrading of the channel bottom prior• to the 

arrival of adult fish in la. te summer, and the armual change

over of physical cond:t tions ih the experimental rearing 

channels. 

Biologioal studies undertaken to date at Robertson 

Creek are described e l.sewhere in th:i.s report. While 

engineering re search studies ha.ve not yet been initiated 

invest:lgation of the surface·- and subsu.rface hydrru.tlics of 

the channel, various methods of gravel clt'Himing,, and related 

engineering research will commence in 1963. 
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2.3 SALMON THANSPLANTS 
-·· f ... ----~-.. --

The Nanika. River rises in Kldprice Lake, approxi

ma.tely 120 miles ea.st of .Pr:l.noe Rupel't 9 from whence it• flows 

in a northerly direction for some 16 miles to its mouth at 

Morice Lake. The upp_er three m:lles of the river constitute 

an e.xoe11ent spawning ground for sockeye salmon, and in fact, 

the Nanik.a Hiverj histo:r.ics.lly, has contributed. about 10 per 

cent of the total sockeye oatoh in the valua.ble Skeena Hiver 

fishevy. 

The route of tlH) spa:w:ning m.igra.tion to the Na.nika. 

follows the Skeen.a R:tver to its eonfluence with the BUlkley; 

then up the Bulkley to the Morice Hlver, whlch it ascends to 

Morloe Lake, from whence it f'ina.lJ.y enters the Nan:l.ko. River 

its elf. Two ma.j or obs true tions located on th1.s migration 

route have been a.llevlated by this Branch. In 1951 fishwa;vs 

wore constructed at Mor:tcetown Pa.lls, and :tn 1959 a rock 

obstruction was removed at Hagwilget Canyon, both of these 

being loo ated on the Bulkley Hi ve11
• 

Du.rlng the period 191~.5-53 the annual sookeye 

escapement to the Ns.n:Um Hi ver varied between 21.1., 000 and 

70~000, with ·an average of 1.~9,500 for the period·. Oornmencing 

in 195~-, however, th:ts run underwent a. serious decli.ne and 

the annual esce.pements recorded since then have been in the 

rapge of 1,000-6;000. 

Rehabilitation by protective regulation in the 
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oo:pune:roia.l fishery, wlth a view to increasing the spawnine; 

escapements to the Na.nlka., proved to be impre.otica.l inasmuch 

as the Nanika sookeye migrate through the Skeena River 

fishery a. t the s a.me time as the e.arly- and middle Babine runs. 

It wa.s oonoluded therefore that the adult escapement could 

be increased only by imprav:i.ng the production of juvsnileSJ 

and a study of the various alternatives culminated with the 

J:laoo:mmenda.tian that the run be rehabilitated through the 

implements.. ti on of e..rt:t f :l.oia.1 prope.gat :ton :me a.sure s utilizing 

a ha to he :ry • 

The Na.nika River rehabilitation prag!'a:m was in:lti

a.ted in 1960 when a new hatchery, constructed on the right 

bank of the Nanika one m:i.1.e ups trEH.un from Morice Lake, was 

brought into pa1•t:la.l opera.t1.on. This ha.tohery 9 wh:toh 

embodies many of the latest fish cultut'al techniques 9 was 

brought into full service for the fiPst time in 1962. A 

brief description of its most significant features is set 

out hereunder. 

( l) m1ec trio al power• to ful.f :!.11 all ha. tohery 

requirements is provided by two 15 kw diesel

driven generators, only one of whi.oh is 

operating at a time P the other belng for 

standby in the event of a. ffi(ichan:to al b:r>emkdown 

of the operating unit. 

(2) The water demands of the hatchery a.re fulfilled 

by e. conventional pt:uup-and ... tank arrangement. 
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Water is drawn directly f'rom the Na.nika River 

by an. electrically ... dri ven pump (max. oapaci ty 

of one cfs); which feeds a 10,000-gallon 

elevated storage tank. Water is delivered 

f~om this tank, as required, by gravity flow. 

The pumps and w11ter lines have been duplicated 

in an attempt to virtually eliminate the 

thretit of losses occurr:tng as a resul·b of 

me oh1:1.t1:l oal $ br other f aJ. lures~ 

(3) The hatchery employs the vertical ... staok 

inoubs.tion prl'.nc.:l..ple in which a series bf 20 

incubation basketa, ea.ch containing from 

10,000-1$,000 sookeye eggs, are stacked one 

above ·the other so that water delivered at the 

top of the stack must circulate through ea.ch 

tray before pas sing to the one underne&1th. The 

advantages of the vertical-stack incubator~ 

a:r:•e olea.r.ily evident :tn the economies they 

effect in water-usage and floor space, as each 

stack requ:tres only four feet of floor space 
• 

and e.. flow of only 3•6 gpm to incubate up to 

JOO t 000 sockeye eggs to the late alev:i.n stage 

The hatchery has been designed for 50 stacks 

of inoub.a tori trays, a.nd full utiliza.M.on of 

these gives it a ca.pa.city between 10- a.nd 15 

million eggs. 
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Eggs for the hatchery a.re flown in from P.ifteen

Mile CreekP a t:r.ibuta1~y of Babine Lake, where they are 

obtained by seining and stripping sockeye on the spawning 

grounds o The en ti r•e transfer opera. ti on 9 from egg ... taking to 

unl.oa.cling at - the ha toberiy » is effected in less than 10 hours~ 

F1ungus growt;h during tbe incubation s ta.ge is 

oont:i:•ol.lad in the hatchery by the twice ... weekl'y appl1.ca.tion 

of Malachite g:rieen at a concentration of 1~200.oOOO foro a. 

period of one hou:r. 1I1h:ts treatment is d:tsoont:tnued when 
' hatching oomrrienoes. ma.oh t:t'!ay of eggs is "pioked" at least 

onoe du:i;iing the eyed-. stage. 

Before yolk absorption :i.s complete the a.levins are 

tJ:lamlf'e:rred from the inouba tion trays to a. 11 f'~y release tank 11 
9 

Which oons ls t~3 of a 14 ... ft d:tame te:r. P 10, OQQ ... gallon woods ta.ve 

ta.r.tk 11 where they a.:re placed in 12 individual pie-shaped pens. 

These pens, which are four1 f'eet deep~ aJ:"e suspended so that 

their screen floors a1"e a.ppr•o:xima tely 3 ~ ... 6 11 below the wate:t:• 

su:rf.aoe in the ·ca.nk. Water delivered at the base of the tank 

wells up gently to the surface and is discha.rged via. 

12 su:rfa.ce outlets which t:'.l.lso se:t"Ve as the .t'ry ex:tts f:rom 

the pens. Water discha:i:1ging from these outlets passes into 

l,, common trough, wh:toh r•ings the outslde of the tank, before 

emptying 1.nto a ptpe leadlng to the river. As the fry :reach 

the migrant stage they are perndtted to leave the tank f:l:'om 

whence they are conveyed to the r•:i. ver by 'Ghe trongh-and .. pipe 

arrangement. Al·bhough fl'•y Pe lease is 11estrio ted to the 
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nig)lt hm:i.rs the tank is completely enclosed in order to 

provide continual darkness. 

Tho 1960-61 hatchery operation was restricted to a 

s:nrnll-scale "p:i..lot plant" :in order to test the equipment and 

operating oohditions during the severe winters. Seve~al 

defects and def:t.ciencles detected thepeby were immediately 

correotedg and the hatchery was then operated at ha.lf

ca.paoity in. 1961 .. 62. Full ca.pa.c::l.ty was ach:l.ev~)d for the 

first tlme in 1962. The fo1lowing tr:i.ble summarizes the 

pertinent det~ils with respect to the hatchery operation to 

date. 

Number oi' Eggs Number of Fry JJercent Survival 
_year _____ He_c e:t ve d ---·--~el e~d . _________ J:":£.g __ ~£ .. P~I ..... -. __ 

1960-61 31.5jOOO ?ti., 000 23.5 

1961 .. 62 5,200,000 3,800,000 ( prel imina.ry 73 
estimate) 

1962-63 11;l1.00,000 

---------------·----~·------·--------·--·-·---·-··--

In orc'l.er to assess the effectiveness of the hatchery 

operation a. long-range program Involving comprehensive studies 

of the juvenile a.nd adult migra.tlons was lni tia.ted in 1961. 

In 1961 and 1962 the sockeye escapement to the 

Bulkley system was enumerated at Morie e town F1a.lls, and that 

portlon which migrated to the Nanika was est.imated on the 

bas:l.s of live- and dead counts on the spawning grounds. 

Subs tan ti al numbers of :mature- and spawned-out eiockeye were 

also observed on. a series of alluvial fans along ten miles 
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of the shore llne near the sou th end of Morice Lake, and 

mature sockeye were taken by nets in the Atna Hiver system; 

but when it proved to be extr·emely dlfficult to obta.:l.n 

accurate estimates of these populat:tons by direct means, an 

indirect approach, which assigned all of the unaccounted-for 

esoe.pement to the Morlee and Atna system, was employed to 

develop the following estirnate of the spawning d:i.st:t•ibution. 

Total Escapement Upper Morice & 
~ ~!-... ----~---··--l~.2£J~5? ... ~-q_~E.: ...... ---···~~-~.!!..:1'.:.~2. ___ ]?~1}_Q:.~iL .... ____ A}na_ 

1961 

1962 

ll.J. ,ooo 

8,500 

),ooo 

3,!)00 

9,000 

4,600 
-~~ .. - ... q,,.,.., ............. _.,_ .. _.,. .... --....--..._._......,... ... _,...........,_,_..._.._. ____ ...... ..__...~-·--·-~..,,.,,_ .... _._. __ , __ ,_ .... _~-·-··-·.._.,_.,....,._, ....................... __.. 

ThEJ sockeye m:tgration at Moricetown },alls continues 

through the rnon the of tl\tly and August vtl th the peak occurring 

about the end of ,July. The pee.k of spm,mlng a.ctlvity in ~the 

Na.nika IU ver occurs 1.n late September, appro.x:bna tely 10-15 

days later than tha. t in 15-MiJ.e C reok, the hatchery donor 

stream. 

The mean fork lengths of female and large rnta.le 

sockeye sampled a.t Morice town Palls rneasu:r.ed 57 .J cm. and 

60.7 om respectively in 1961, and 58.2 cm and 62.1 cm in 

1962. rrhese fall within the r•ange of. the mean lengths 

recorded in the period 191.J.9-61 at the Babine counting fence, 

th:t"ough whlch the 15-Mil.e CJ'.'leek spawn.ing population would 

have passed. 

Studies to determine the age composition of the 
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Bulkley-Morice sockeye stocks were undeI•taken a.t Morie et own 

Palls ih 1961 and 1962 with the following results 9 which are 

expressed as percentages. 

. Ag~------· -No. 
32 q.2 5 . L1'3 5L 63 6 Year s.a~;p]:~~- 2 _1L. .......... --........---·--

1961 211 ).2 1.9 o.5 7L~ .l.1. 17.1 1.0 

1962 219 0.5 6. l.1. 11.0 1~8 l.~8 ot~ 31.1 0.9 
-·------·------ ------

A downstream .. sampling program employing equipment 

which permitted sampling at any po:t.nt in the r:l.ver oross

section was conducted on the Nanika River in the spring of 

1962 :l.n order to measure the fry output from the 1961 spawnlng e 

Pry migration continued throughout the sampling period Ma.y 31 

to July 16 with the peak occu.rr ing on .rune 25. In th:i.s 

connection it is interesting to note that the fey emigration 

from the hatchery release tank coincided closely with that 

from the natural spawning. The mean length of the fry from 

the hatohery was only 23.0 :mm and 26.1 mm in 1961 and 1962 

re spec ti vely, whlle those of the na.tural fry were 27. 7 :mm 

and J0.8 mm. 

The total natural output of sookeye fry from the 

Na.nika River in 1962 ha.s been computed at 8,.,5 million, and 

an additional 3. 8 million were c ohtri 'bu ted ·from the hatchery. 

Wh:tle the native fry were the pro duo t of the largest spawning 

escapement since 1956 the ca.lcula.ted egg ... to ... fry survival rate 

is sufficiently high to give rise to the suspicion that the 
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19,61 escapement was grea.t(::'J!' tha,n previously estimated. 

'!'he Nanika River sockeye fr'"y rear in Morice Lake 

for one or motie years before migrating to sea as smolts. 

In the years 1961 and 1962, the srnol t m:i.g:ra.tion from the 

la.ke hs.s the:t>efore been sampled w:i.th a. view to determining 

its rnagrd tude and timing. The rnigra ti on was in progress 

throughout the period April 28 - ,June 2L~ in each yea.:r• with 

the peak oocurr1.ng be tween May 10 and June 3 in both years. 

Oomputa.tions based .on the smo1 t-samplJng pl"og:r•am revealed 

that the 1961. m1.gr>ation was composed of :)9.5 percent Age 1 

(St.lb 2) fish and l~O.,') percent Age 2 (Sub .3) f1.1:1h, wh:i.le the 

CO!'l:tespanding results in 1962 We:t1e 31.7 and 68.3 peraent 9 

:respectively. The mean welghts and lengths of the samples 

ta.ken in both years a.re set forth. in the following ta.ble. 

Me. __ an T.reng.th .. ·. ,.in mm;_ Mean Weight in Grams 
~ .;;,.. ~·-· -----~--·· ...................... -.... ___ _ 

Y~!--__,,.,-.___1.~!:__l_. ___ ~f!?we._._2_. __ ,.--0£2-1._ ________ f};fil!_.£ 

1961 76. 2 98.6 3 .43 7.39 

75.0 98. l~ .3.72 8.10 

-- ·-·-··---., .. ·-·-----

A tow ... nett:tng program was initia. tea in 1961 to 

:rnea.su:re the relative abundance and d:i.stribution of juvenile 

sookeye it1 Mo:rloe Lake; and during the same yea.r a. llmnalo

gioal study 9 embracing the oolleotion of temperature data., 

saoohi-disc reoordsj and the rela.t:l.ve densities of zooplankton, 

was also initiated. 
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2. 3 .2 .~2-~~Is, _s~aJ.rnon Tra.!l51J?lants to Hobert son Creek (See a.1 so 

Section 2.2, page 88) 

Small indigenous populat:i.on:s of pink sa.lmonj which 

have a biennial cycle, spawn in the lower reaches of the 

Somas s River system, near Alberni, in the odd-numbered yea.11 s 

only. While this species has rarely been observed in the 

upper reaches of the system recent developments such as the 

alleviation of a.n obstruction at Sta.mp Falls and the 

construe t:ton of a suitable sp.awn:tng ground at the Rc)berts on 

Creek spawning channel created condlt:ions which were deemed 

suitable for the introduoti.on of pink salmon into the upper 

wa tars had with a view to establishing a subs tan ti al run in 

all 'Years. 

· rrransp.J.ants of eyed pink salmon eggs to the 

Robertson Creek spawning channel, which. is situated in the 

ur.lper Soma.as sys'bem, commenced in 1959, and these have been 

oon·binued annually since tha. t time on. a varying scale 

depend:t.ng upon the ava.1 lab11:t ·by of eggs 1.n tho donor s tree.ms. 

Callectiat1s from the '11solurn River and Indian H:!.vei-• (Bu:rrard 
.• 

Inlet) in 1959 resulted :tn a tra.nspla.nt of 1·~6 million eggs~ 

wh:l.J.e the Tsolum escapement ln 1960 perrni tted a. transplant 

of 8,50,000. rrhe fUll-soa.le transplants of 1961 (l.1 .• 8 million) 

and 1962 (5.L~ million) ware secured from the Indian and 

Atnarko Hivers respectively. 

In the yea.rs 1959 to 1961 inclusive, the green 

(nawly-fertilieed) eggs were transported by vehicle or 
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ai;r-o:t'aft to a hatahe1-ty near OoU1"tena.y, wher•e incuba.tion was 

permi·b·bed to proceed to o.bou·b 650 J.i1ahrenhe1. t uni ts. At 

th:ts stnge they were tra.irnported to, and planted in the 

spawn1.ng channel. Incubation losses were held to a :range of 

5 ... s percent. 

In the spriinc~ of 1960, the en tire downst:t>eam 

m:lg:t1a t:ton resulting from the J..9;)9 transplant was captured 

a.nd eti.'l1.11l.erated, and egg .. to-fry survi va.1 was found to be 

app:roximatel.y 95 pe11oent. Coincident w:lth the regular plant .. 

ing procedure a number of surv:1:val•a.ssessment basltet plahts 

we~e made. These consisted of 100-300 eyed eggs and 

assorted graveis in wire-mesh baskets, fabricated in the 

shape of .5-inoh cubes, which were burled at sel eotea. 

looa:bions between the planted l"ows. A number of these 

ba.ske ts we:t'e remove ct and examined period ica.lly th:roughou t 

the iri.ouba:bion period, and the rate of sur\i':i. val c al<Jula. ted 

by: this meo.ns corresponded closely to the. t obtained by the 

to·tal· enumerat:ton. The t:r>a.pp:I.ng and handling assoo:ta.ted 

with complete enumeration imposes unnatural physloa.1 stresses 

whioh ln a.11 probab:tli ty reduces ·bhe su!"vi vo.1 ra. te" 

Consequently complete enumera.tton has not been undertaken 

since 1960 a.1 though downs tl"erun m:i.grations have be en sampled 

i11 order to establish the diu:r.na.1 and seasonal timing; a.n(t "~ 

basket plants have been employed to determine the egg ... ,,:;o-f ry 

survival rate. By these methods 1 t has been found that abau t 

85 percent of the fry emerge from the grie..vel to commence 
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th~ir downstream migNl. tlon when 2, 000-2, 1:;0 Fah1.,enhei t uni ts 

have be en accumulated. Aveva.ge su:rviv al rates have been 

89 and 9.3 peroent in 1960 and 1961 respectively. 

Eggs for the 1962 transplant were taken from the 

escapemc·mt to the Atrn:i.rko River (Bella Ooola system), and in 

contrast to previ ou.s years, pre-pla.nt1.ng :tnouba ti on was 

. undertaken e.t both donor and reo:tp:tent streams. One million 

eggs were placed in a temporary floa t:tng 11ha tchery 11 :1.n. the 

Atna.tiko F.Uver wh:tle s:tx mlllion were shipped dlrectly by 

vehiole a.nd e..iroraft to temporar•y :i.nouba t1ion i'aoll1.tie s a:b 

Robertson O:r.eek. Pre ... pJ.a.nting mortalities at both stations 

wei:!e inord:.tna. tely high ( ove1• J.7 pe1~oent at Robe1•tson Oreelt 

and 31 percent at A tna.rko) • P!lelim:l.nary his tologioa.1 

e:xantlns. t:tons indicated th.at a. h1gh proportion a f these 

losses ware caused by unfertilized eggs. In addition~ an 

eati:m.a.ted f:l.ve pe:r•oent of the Atna.rko-incubated eggs were 

oha.:f:lao tel:"ized by reduced va.scula.:r.i ze:b:t on and :r.'eta.rded or 

arrested development. :t t is considered that :tncomplete 

oiroula tion and meohan.loal injury proba.bl'Y contributed 

substan'bia.lly to the severe lasses at the A tnarko, wh.ile 

high tampe:r.atures du.r:tng the ini tia.1 :l.nouba ti on pe:t'l:tod may 

have 'bl:HH1 :t.ns trumential in ·che Robertson C:r.e0k lassei:i. 

A total of 5 .~.5 m:lll:lo11 eggs drawn from both 

sou.;J:!oes were planted be tween October 12 and November 5; and 

a tn."el:t:m:i..ns.1"'¥ estimate based 011 tluJ inspeot:Lon of 11 of the 

t~5 su1,viveJ.. ... a.ssessment ba.sket;s ind:toatea that average 
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eg;g ... to .. s.lev:tn survlvals w:Lll be in the ox~der of 76 and 

86 percent respectively for the Atna:rlrn- and Robertson Oreek

:t.noubated eggs. 

J:n 1961, 131 a.du.lt p:ink saJ.mon, which were the 

p:t1oduo t from the 1959 transplant~ returned to :Robertson 

C:rieek, and a.n additional 30 spawners were obse:tived dur'ing 

periodic inspeotiontj of the rems.:i.nde!l of the? Somass sys'bem. 

In 1962, the· a.dul t ri.:iturn to Hobertson Greek f:rom the 1960 

t:1:1ansplru1 t totalled 21+0. Surveys of the upper Stamp IU ver 

during thr£~ perotk of sps:wnlno; ao ·ttvi ty :tn the channel revealed 

only two spavm1 . .ng fish, and 1.n both yea.rs, losses to the 

Albe:imi. Inlet ... Ba:t>kley Sound glllnet fishery were negligible. 

:rnxperlance obta.irted to da:be i.n c01mec ti on with 

th:ts p:r>og.ria.m suppo:1:>ts the following genera.l iza.t:ton s: Redds 

we:r.e moa tly confined to the channel ma:rg:t:ns exoept in those 

i.nste.noes whe1"e an ea.r1ier planting produced a l"lffle e:f.'fect. 

1ugg riste:trblcms in 1961 averaged O.l p(:i:rcent with a max:l:mur11 

of 1.$ percent. Total egg deposition was approximately 

70,000. In 1962, pre .... spa.wntng mo:r.tality and a.n :l .. nc1~eased 

pe~iod of retention reduced the potential egg deposition of 

110 ,OOO by 30 percent. Water temperatures in the oh.annel 

during the holding a.nd spawning perlod l"anged between 65° 

a;nd ;J8°F in 1961, and 61.1.0 to 60°F ln 1962. Post-spa.wn:tng 

velod.·b1.es at red.cl sites ranged from 2.1 to 4.11. feet per 

second, and dissolved oxygen :tn the sub ... gravel ranged 

' between 9.6 and 13.2 parts per million. 

.... 
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2 • 3 • 3 !!~~Q!U?.~...f:z .. n t ~---'.2L-~.C~.l'.l.l:.!:. .. ,,9 o~2.....?.1:!2SL.9.E l!1.?.. o ~L-~_1!1 m.9.EL.!~2. 

B.9..£.~~.~-q_:q_, .. 2:1:_?_~ (See a.ls o S<~o ti on 2. 2, page 88) 

In 1961, 653 coho and 220 ch:lnook salmon 9 capttu•ed 

at the mouth of Robe.rtson C:reek and at Stamp Palls, were 

transported by tank t:ruok to d:Lscrete sections of the 

Robertson 01"eek spa.wn:l.ng channel. 

The section reserved fo:r coho is approxima tel'Y' 

40 feet wide by 785 feet long, which, with due allowance 

for three 30-foot hold.lng pools sltma'bed at the two e.xt1•emi

ties a.nCl the mid-point, p1:ov:tdes approximately 2,600 square 

yards of spawnlng area. Chinook trcmsplants were introduced 

into a 630 .. faot sect:i.on, w:i.t.h pools a.t the downstream and 

t:tpstl"earn ends, which p1'1ovides a potential spa:wn:tng area of 

ahou t 2, 000 square yards. 

E:l.ghty percent of the spawning of both species 

ooourred w:l. thln 100 .feet of the holding pools, with Wt.'t ter 

temperatures during spawning ra.nging down.ward from 55° ·to 

L~8°F fox• the ohinooks, and from. 55° to 38°F for t;he coho. 

The average in di vi dual spawn:tng du:r.•a. 't:!.on was s :lx days for 

chinooks and nine days for coho. Ch:tnooks averaged 4., 500 

eggs par female, aoho 2,700. Twenty percent of th£ 80 

ohinaok females spawned completely, 30 percent pa:i:1 ti ally, 

and the .r•emainder died unspawned. Of' the 270 coho females, 

l~l percent spawned completely and 6 percent partially. 

Inc :tdence of ftmgus (E._~P~.?."~Y,.[;jn~a. sp.) infection was in excess 

of 80 percent for both species. 
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The average are a of 15 chinook redds was 1.1 .• 6 square 

yf::l.rds while that of 12 coho redds was 2. 7 squa.1~e yards. At 

the imposed dens:t ti.es, u till z at :ton of the spawning are as 

available to each species was only seven percent for the 

c.hinooks and 16 pe:r1oent for thr::? coho. Dissolved oxygen 

0011oen.trat::tans in the sub ... gravel Et"t redd ~iltes ranged f:r.om 

Shfu to l.2.2 ppm. Tb.e total calculated egg deposition was 

J26 1mm antl J,50 ,ooo fox• the oob.o and oh:tnooks :respeotl v·ely. 

!n thE) sprlng of J.962 0 t:i:•&1.ps wc;~r·e Installed tn the 

e.:Kpc~vl:men·bal test flmne, whtoh 1.s sit11at(:id downstream f:riom 

tbe tvaJ:1spta.n.'b areas; 'l.n orde:r> to .f'acllltate a complete 

enumeration of a11 downstream. m1.eran ts. From April 16 until 

Ma.y 2L~~ a total of Al, 000 oh:lnook and 13.5, 000 coho fry were 

on.p·bu:riad. ~rhe fcn .. me:i:1 ,; wldch re·presents a 51~. percen-t egg ... to

frf au~vivnl rate, is cons:ldered to be a relatively accurate 

minimum as se1Fu:imen ·b whereas the latter must be ad,1us ted to 

ittu1ttde appriox:l1110.·beJ.y 15,ooo coho :r.vy ca.ptured upstream of' 

the t.rapping site for use in the :rear:tng experiments. 

Fu:rthetml.0:1:10, it has b1:Hm estima.ted that upwewds o:r 10 ,ooo 

ooho f:ry took up l:>es:tdenoe, at least te.m.pora:t1:Lly, 1.n the 

oh~nt:!.el. W:.t th allowances for• these factors the coho egg ... to

f~y su~vival has been estimated at 33 percent. Water 

t~.:mpe'.l:'~taires du:t•:Lng the peri.od of fry mig!'l.:1 ti on ranged 

he tween l1J~ 0 and 55°F. 
The 1962 s.dul t transplants were lim:t ted to L1.93 

coho which were c. ap tured ln the lower extrem:t t:les of 
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Hcfj;)er"bson O:t,eek and at the Stamp H:tve1:i outlet from Great 

Cen.tral '.Lake. These were 11.berated in t;he spawning section 

used i'or the 1961 t1•w:1splants. The hlgh proe-·spa:wning 

mo:i:•tali t-y :Lnourred in 1961 p:r•ompted exarnina ti on of all 

oapti V'IHJ so that only the drunagi.:i,-f:r.ee indlvJ.du a.ls would be 

:l.ntrothwed into the) chanm:.~l. By the end of tht3 yea.r over 

80 pel'"'(.H:int; of thr::l tranr.~planted populatlon had b~Hm aoc.ounbed 

f'o:r' 11 with 1.~2 percenb of thE) fem.ales having spo.wned au·b 

oompletel y Ii 11.J. peroemt; part:l.all~T, and tlx-1 rema.1.ttder.• dytng 

u11spawned. Post·-mo:titem c::l:xamh1H t.1.on of all f ernales revealed 

ths:t the :tno:tdenee of .fun1S"U.S :t.nJ:'eot1.on approached 100 per 

o®nt. ~rhe rel a t'.l've sc~r·:tou rnrns r:J of' thEJ lnd:l vidual 1.nfec 'b:l.ons 

was measured by recording the percent of head or body a~eas 

wh:toh were visibly infected; wh.ether OP not the gills were 

infected; and the nature of the infeot:ton - whether super·· 

f:to1al, or decip. Ji\trunm:tlos :1.~J lest ons ~ f':tn rot, gi 11 

ds.ma.ga~ and 1nterna1 damap;e were also :r1eoord.ed. 1~he results 

of th<::i prel:tm:tnar•y ana.lysis based. on these :rieoords a:rie 

pres en tt;)d ln the nocornpany:tng table 91 wh:toh refers only to those 

oandi tions wh:toh were most oommonly encountered and/or those 

whel'.'e lethal potentla.l co'llld vsasonably be inferred. 

It will be noted 1.n the table that tr.i.e extent of 

fungus infeo ti on in the he~~d reg:t on and the inc:tdence of 

da:tna.ge and :infectlon :tn the g:ll1s are s:tgn:tf1.c.antly hfe;;her 

in the unspaw.ned and pax•ti ally-spa.1"1-rl.ed dead; · t;ha t dtlnlaged 

gi 11 s and ft:crunc ul o s ls 1 es ions are c ommon only to 'bhe 
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un$pawned dead: and that th(? extent of funguB on the body 

does not appear to be co1"related with spawrd.ng success. 

Dead Conditlon 
(Females only) 

Spawning Success _____ .. ._.,,_ .............. ~ .. ..,-.._ ____ ...,_ .. _ ... .,.,_ .......... ..,....,., .... _..,. __ ....... _ ......... ----·· ... 
Partially Completely 

---·-····----,--·----·--····-·----lJnEJ2§!.!!1a.£. .... __ _§J~.~~.~~L·-·-··---~E.§l..~~-ti. ..... 

Average % of h~ad area 
infected by fungus 
(Superficial and deep) 

Percent incidence of 
deep fungus infeo t:i.on 
(head area) 

Percent incidence 
fungus infected gills 

Pe~oent inciderioe 
gill damage 

Percent incidence 
f'tu:1unculos:ts 1esJons 

Average 7s o.f body aN:ia 
infected by fungus 
( Supe:r•f:l.ol t~l a.nd deep) 

90' 

90 

90 

25 

20 

23 

80 

100 

() 

0 

10 

65 

r.::' r' ;.) , 

75 

0 

0 

22 

Redd distribution ln 1962 varled somewhat from 

that wh:tch was r•ecorded in 1961, with l~h percent of the 

established redds having been classed as marginal (centres 

not more than .fivo feet from the channel margin), 27 percent 

pool ... influenced (not more than !.~O feet ups trea.m or downstream 

from holdlng pools), seven percent oentri:..i.1 (not associated 

w:i. th pools, and thEd.r centres lying in the middle-third of 

the channel), and the remaining 22 percent being grouped in 

a general. "submarginal" classification. Flea.tine; cover set 
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ou.:t in :mld-strerotrn. and a.lon2~ the margins of the channel did 

not appear to be of slgn:U':tcance :i.nriofa.r as redd distr1.bu

tion was conce:rmed, al trwugh 1 t was utilized extensively in 

the hold:i.ng pools. ~f.1he effect of' r:tffle areas on the 

select:lon of i:1pa.wn:Lng sites we..s tested b:y :means of a 

simulated, ohannel·-width riffle, .50 feet long, whi.oh wa.s 

weJ.l ... removed from the possible influences of the pools. 

While the riffle const:ttuted less than eight percent of the 

to tetl a:va.i la.ble spawn:i.ng area, over 20 percent of the 

recorded redds were concentrated in this arsa, with over 

60 percent being marginal 1 and the rema.:i.nder su.bmarglna.1. 

In splte of the relat:tvE~ly-law imposed popula.t1.on density, 

up to 30 percent of the redds suffered to some degree from 

overspawning. 1:L1he avera.Ft,e area of l Cl randomly-selected 

redds was 6. 3 square yards. Spawn1.ng tempera.tu.res ranged 

between 5CP and 38°1", and chanrn;)l discharge, which ranged 

between 130 and 150 cfs, mainta.:l.ned the depth of flow at 

approximately 20 inches, w.ith velocities in the range of 

1.9 to 2.2 fps. 

2 .1.J. .±!JVT~S 1:1Q!~£1..Q~g~.i~ITD~§..§2~!§ S~D.}l~11§.. 

2 .!~. l Inc!~~--~J~i ~~! 

Ind:ta.n (Canoona) Faver, wh:tch is s1tuated on 

Princess Hoya.1 Island approx:lmately 120 miles southeast of 

Prince Rupe1"t, drains a two-lake system into Pr•incess Royal 

Channel, near nuteda.1.e. '11he one-m:i.le 1 ength be tween the 



lower (Ca.noona.) lake and the river• mouth ls relatively steep 

with three si e;nif l cant rea.che s of loe aJJ .. zed drops, one of 

which is loo ated near the mouth :i.mnwdla. tel y above the .flood

t;ide influence, another irnmed:iately downstream frorn the lake :i 

a.nd tb.e th:t.rd mi.dway between the.~rn two. Throughout th(? 

no:rrnal ranee of discharge, one 01" m.o:ce o i' these dropi:J 

constitutes an obstructi.on to rn:i.grating plnk salmon whlch 

spawn in the rJ.ver, and in some years, they haVE:l caused this 

speo:i.es to be el ther partly e:xcluded :f:t•om the wate:r1 shed or 

the:t.r di.st.;J:i:tbution hrui been :restricted. Only under ra-:re, 

and e:x:oeptiona.lly favorable oond:t t:l.ons, ha.ve s:ma11 numbers 

of pink salmon be en able to ascend the uppermost f a.llrJ and 

proceed to Canoona r_,ake and the (:ixten-s:lve spa.wn1ng grounds 

upstream.. While coho salmon hr.:J.ve been more successful 1.n 

gain1.ng aoces s to the upper wa.tershe d, they frequently- have 

been observed to experience :mortality at the tJ:.d..rd fa.lls. 

Hecent salmon escapements to the Ind:tan Hiver have been 

estimH.ted at 20,000-50,000 p:lnks (odd-numbered years only), 

1,000-5,000 coho, )00 ohmns, and leas than :>o sockeye. As 

the bed of the Ind:tan FU ver cons :1.s ts only of ~mattered 

pockets of g:r.a.vel in a. bedrocl~: base t;:he tota.1 spa:wning area 

available is r.•est:ricted to less than 10,000 squa.:r.Ei yards; 

and it would appear that the spav-m:tng osc apement to this 

system :ts r:iubstant:ts.lly greater tha.n that wh:tch would no:rma.1·~ 

ly be considered as the opt:tmum capacity. 

r.rhe Ano hor Hiver, whl<~h d:ra:tns the upper (Ano hor•) 
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lalrn into C anoona Lalrn, oontain::J e:xtens :Lve gravel beds which 

a:r.e v:Lrtu.ally unused beca;u.se of tho a.ci;e:rn d:t.ff-tcu1 t:l.es 

outl:l.ned :l.n the .foregoing. ~·T:tth a vlew to achlev:l.ng fu11 

utlliza.tlon of this ups tre(:ua po ten ti al, this Branch has 

cons true ted three vert:i.caJ. ··slot f:i. shway s, one at each 

obs tJ:•uc t:Lon :i.n the lower river. 

A btolo~;:lcal pl"o':~rarn wn.El lnit:i.a.t.ed in 1961 to 

assess the effec ti vene s s of the newJ.y .. eons t:r.uo ted flshwa.ys • 

In that year a pink salmon population est:lma.tecl at ;;o ,000·-

100,000 entered the system durine August and September, and 

:1.t was obr1ex'ved that these f:Lsh util:t:z.ed all threo structtu•es 

wlthout apparent rl(?lay or in Jury. While spa.wnlng occurred 

throughout the watershed :i. t was e sped.ally st cn:L.f::!.cant that 

an estlmated 20,000 p:Lnk salmon ascended the lower r•:tve:r to 

Oanoona. Lak<:) where they ~r>erd.ded for a sho1~t period o.f' time 

befol'e cont1.nuing on to spawn :ln the Anchor H:l.ver. A study 

of cax•cass samples obtaJ.nec1 fr.t.om the Anchor Hlver spawnlng 

grounds lm'licated th1:.i.t the f:l.sh had spawned successfully. 

The total egg deposition was calculated to be 18.0 million. 

Th(? unprccE)dEmted ut11izat:i.on o.f the Anchor TUver 

as a pink salmon spawning ;:,round J.og:lcally raised quest:tons 

llS ta the ee.r.G-t()~fry survlvaJ. rate and tb.e relat:lve success 

of the .fry :tn migrating through the system to the sea. 

Morevoer, the rela.t:tve ease w:!.th wbJ.ch the p::lnk sal:mon 

ascended to Canoona Lake ensures that the coho, and possibly 

some chums and 13ockeye, w:t.ll utilize the upper wateJ:>shecl to 



a g:rea ter extent tha.n formerly; and r.d.nc e thes 0) s toe ks 1111.ght 

ther(?fore be ex1H:icted to incJ:•e1:1J.HJ 1t was lmpo:r.tant that. 

the:l.r abundance be aoou:t'£ttely measured. r110 answEH' these 

que s t:ton1:J a dc,wns t:r.eam-s 1unpling pr•ogram was conducted in 

Anchor R:lver.i, Canoom.t Lake, and Ind:i.a.n H:l.ve:r• ln 1961. 

~.1he egg-to-f:t•y surv:tval ra:te was estimated f:rom 

data obtained at inclined-plane traps installed in the 

Anchor Hive:rj and ln. the Indian Htver at two looF;i.tions - the 

outlet of Canoona LakE-) and immediately above tidal :lnfluenoee 

Small-mesh bc~ach seines and g:t.llnets, wh:tch were operated 

throt.1.ghout thi::.~ sea.son at several looatlons in Gi-:m.oona Lake, 

prov:tded the l)a.sis for est1rna.t:lng fry abunclanco. 1I111e traps 

were useful a.ls o for the c ollc·H~ t:ton of sa.rnples for de te:t'imina

ti on of sex, length, and stomach contents. 

The tr•applng optn•ation conducted in the Anchor 

Rlver f!lom April El to r~a:'r 18 resulted in a catch of l.1.6, 000 

fi~y. OnJ.y sl.:tghtly less tha.n 6ne percent of the total 

cross~sect:lon was fished, however, and it has been estimated 

that the total fri-,v popule. t:!.on o:rigirnating in the Anchor HiVEJ'P 

was in the ordE~r of 1.1 .• 5 :rn:lllion, which lndicates an egg-to

fry survival of approximately 25 percent. 

The seawar·d migrations from Ca.noona Lake and Indian 

Hiver were s a.mpled from April lt. to May 19, and whtle no 

a.t·bernpt has been made to calculate the total migra.tlond 

·there was some evidence that the tra.ps were not oonsl·stently 

sampling the emigration. Nevertheless, lt ls known definitely 
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that pink salmon fry migrated out of Canoona Lake. 

The de.ta obtained at the Anchor and Indian R.ivers 

showed that the fry at the ti.me of E-)me11 genoe ranged from 

32 to 3? mil lime t:res. in length, w:l th the average b e:tng 

3l1 .• .5 mill.:tmet:r.es ( tlp of snout to fork of ta:t.l) . r.J.1h~~ fr·y 

captured. at the outlet of Canoona Lake, however, had a range 

of 33 to l.i.O millj .. mc tres w:l th the avers.go be:l.ng .38 millimetres 9 

and it was possible ther1 <:1fo1~e to :ldentify the Anchor Hiver 

fry in the Ind:lan Hive:r. sa.mplJ.'ng trap. 

The 15 be&\ch-seine setf3 made ln Ganoona Lake 

resulted in an ags;roga.te oatcb. of 39 a.du1 t t:rou·b:i five coho 

fr•y, l~6 p1.nk fry~ 316 s t:tckleba.ok, and 111.3 soul pin 9 while 

15 g:tllnet sets caught a tota1 of 213 cutthroat trout, 

51 kokanee salmon, 29 dolly va:rden char, and 13 aoulpin. 

The presencr.:i o:r kokanee is of i.nter•(:"Jst in view of the few 

a,du.l t sockeye observed in the system. 

E.xam..inat:ton of the stoma.oh contents of trout taken 

in the g:tl1nets !'(Wea.led th13.t those wb.ioh W:'lre se:xua.lly 

mature hra.d not been tald.ng food whe1~11H1s the imma. ture trout 

h1:1d been feeding on bottom mate1.,ial and pink salmon fry. 

While in most instances an accurate analysis of the stomach 

contents was not pas s1. hl.e be ca.use of the adv a.no ed stage of 

digestion, it was estimated that some sam.ples conta:i.ned as 

many as 100 fish. Pry were :found in the stomachs of the 

other species, al though schools of fish, believed to be 

kaka.noe, were observed on the lake surface when fry we1~e 
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present. The limited data indicates that predation may be 

an·:lmpor"tant factor :i.n future evaluation studies. 

Ar~ a result of the data obtained ft•om the biologi-

cal programs under'taken :l.n 1961 and 196c~ l t has been 

oonol.uded th£tt the Ind:lan FUver fi shways are fulfilling 

thei.1"' 1ntended function. 

2 • Li .• 2 ~.IE1.8.2~E'.: .. P_e 1}:_~!.~ __ 1.f.l~ .. :~E. 
8Eivero.1 years ago th1s Br·r:~nch WH.s requested to 

coope1~aj~e wJ:th the ~?:t.sher:tes Hesetn'>c:ri. Board 1:n a ,jolnt sl;udy 

to determine whether• or not 1t m:lgJ:1t be :feasible to convert 

8eymou:r-Belt ZE-J I:nl(:i t from a t:i.da1 basln lnto a f1"e shwa ter 

lake into which sookeye salmon could be introduced with a 

vlew to e13tabllsh1ng a valuable i:rnlf·~per•petuat:Lng :run. 

1rhl s lmreE1 tigat:t on, which was of a very preLtmlnar7r order, 

involv:lng only off:t.ce stud.1.€:18 and a :r•esi::iar'ch of avallable 

li teraturE:), was oomploted 1n 1962. 

Sc-iyr11our-Delize Inlet, located on the ma.inland 

coast of BP:ltlsh Cohtmb:la oppos:Lte the no1"thern tip of 

Vancouve1' Islanc~, :U:1 a tidal bas:l.n wlth appro:!d.111.ately 

100 square mi1tHl of water :::mrf ae e wrd.ch ls complete1 y land

locked exoept fol" its narrow outlet to the sea. Tr:l.butary 

s t1"em11s ar>e known to support smo.11 1'1.ms of coho and chum 

salmon but the area has never been regarded as a good 

producer of these spec:.i.es, nor has it ever boen known to 

support socln'.ly·e. Nevertheless, the geogra.ph:l.cal, physical, 

and other rdm:U.ari tle s between th:!.s bas:ln a.nd Owi.keno Lake 
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j.i:mned:lately to the north, led to the conjecture that :lf 

Seymour-Belize were converted into a freshwater lake, it 

:3hould be able to sunport a populat:Lon of sockeye wh:i.ch 

would be comparable to that of the OwikEn10 SJl3tem (FU verfJ 

Inlet f i.shery) • 

f'ollowlng: 

Prel:tm:l.na:ry 1::1 tudi.rrn a.f th:! .. s pr•opo sal revealed the 

(a) In orde:r to p:rev(:mt s al twa tErr> i.nt:rus:lon J.nto 

tho p:ropo::ied lalrn, :l.t would be necessary to 

construct a dam a.t the outlet whloh would be 

at least 1, 600 :feet long with a.n f.Wer11e;e he:l.ght 

of 90 ft~et mJ.n:i.mum. W1:d.le ava.:llable data was 

not such that even a very preliminary cost 

es tim1::i.te could be p:r•epa:r.e d, :I. t Wtts cone luded 

that a. 81.l.l table StructL.:t.re a.t th:l.s s:i.te probably 

would ooi::it upw1.ou1ds of fino,000,000 a.nd might 

even run aa high as $50,000,000. ~irthermore, 

tb.e structure would have to be equlpped with 

su:l. ts.bJ.e spillways, fl shwa:ys 9 and a nav 1gat:ton 

lock, and thei:.rn i.mdoubtc::dl y would cost an 

additional several million dollars. 

( b) Wh:lle no pr•ed:i..c t:l.ons have been ma.de wl th 

r>E<.>spc:)c t to the time requ.i.l'e d bef.ore the basln 

could be "f:r.e shened" to pEH'mi t the :ln troduc t:t on 

of socke-ye salmon, there is evidence to 

indicate that this would require tens of years 
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and if this is so~ there is 11t't1e doubt that 

the oonst1•uction oosts and the accumulated 

interest accruing over the t1"ansi tion period 

would not be offeet within a reasonable period 

of time by the fisheries retu.x>:i1s. 

( d) Ava:\. la ble spa'W'n.lng ar.ie as wl thin the bas in 1 s 

-wa. tE.1:1'.'shed a.re not extensive enough to support: 

a large sookeye population and there is doubt 

that a pawning oha.nnel s 011 ha toheries would be 

suitable for a project on so large a sea.le. 

( e) Avs.ilable knotdedge :ts not such tba t the 

requirements fm:1 a suocese.ful large-scale 

transplant o.f th:t.s type can be def:t.ned. 

The joint oortalusion rea.ohed in this s tu.dy was 

th11t 'While the project might, perhaps, have some mer•it, its 

ralatlvaly aaloseal soale and attendant uncertainties are 

suoh tha:t; :tt would not be a x•ea.sona.ble undertaking at th:t.s 

ti:tme. In thi.s aonnect:ion, it has been noted that the:re a.re 

111i!itny known sookeye-supporting lakes :ln Br1 tish Golumbj.a. 

whioh a.re oons idered to be capable o:f supporting much la1"g0r 

popule.tJ.ons, and lt ls suggested that s:l.nce imp:i:•ovEm1ents 

a:b11ed at natl ve runs will have the best chance for success, 

the f:!.aheri es development program should continue to be 

d.:l:tn:io ted toward these pro jeo ts before cons iderat1on is 

glve:n to the possible esta.blishment of runs in areas to 

which they are now forelgn. 
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2 • L~ • 3 Ow i k e n~-.:~~ke 

Owikeno Lake , which is s 1 tua ted approximately 

250 miles northwest of Vancouver, serves as the .freshwater 

rearing area for the valuable Rivers Inlet salmon stock, 

which over the last 60 yea1:>1:J has contributed to the oommet•

cial fishery an average a.11mtal catch of one mill:lon pieces. 

As pa.rt of an overa.11 lnvestigatton, which 

included an assessment of·the adult escapement~ this Branch, 

ln t:he early spring of 1960, initiated a program on Owikeno 

Lake to measure its basic 1.tmnologioal features as tht::iy 

pertain to juven :tle sookeye pl:'ocluc ti on. These s tu dies have 

been continued each year s:ince then, so there are now three 

years' data on hand. 

Owikeno Lake (see accompanying map) is composed of 

a chain of four separate basins interconnected by relatively 

shallow narrow0. Bet.slns l and 2 (the 1.owet'moat basins) a.re 

oha1•ac terized by extreme depths, exposure to strong winds~ 

and high turbidity. !n contr.astt the upper two basins 

(basins .3 and 4) are she..llowe:r•, shel te:red from the prevail

ing ~inds and are considerably less turbid. 

The data presented in the following review 

represent twi.ce-monthly observations collected from five 

juvenile sampling stations and eight llmnology stat:tons 

which were evenly distributed throughout the lake. Wh~.le 

the full significance of these data. is lost by combining 

them in to yearly averages, a. more detailed e.na.lys is is beyond 
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the scopE'J of th:ts repol'.'t. '1.'lle "All Hasln 11 data hi:.l.S been 

we:t.ghted, however>, .for the :relative area represented by ea.ch 

basin. 

C)inoe s ockeye smol t prod.uc ti on :ts di rec t1y depend-

ont upon the ba.s:tc nutrients~-~ phytop1anl1-'.ton·---·~ zooplankton 

~,1,..sookeye .fry food chaln, the present i:itudy is pr:lrnariily 

oonoe:rm-)d w:Lth the measurement, :ln a quant:ltl.1.t:tve manner~ of 

each of thc~se trophJc levels •. 

Baslo 1Jutrlents 

Since a deficiency of phosphorus, more than that 

of any other basl c nu trlent material, is n;ot to limt t basic 

productivity, it was chosen as a measure of basic nutrient 

value. \·D1ile the me thocl employE')c\ for the determina t:ton of 

soluble inorganic phosphate content had a sensitivity as low 

ti.s 0. 01 ppm, it dld not p:r•ove to be sul table for the 

extremely low concentrations present in Owikeno Lake. 

1:f1;v: ~op l~n kt 0!1; 

rrhe fl 11ght and dark" bottle teohn:lque was chosen 

to measure the 11 a.te of photosynthesls a.nd hence the r•o..te at 

whlch basio nutr:i.ent :materials are incorporated into phyto

plankton cells. This technique also proved to be too 

insensitive for use at Owikeno Lake, and consideration is 

now beinc given to the feasibility of usins the hypersensl-

tlve radioactive carbon technique. 

Measurements of the 1owermos t s ti3p s in the food 

chain have 'been attempted but these have not bE'rnn completely 



-~J't'E.- .• ~~ll1i. 
L-1 1ni.¥ --- -'j' tw4iLES 

i ' } ' 

laziana R. 

II S 

i ' ' 
' 

' " -
QW!_KENO LAKE 

MILES 



-121-

satisfactory, although they do provide some indication of 

the vei.•y low primary production whloh occu:r•s in Owikeno 

Lake. On the other hand 9 the zoopla.nkton- and sockeye fry 

sampling teahntques a:r•e apparently provlding an adequate 

measure of the d:l.stribut:J.on, growth· ... rate, and. relative 

abundance of the sockeye Juven:lles :tn the lake, and of the 

abundance and distributi.on o:r their ma.in food supply • 

. ~.P OJ?!!'.£}1-t 9,P.: 

A No. lO~mesh plankton net, raised vertically at 
' 

reprefienta.tive stations on 1:;he lake, provided the means by 

~iioh zooplankton was collected. The mean April-to-October 

results, exprensed as dry weight, of organic matter in pounds 

per acre_ is presenteJd bereund.01"'. 

J.eJV?. ·------·-!?-~:-~~:E_~L._.fla~~~: !l .. ? __ ~l?~~!!!_J_.1?~EJJ1_.lL Al]:.l?ll· a i_p~ 

1960 

1961 

1962 

L1 .• 5 

3.5 
7.5 

6.0 

3.7 

7. /.~ 

3.1 6.7 .t5. a 

2.0 6.1 3.7 

'7. 7 12.3 8.2 
~~ ... ~ ... --~......,_..___.............-... , •• ,,-...,..,,~--~-----------·•-.,...,. .. , ••. ,.,.,.,._.,_,.. __ ...,,,._,, .. _ _,.,.,w• .. -·-----.,~- ... -._. ... ,_ .... 

The w:i.de va.ria.tionrJ in the zoopla.nkton s tancUng 

orop wh:i.ch have occ1.u•red durinc the three-year per1od appear 

to be diri::w tly related to 1 a.ke transpar•1.:'Jncy- ~ and :tnversely 

oor1"elatecl to the population density of the juvenile soakeye. 

tn all years Basin Lr. exh:tb:t ted the hlghest standing crop j 

while in two of the three ycmrs, Ba.sin 3 had the lowest. 

Fl"'Om year to yeai"', the quantity of zoopla.nkton in all basins 

va~ied similarly. 



The abundance uf .juvonlle sockeye in the varim1s 

basins of Ow:i.keno Lake was est:lma.ted by means of a method~ 

developed by the F:i.sheries Hesea:rch Boar•d of Cana.de., wb.ich 

converts tovr~net catches per unit a f effort into popula.t:ton 

densities per acre on the basis of catches obtained in a 

lake for wh1ch the appJ:'OXirnate populatlon ls kncnm. rrhe 

following table sets forth, in fish per acre, the juvenile 

abundance in the various ·bai:iins of Owikeno Lake, as est:t.mated 

from the tow-netting results obtained in July-October of the 

J 9 (- 0 / ') ' 1 j 1 tr ~ ·t· t J 1 d · 'l o c'9 years . · :::> ·~oc. 1.nc us . ve, anc .1e ,o ,a . a )Un .ance 1.n .. 7 .') , as 

estimated from thD tow-netting conducted in the spring of 

1960. 

1959 9,675 

1960 6,690 8,f3RO A,290 6,180 7,620 

1961 J, 61.1.0 2,880 CJ?() 1,990 3,553 

1962 !1.,105 2,210 1.1., ;)10 2,970 3 '92~. 

It w:U.l be notfic1 tha.t d ispr•oporti ona tely-low 

populations existerl in 11asins 2, 3, a:nd I.~ in 1961, and w:h:i.le 

the sltuation lmp1~oved sor1ewhn.t in l~H.stns 3 and l~- in 1962, 

the juven:tlo population in P,ar:!i.n 2 s ti 11 remainecl cUspropor-

tionately reducecl from the J.<?60 levels. It is of :i.nterest 

to note that this uneven distribution of juveniles is 

comparable to the distri but:i.on of parent spav.rners i.n the 
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tributaries to the respective lake basins. 

I11:i.n'.~erling sookeye 1n Owikeno Lake e.xhibi t an 

extremely slow growth rate as is evidence by the fact that 

:tn Apr:l.l and }~ay the mean wel.ght of an lnd:i.vldua.1 approx1-

mates 0.2 gri::uns and by mid-October 1ts weight has :.1.ncrea.sed 

to only about l. 0 r,rams. rfiH:Y following table shows the mean 

Octobe1"' we:tght of fry 9 i.n grams, recorded in the various 

basins of Owikeno Lake during the three years of study. 

"£.e ~2:~-----J~!!:~.tp_.1__._ .... B~-~:1=.E.~ . .?: ....... _J3~~J:.1?:~-,1.. __ J}~5?1Ll_~··~·dh1l:.... Bas :i. I?:~ .. 

1960 o.B 0.7 o.6 o.6 o.B 

1961 1.2 1.1 0.9 1.2 1.1 

1962 1.0 1.2 o.8 J..O 1.0 
_._--~~"'"""' .. -·,,,...,_ .......... -~--........... _ .. ,.. ....... ~ .. - ... _,,,,.,...,,_,,>n-"-~~-·--·--·-·-....... ,...,..._...,..,.. .... , ........ _ .......... --.. ··~--~ ...... 

Analysis of the mean welght flue tuations fr'om year to year :ln 

the varlous basins 1.ndica.tes that tho growth :ra.te. of 

juvenlles is inversely related ·ta the existing popu1a tion 

density. 

The pr1oduc t of the mean weight and the number of 

juven:IJ.es pl"EHrnnt in an a.rea, :ts a measure of the amount or '· ,..._ ..... _..,, __ ... 
biomass of sockeye :tn that area. In v:tew of the :tnveI·se 

relationship between numbers and s:tze, the biomass of a 

popula. ti on of Juven:l.1es in a la.kt::: does not fluG tua:te as 

widely from time to time as do the numbers of fry. Pl"om the 

tropho-dyna:mlc standpo:tnt, the biomass is a r.;ood measure of 

sookeye production as it :l.s j.ncl:tcative of the ~...2l~E..!'.. of 

ma.ter1al that ends up as f1sh flesh. 1rhe following table 
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se.ts .f'o1•th the mean October biomass, J.n pounds per a.cx•e, of 

sockeye JuvenilE:H1 :tn the va:r.:tous bas:l.ns of the lake ln 1.960 .. 

62 lnclusi.ve. 

Year Basin 1 Basin 2 Basin 3 Basin 4 All Basins 
_.__"""~_ ......... _.., ...... _ ..... _.,., . .__.,,,. .. ...........,, .... _ ... _,,......,_,~_,..,,,.,.._......,.......__~--............... __..... ... __ ...-...... - .............. -.......... -........ --....... - ........... __ . __ _ 
1960 

1961 

1962 

11.8 

9.0 

9.8 

13.1 

?.l 

10.0 

2.0 

8.2 

5.2 

12.6 

8.7 

8.9 

A ser:Le.1r1 of rogresslons, based on the logar:l thrn of 

the ca.toh in rela.t:lon to the elapsed time ove1• a 100-da.y 

per:!.od, have been computed as a me1-ms of a.srness:i..n,s; the 

survival rate. The regression li~es so computed generally 

tended to be strain;ht. a.nd :Lt wa.s a.ssumec'l, the1•efore, that 

the morta11. ty Pate was constant throughout the 100-·day pe:t~:tod. 

J t WL"tS 1:i.l so as sumr:HJ, wl th one exception wriioh :is dl sous S(:ld 

below, that the a.va:i.lEi.bil:L ty o:f the fry rema.ined constant 

during this perlod. A summary of these survival rates, 

expressed as percentages over a 100-day" per:lod from tTuly to 

October, :ts presented :tn the follow:i.ng table. 

Year Basin 1 Basin 2 Basin 3 Basin 4 Mean 
Ii _ _... .............. , ........... ,..._...-....."" • ..._ .... ~ ......... ...--...--..... ~ ............. ~ ... -····-............. ~...-...... - ........ ~.-......... ---·" .. """' .. ~--.. ...... .,._ ................. _.,_,_ •• ....,, ........... __ ........... - ............... ,.,.., ... __ • .,,_,._ • ..., .. .. 

1960 

1961 

1962 

30 

l~D 

29 

17 

32 

66 

6 

9 

2 

25 

79 

39 

20 

l.1.0 

33 

The low survival rates in Basin 3 are suspect, and 



l t is thout~ht that they micht i-)e chw to emi.ftrat:ton from the 

samplinr; area. A nlot of the survival rate a~ainst the . ~ 

numbers of ,iuven:i.lo soclrnye pr0.isent ind:l.cates that these 

two f o.o tors ax•e inversely related, w:t th surv:t val gr a.dually 

increasing as the population density declines from 9,000 

juveniles per acre to )_J. ·' 000 per• acre, after wh:i.ch further 

re duo t:i.orHJ produ.e e an even o;roa ter ef :f.ee t on s1J.rvival. 

The abundance of zooplankton can also affect th~ 

su:rivi.va.1 of rEHl:Ldont socJn:~ye juveniles in tho la.lrn, as 

evidenced by the plots i'o.r each bas:in of tlrn mean ApP:ll to 

October zooplaclcton standing crop against the 100-day 

surv:tval flrr,ureH. ~r.hese lnd:i.cate th.s1.t a posit:l'l!e :relat:ton-

ship ex is ts be tweon thr:i a111ou.nt of zoopla.nkton a.va.lla.bl.o and 

the rate of survi'l!al of juvenile sockeye, although the 

oo:r1..,ela ti on, as m:tght be expec tod, .is not high s.ince 

survival :ts dependent upon factors oth<.n• than those rc?lated 

to food supply. 

In 1961, this Branch initiated a long-range 

p:r.og1"0.m to assess o .. 11 exi~Jting and potent:l.al sa1mon-bea.r:i.ng 

watersheds ln B:t•i ti sh Columb:i.a w:t th a v:!.ew to do1.ineating 

the lndi vidual facto:r•s whlch lhnl t salmon ·p1~oduc tton ln 

each; and having done so, to conalder, on a priority basts, 

the peinedJ.al measu:Pes wh:tch mit:ht be implemented to :tinprove 

salmon production for some, or all, of th~ee watersheds. 

This assessment will ret1u.lt Ln the comp1.lation of a. 



catalogue 01~ inventol'.'y which wi11 record each s t11 0am by 

means of a descript:i .. on, map, a olassi:ficati.on, and a. 

tabulH.t:ton o.f its spawning populations. 

Si~-~r:i--~~9-12.~~r.:~L~?..E.:~?'.......I~.!:§~£1-~ s 

The Queen Ghar>1.otte Islands were selected as the 

f:trst a1~ea. for ::d;udy because their pl:'esent stocks of salmon 

m:>e subr:J tantially lower than the::l.r 1 ong-term averages. 'l111e 

wa te1"sh0d sur.veys, wh:tch were o onduc ted dtu•1ng the late 

spring and :i.n the fJUrrJmEll:' months, had as t;heir ob,ject:tve the 
' 

fol.lowing prog::r•mn: to meaffLU'e the quant1 ty and qual:ity of 

gravel in the areas which were readily accessible to fish, 

as a basis for estimatlng tho total available spawn:lng area; 

to record instances of logging ,g,nd mi.n:i.ng operati orn9 (ptHlt 

tmd present) in close pro.xlrn:L ty to the s treainB, in orde:r to 

determine whe t;he:r or• not thesc:.l operations havei :l.nfluenced 

salmon p:roduc ti.on; to o btH.in basic da.ta with respr::rn t to 

po:Lnts o:f diffioul t piu:rnag(:), and to collect in:forma.t:ton 

regarding stream chara.cte:r.1 ist:tes a.bov~? these pcdnts, hH.v:tng 

reference to their• potential salmon pro due ti on; to recoJ.:>d 

for future reference, the type and scope of fisheries 

dElVE:)lopment woJ."'k wh1ch migb.t be implemented w:i.th a v:tew to 

substantlally tncreasing product:Lon;. and to obtain san1pl.es 

of chmn salmon spawning populations look:lng to determining 

the size and age conrpos:ltion. 

These surveys were facilitated greatly thX'ough the 

coopera tlon extended by the Pro tee t:Lon Branch, wh:Loh SUJ)plled 
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tra.rniportation, aocommoda t:l.on, and general advice and 

assistance. 

rrh.e data oh hand ind:Lcnte that the wa.tersht:ids of' 

the Qucrnn Charlotte Islands ha.v<:i an es t:l.ma.tod 3. O million 

square yards of roa.d:i.J.y-available spawn:tng gravel~ and tllat 

these are being exploited only lightly by the present 

salmon popula t:i.ons • Some m:i.nor s troams :tn the s ou.theas tern 

·sector of the area have lost· the:lr productive ca.pac:l.ty as a 

result of altered runoff patterns which have developed from 

the denudation of the watershed by the logging :tnterests; 

although J.o,gs of su:tta.blo spa'\Am:lng substrata as a :r•e1;1ult of 

gravel-removs.1 by thf~ 1ogg:i.ng, and other.• industries, is 

a.J.so a factor. A number• of other minor streams appear to 

have rehabilitated thEnns f~l ve s after be .ing logged-off and 

these may havo r•ogo.inod the:L:r initial pt•oduc ti.v:i. ty. 

While indust:ria1 ope1:iat:t01ui appear to have advepseJ:y 

influenced sa.lmon p:Poduct1.on. j.n some local a:r.•eas of the 

Q,ueen Charlotte Is1a.nds, the affeeted roglons are not of 

such a scope as to be ~("'OS)?Onslble for the present cond:lt:lon 

of the salmon stoclrn. This vlew 1.s strengthened by the 

fact that the relative declines in the salmon stocks of the 

unlogged wa tershe d13 have b ee:n :tn the same order as those of 

the logged-off watersheds. 

Po:tnts of dif'f:tcult pe.ssage havt::i been located on 

s:t:x stream.s, and while prel:lminary en::s:l.noering surveys have 

been recorn.rnended,· it is cons:l.deJ:ied that .implementation of 



r~medial measures would not g:rea tly enhance the::lr present 

p:rioduc ti on. 

Stroam··flow mritorinc stations were established 

du.ring tho yeal.'.' on five major streanrn wh:i.ch are considered 

to be potential sites for fisheries development projects. 

rrhe results obta:Lned f:ro:rn these :i.ns talla tions wll 1. Pl''OVG 

:i.nval uable to the future ass efJ sment surveys :inasmuch as 

there are no e:x:tsti.ng records of discha.r·ge for• the streruns 

on the Queen Charlotte Is1ands. 

Elcale and length samples taken f:t•om. chum salmon 

in l? streams in 1961 revealed that these f:lsh wore three·

and four-year olds. 

2 • L~ • 5 l?aJ~.!!:~~-)~~E?.. 

Approximately 90 percent of th-0 sookeye salmon 

taken in the Skeena Ftlvor f:lsl:rn:r'.Y' orlg:tnate in the Babine 

sys tern, wh:i.ch dlscha.rges into tb.e Skeena l;)o m:tles northeast 

of Prince Hupei:>t. Bab:tne Lake, with a surface a.rea of 

186 square miles, and Nllk:ttkwa Lake, a small oxpans:lon of 

the Ba.M.ne Hiver imxnecUately dovmstream from Babine Lake, 

serve as the rearing are1:u~ for thi. s sockeye run. 

Studies undertaken by the F'lshe:t'"'ies Research 

Board of Canada have shown that the smol t production from 

Bab:lne Lake curPEmtly rep1"esents only l/3 of the lake 1 s 

estimated productive potE-mtial; and in vlew of those 

fj.ndings it would seem that the lake could sus ta:i.n a :f.'ry 

input some 300 percent greater than th.at wh:l.ch now occurs. 



Aocordinn:ly, tl·11.E~ nr8.ncl1 and the F1i.'3hePl.er.o Fte~3eapch Board, 

with tho gu1.c1anc.e of the 0·1r0ena Hiver Tfanap:em0nt Comml ttee 9 

have ini tla.tec1 r.:i tudi.~rn look:tnr-s to de termlning tl1e most 

sul tab1e meo.n~1 by which the full po ten t:i.aJ. of the Rablne 

system m:i.ght be l'f:Htl:i.zed. 

S:i.xteen streams trl bu tary to Pinbine Lalrn currently 

providr:) apawning grounds for 300 ,000-500, 000 s ockeye, but 

on.e-th:lrd of this area lr:1 of only SDoradlc va1ue from the 

pr•odu.c ti on y:l.ewpo:ln t bee a.use of unstable flow reg:lmens. 

F1u1•thermore the comrnePciaJ. flshing operations at the mouth 

of the SkeEma Hi ver are regulated in accordance wl th the 

reeommr:incla tions of the Ske ena Hlver Management Committee to 

onsure that the spawnlnrt, escapements a.re of a ma.gni tu.de 

wh:.tch wi.11 fu11y u t:i1iz E) th(:i se available spawrd.ng are iu1. 

In· view of these considerattons prellm-tnary assessments 

determlned that improvement and extension of' the ex:tsting 

spawning grounds, looldng to increasing the fry input to 

the lake, constituted the most reasonable approach to 

developing the full potential of the Babine Lake rearing 

area. I1.:nginEH-'lP:Lng and blologica.1 s1.n•veys have therefore 

been inl. t1ab1d wl th a view to formula.t:i.ng a prop;rmn of 

development which woul<'I ach:LeVEJ thJ.E! object:tve. 

Surveys undertaken to date have r·evealed that 

three snawning s tr earns (11orr1 son FU ver, F'ul ton R:i.veI' and 

15-Mile, or Pinkut Creek), by virtue of' their lake-fed 

water supplies and relatively stable conditions, warrant 
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sBrious consideration for intensive development. These 

strearri.s accomriodate the larr~est e.xistinr~ .':lnawnin:~ runs to the 

system and their geographical locations are such that each 

contributes its f'ry output to one of the three major rearing 

basins in Babine La.ko. Gr:i.2,zly Creek, a tr:lbutar\v of' 

Sutherland H:i.ver at the south encl of Ba.bi.no Lake, is also 

receiv:l.ng considera.t:lon for possible development because of 

i t.s1 stra tec;:lc loc a.ti on and :l ts 1 ake-f ed water supply. I ts 

p:r:lo1"it-y, however, would be lower than the o thoi.1 three :l.n 

v1.ew of :i.ts re1at:tv(:) lsolation and its sma.11er potential. 

'.l:he Morri.~ion H:tve11
, wh1.ch serves as a. spawn:lng 

gx•ound a.nd as a wr::\ terway to spawning grounds ups trea.m, is 

f'roquen tly obs tr·uc ted by beaver dams. rplJ.e s treaxn bed, 

which 1 s composed of bouldor,g, bedrock, and some gravel, 

01:1.n accamrnodEt te an es t:trna.te d maximum of 30, 000 spawn:tnc; 

sookeye. Pre1 :Lminal''Y results of the surveys ind:i.ca te that 

development of this stream should bE.~ d:!.rected flrE.it- to the 

access problem 9 after wh:I.ch attentlon should be centred on 

:Lrnproveme:nt of the spawnln-:", ;:i;rounds, a.nd pos s:l. hly to the · 

imp1ementat:t.on of :flow 1•egulation measures. 

The ·;11u1ton H:tver which :is acces~lible for a 

distance of four miles 9 one-quarter of ~1ich is canyon, 

is currently undergoing a special productivity study. The 

1961 spa:wning run of' 12>9 ,000 sockeye, which is considered 

to be :I.ts current capacity, represented a potential deposi

tion of 237.7 million eggs. Fry output in 1962 waa 
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25,. 7l.1. milllon for• a compute<:1 egg-to-fry survl val of 10. 8 per 

cent. rrhe 1962 spa.wn:ing run whlch conststed of £l6,000 

sookeye represented a potential egg deposition of 137 million. 

Pry output a.nd the 0gcr,-to-fcy survival rate wlll be deter

mined. in 1963. Some spa:wn:tng ground improvement.s could be 

effected in parts of tbs presently used areas. 

A float SlU1 v0y, conducted in 1962, determined that 

the:r.e were 159 ,1.~00 square yards of suitable spaw11 ing gravel 

:tn a. 16 ... mile reach of the r:l.ver ups tre.am f!'o:m. a .falls 
' 

which now oonst:ttutes the upstream limit o.f salmon rn:tgration. 

As th.ls upper area cons tl tu tes an a.re a. as extensive as that 

now being utilized., engineering su!'veys arie being considered 

to determine the phys teal and eoonom:i.o fea.sibili ty of 

implementing measures to allow f:ish to surm.ount the 60 ... f'oot 

falls. 

Ii1ifteen .. M1.le C:reek, which is aoces si ble to salmon 

for a d:tstanoe of less than one mile, oonstittites a 

produo ti ve spawning area with an estima te·d capao :i. ·by for 

20,000 sookeye. While it may be that the spawnlng potential 

of this stream in the upper areas is not large the extens:tve· 

flats located near the r:l.ver mouth suggest that it might be 

a praot:l.ca.l undertak:tng to construct a spawning cha.rm.el or 

hatchery for purposes of supplementing the natural p:roduo-

ti on. 

Wh:i.le these investlgations will be con'b:i.nued 1n 

more detail preliminary results indicate that it m1.ght be 
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possl ble to improve fry ;:n•oduct:Lon by a pro:,ram· o:f 

intenr.-iive dovelopment; of three, and Dos::Jibly four•, 

s tl"atesic al1 y-1oca.ted spawninr; tu•eaE1. 

2 • L~ • 6 !:?Jj_~-~~-~~.--B;~Y.~E 
SpoJ:>t-f:i. rshln c int ere f:! ts :in tho V:l c tori a ar•ea have 

strongly recomF1ended that a fisherJes development program. 

be implemented on the Golds tremn lU vor, s orne 15 m:tle s from. 

the c:tty, with a. v:Lew to increas:ln;1
; :tts product:ton of coho 

salmon, nnd, pos~'dbly, to :tntroduce ol1inook salmon into the 

system. 

'I'he population levels of the coho and chum salmon 

stocks which now utiltze the lower roaches of the :t'i ver for 

spawning purposes are being r0strioted by low prevailing 

flows.. TherJ e result, in part 9 from the ups tremn opera.t:tons 

of the Greater Victor:l.a T/Jator ~)ist:i:•ict wb:tch mainta:l.ns 

severa.1 rese:rvo:lrs from which water ls d'ivorted to the 

Greater.• Vi.ctor:i.s.. area f'or dom<:rntic -purposes. rrho proposal 

advanced by the sport fishermen stemmed from repo1"'t s to the 

effect that completion of a tunnel now under construction 

to divert water from the adjacent Sooke River watershed 

in to tb.e Goldstreali'.t would so im.'Ol"OVe the a.va.1 lablc.~ water 

supply in the Golc,s treo.m that l t would be possible to 

p~ovide increased flows in the lower river for purposes of 

:lmproving salmon :production. In the light of th:ts report 

the recornr:1endation was deemer:l. worthy of further study, and 

:tnvest:lgations were thepefore :Ln:ttia:ted by this Branch in 
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1962. 

Chum salmon, with a maximum popula.tion estimated 

at 20,000-50,000 in 1952, and more recently (1959-60) in 

the 2,000-5,000 range, are the more prevalent species of 

salmon utiliz,ine; the Gold.stream system. WbJ.le the coho 

salmon escapement was reco1~ded a.s being in the 2,000-,5,000 

ria.nge in 1934 and 191..1.0, this stock, in recent yea.rs, has 

been estimated to range from 50 to 500 fish. A steel.head 

trout population of 1 to 50 fish has been recorded in. some 

years. Spring and pink salmon have also been Pe corded in 

some yea.rs, but no pinks have been seen since 1939 and only 

on.e spring salmon wa.s recorded in 1962. Twenty thousand 

spring salmon fry were planted in the stream in 1930 and 

20, 000 spl:ling salmon eggs were planted in 1931. The a.dul t 

spring salmon observed during the 1930's may he.ve resulted 

from those pla.ntings. 

A preliminary study was carried ou.t to determ:t.ne 

tb.e physical m.ake .. up of the accessible area, the quantita

tive and qu.ali tative m<~asures of the stream bed material, 

and the a.motmt of wetted area ava:ila.ble under varyine flows .. 

In addition e.n inquiry was d:trected to the G:tteater Victoria 

Water District to ascertain the magnitude of the minJ.mum 

spill which the District would be able to provide following 

completion of the new scheme. 

The Goldstrerun Hi ver is a.cc es si ble to fish for a 

distance of only 2i· miles from the mouth, further progress 
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be:lng prevented by an impassable falls. The str<'3a.m is 

relatively small, with a base width of appro~imately 

12 yards, and a summer flow of not more than 15; cfs. The 

stream bed :ts composed lar.~<:ely of boulc1err.~ arid bedPook 

w:i.th only the lowermost one ... f:lfth containing gravel. 

On the basis of the bottom composition and the 

full we "btec1 area wbJ.oh would be provided b:Y· add1. t:i.onal 

flows, :lt was calculated that the total spa.wni.ng capacity 

of the Golds trerun H:L ver would be in tb.o ox•der of 8, 000 chum 

salmon. Th:ls 01:1.pac:i.ty :ts approxlmately dou.ble the recent 

esca.peme.mts. Under (?Xi1;jt:tng flows, however, only part of 

the stream bed is wetted and :t t a:p pears that the pr•o duo ti ve 

oa.paoi ty of the !l-oldt-:itream may well be th11t of the preL::ient 

population level. 

A pr:lnc:i.pe.1 factor a.ff'ectlng the produotlon of 

coho salmon and stoelhead trout is the amount of a.va:i.la.ble 

l:'EH:\r:tng area., whioh, in tul"'n, :Ls depend.en t upon s trerun 

contour, wetted ar11.:rn.s, and pool-riffle rela:bionships, for 

which only estimat;es a1~e ava:'Llable. Based on the rela.tlon

sb.:tp that one coho salmon requh~i<.H'.l five square yards of 

:r•ea:ri:lng area, .it is considered that J,000 ooho smalts could 

be susta..lned by the Goldstrea.m under ex:!.s ting average flow 

oond:l ti on s. This may repros·Emt a. retur•n t6 the s treaxn of' 

300 adults, which is the level of the prasefit population~ 

The absence of chtnook salmon in the Golclstream 

River :ls not surprising in view of the fact that thi~ · 
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species normally returns to the smaller streams of 

Vancouver Island in tbe months of September and October, 

where they reside in pool areas _for approximately one month 

before moving onto adjacent spa.wning gravel. This behaviour 

pattern would not be possible in the Goldstrerun Hiver~ 

however, because of the shallow depth of flow, the absence 

of suitable pools 9 and a lack of suitable spawning gravel 

in other than the lower reaches. 

The many vagaries a.nd intangibles associated with 
' 

the operation of a domestic water supply a.re such that the 

G~eater Victoria Water District is not in a position to 

promise water releases ln excess o:f those which have been 

main ta tned in recent years. While it is t!'ue that the 

tunnel from Sooke Lake will provide for a.n incr•eased 

diversion to the ctoJ.dstrearn, this work will not be completed 

until 1970, and it is estimated tha.t the domestic demand 

will have increased in the interim to more than offset the 

apparent advantage of the new diversion capacity. 

In view of the fact that additional flow releases 

to the lower Golrlstream Hive:r.• are not compatible w:t th the 

interests of the Greater Viotor.ia 'i'later D:tstrict it; has 

been conoludE3d tha.t a fisheries development program, under 

e;i.'isting conditions, would not be llkoly to· produce results 

which would be commensurate w:i.th tho cost. A close liaison 

will be maintained in future, however, with the Water 

District to ensure that the flows in the lower Goldstream 
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are ma:!.ntained at the max:tmum possible ~tn order that its 

full capacity for fisheries production is fully utilized. 

2. 4. 7 2..?.l:L~~~ 

Cold Cpeek, located between the Campbell Lakes 

and the Quinssm iUvex•, is £1. relatively small stream approxi

mately three miles long and five yards wide. It riees in a 

'pothole 1 lake whloh ls fed by sp:r:tngs and, reportedly, by 

in:r1.1 tra ti on f:rom the Mc Ivor Lake e:xtensi on of' the Campbell 

Lake rQservoir. The streu11s discharge and temperature 

ohara.ctet"lstios a.re very stableJ the ma.ximmn average 

dl soharge is approximately 2} ti.mes the minimum, and the 

annual tomper1atur•e l'ange is from slightly over l~.0°P to '.3'3°F. 

Wh:tle :t t has been reported that Cold Creek in tho years 

p:r>ior to 1930 supported several thousand pink and coho 

salmon only a few of the latter spec les ha.vo been observed 

in recent years. 

In 1961 8 p:r:l.va.te :tnterests in the Ca.m.ube11 raver 

a.l .. ea. urged tha. t the Department; under.•take a fisheries 

development progre.m a.t Cold Creek looking to the rehabll:i..·

te..tion of its depleted stocks of salmon. In l:tne wl.th thl.s 

request th:i.s Branch has conducted s:t te invest:tga:bions 

extending over the years 1961 and 1962, with the following 

r1:.Hm1 ts. 

(1) rrwo rock falls and a number of beaver druns in 

the lower one-third of the stream restrict 

access at some flow conditions. 
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(2) Less than five percent of the streal'l1 bedg 

which is composed la.:re;ely of silt and sand, 

appears std table for spa.wn.1ng purposes. 

· (3) r.rhe upper two ... th:l.rds of the creek plus siome 

limited areas in the lower one ~ile have a 

favorable combination of pools and riffles 

for rearing purposes bu. t the maxlmum wa. ter 

tempera ttu1e is below that oans idei-~ed f avo1->a.ble 

to growth of Pacific salmon. Bottom insects 

appeared scarce o. t a.11 ohs ervation s, probably 

as a :t"esul t of ·bhe oorrib:lna tion of' o old teruper ... 

ature and. :rels.t1.vely tm9roductive siit ... sand 

bottortt. 

Lacking deteJ.ls of the spa.wning history, and the 

physical a.nd other changes wh1.dh ma,y have been wrought in 

the d.!!a:Lna.ge area, it can on1.y be speoula. te d tl::i..i:i. t the stream 

hed and water quality hi-1ve been s.lta:r>ed driast:tce.lly since 

the 1930 ts when s :tzeable :runs of coho a.nd pink s aJ.mon 

ooou:rred wtth regularity. The r.1t:i.lsirtg of the wa.te:r level 

in Campbell Lakt:Hr' has possibly a.1 tered the balance between 

spring inflow and surface runoff. The :t'iernova.1 o:r forest 

oovar by fires and logging p1'1obably c1"'efA.ted oondi ti ons 

:responsible foJ'.' the heavy ail t load. '!horrn combined effects 

have s.pparently made the o:i:>eek unsui ta.bl e at this tim9 fa:r 

a development project. 
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2 .J~. 8 K~~e:!:]~~E-J.}~..Y-~.!: 

The Kakweiken .raver.11 which rises in Kakweiken 

Lake, flows in a southeasterly direction for about seven 

miles before discharging into Thornpson Sound, approximately 

l1.0 miles ea.st of the town of Ale rt Bay. For most o .f :i. ts 

length the ri Vf-3!' has a. gentle slope, but two .falls , l ooate d 

about two milos f:rom the mouth, form an obstrttction to 

salmon endeavouring to reach the exce11ent spawning areas 

ups trea.m. In this connec t1. on it has been reported tha. t 

only a. small pox•tion o.f the spawning escapements of up to 

100,000 pink and chum salmon have been able to surmount 'bhe 

falls, with the result that spawning has been confined 

primarily to the gra.vel··poor lower reaches of the river. 

Furthermore .9 it was reported th.at sockeye, coho, and ohinook 

salmon, bound for their natural spawning grounds ln the 

upper reaches fl were being injured as a result of' the diffi ... 

cul ties they experienced at ·the falls at certa.:ln discharges. 

Some y<)ars ago, a channel was excavated a.round the left 

bank of the upper falls as a. means to facil:ttate fish 

passage at th:ts point but it did not ach1.eve the desired 

degree of success. 

On the basis of these reports a prelimina1"y 

engineering and blologioal survey was underta}{en by this 

Branch in 1961. This was followed by a detailed survey in 

1962. These surveys oonfirr11ed the earlier reports when it 

was found tha.t salmon were being obstructed and seriously 

lnjured at both falls. Observatlons at the upper falls 
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disclosed that there was only one success .for every f:lfteen 

attempts to surmount the 'falls. 

In the l:tght of these conclusions it ha.s been 

recommended that the e:xist:l..ng channel which has been cut in 

the left bank at the upper falls be deepened and converted 

into an orif:lce-we:t.r-type fishway as a tempora.ry means of 

reU.eving the::J s:l.tuation, pencUr 1.g the completion of more 

detailed b:tolog:lcal surveys of thf."~ river system. 

2.4.9 !~?l~_~iv~~ 

For the past several years this Branch ha.s 

conducted surveys of the 1rs olum Rl ver sys tern, near 

Courtenay, B. C. , with a. view to measuring the quality and 

quantity of the available spaw:n.ing gravel, and to deve1op a. 

means by which the nor:ma.l low flows during the pink salmon 

migration could be augmented. These surveys have indicated 

that :lt might be feasible to deyelop a. storage reservoir in 

the headwaters o.f the system at Wolf Lake, .from which 

controlled discharges could be released du1"ing the critical 

low-flow periods to augment the natural flow, and thereby 

improve conditions for spawning and migration. 

Additional studles, whlch a.re now :tn progress, 

will dete:t'mine the storage capability of a .reservoir at 

Wolf Lake, and whether or not the tempera.tu1"e of the water 

impounded in the reservoir could be maintained at a desirable 

level. 

On the basis of available information it is 
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b~lieved that it mir::;ht be feasible to increase the flows in 

the river by a.t least 50 cfs, a.nd coup led with s trea.m 

improvement there would be a ma.l"ked improvement of 

conditions for pink salmon migrat:i.on, spawning and incubation. 

2 • ~- • 10 '.11 z o ?..~~~:.~-J~}:..v e :i:: 

The Tzoonie River, tributary to Sechelt Inlet, 

approximately 1.t.O miles northwest of Vancouver, was examined 

w:t th respect to an ace es t'l problem ex is t:!.ng in a slide area, 

some 3./h of a mile in length, which is located approximately 

2} miles from its mouth. ~hile sockeye, coho, and chinook 

salmon and ste.elhead trout have been reported to be delayed 

and blocked a.t some flow conditions , chum and plnk s a.1l11on 

have been restricted at all stages, to the river below the 

slide. 

Recent population estimates range a.s follows: 

plnks 2,000-5,000; sockeye 2,000-5,000; chums 10,000-.50,000; 

coho 2,000-5,000; and chinook salmon .50-100; and steelhead 

trout 50-100. 

rrhe area of diffloult access has been unde:r. 

observatlon since before 192.3, and r0miedlal work in the 

form of blasting was done, without apparent success, in 

1947• The results of a preliminary engineering survey 

undertaken in 1960 suggest that a major fishway would be 

r•equfred to solve the access problems fo:r all conditions of 

flow. 
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A further sux•vc.:iy wa.s conducted :tn 1962 to :r•e-as ses s 

the problems at the slide are a and to estimate the potential 

productlon above and below. Th:ls study :i.nvolved spot 

obse11 vat:lons at a number of po:i.nts :ln order to assess the 

ab:Llity of fish to ascend the obstruction. In adcUtion 

measurements of the quantity and quaLLty of stream bed 

material wer<:-) taken over several miles of watershed. 

At the prevailing water• levels, migrating salmon 

were found to be holding at three sites in the slide area. 

Some were observed upstream of the sl:tch) ~ however, and it 

therefore appeared that the blockage had not existed 

throughou. t the entire duration of the salmon run. 

The lower reaches of the river, which are used 

extensively for spa:wning purposes by churn and pink salmon 

only, were found to be lar>gely rock and sand w:t th the 

su:i. table gravel concent:r•ated in the upper mile. The 

capacity of the total spa.V>n'ling are a below the slide was 

calculated to accommodate L~7, 000 fish, w1'1.io h approaches the 

chum salmon populat:i.ons recorded in some recent years. 

Developm.ent work in the form of s trearn b eel impJ'.'ovement may 

more than double tb.e pPesent capacity of this area. 

Upstream of the obstruction the stream.bed contains 

several miles of su.l table spawning area plus favorable 

condl tions for rearing coho juveniles. It would appear 

therefore that the productive potentlal is far in excess 

of the present populations. 



On the basis o:f the foregoing pre11mlnary findings 

it has been recommended that a comprehens:lve blologic al

engineering survey be undertaken with a view to assessing 

the access problem in detail and to develop a. prac tica.1 and 

economic solution. 

2. L1 .• ll l3J.r~ua.!ic1111l_Ri ver (See al .:i o Sec ti on 2 .1.1, page 77) 

The Big Qua.licum River, situated on the c::ia.st 

coa.s t of Vancouver Island some 39 mlles north of Na.na1ma, 

suppoPi;.s important eitocks of chum, coho, and chinook salmon 

and steelhea.d trout, the populations of which have varied 

widely from year to yerJ,J.> as a. i ... esult of the extreme fluctua

tions in dischm:.•ge and the high summer tempe1 ... a.tures wh:lch 

are common to most coastal streams. In an attempt to 

maintain the annua.1 salmon production at the maximum 

recorded levels, or higher, this Branch has constructed 

temperature- a.rid flow-control works wh:tch are scheduled to 

commence operat:ton in 196.3 (see plan, page 77). The 

environmental contriol afforded by these works, together 

with the future improvement of the existing spawning grounds 

and the creation of artificial spawning areas, provide 

reasonable a.ssu:r'ance that the productive potential of the 

stream will be so increased that it w:tll mo.re than offset 

the cost of the project. 

With a view to assessing the effectiveness of 

the project, this Bx•anch,, in 1959, initiated a comprehensive 

program of investigations to. obtain detailed basic 
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iri.forina.t:ton under natural con.di tions for la te1-- comparison 

with that resulting from the controlled conditions. T'hese 

investigations, the results obtained to date, and the plans 

for the future are set fo:rth hereunder. 

Since 19.59 adult salmon have been enmnex•a.ted at 

a count:Lng fence located 2,300 feet above t.ida.l inflrten.oe, 

and the abundance of seaward xnigra.nts has been measured at 

the same site. It ls to be noted, however, that since a 

varying portion of the chum salmon population spawns 

downstream of the counting fence not all of this species is 

enumerated, and some reliance must be placed on e stima.tes. 

Four·-years 1 estima.tes of the adult salmon escapements are 

given in the following table, w:i.th the figures in brackets 

being the numbers of chum salmon enumerated through the 

counting fence. 

19.29 1960 19..§2: 1962 .,,.__ ... 

Chinook 2,hll 1,.569 1,111 787 

Coho 3,62/-1- 2,522 2,886 l-1-,615 

Chum 98,500 60,000 15,000 l1.0, 000 
.,L83,500) .( 57 ,5o_:U j_lO ,1+21) 11? ,032_~ 

TOTAL 10L1.,535 6L~, 091 18,997 L1.5 ,Li-02 

The yearly fluctuations in the reproductive 

potential of a given number of spawners has been due, .Ln 

the main, to variations in the sex ratios and size 

compositions of the populations. The positive relationship 
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between length and fecundity h1:ts remsJ.ned virtually cons ta.nt 

al tho1.:1.gh yearly vari.a.tions have been noted in the s.otttal egg 

deposition a.s a :result of the varying abilities of the 

females to complete the spawn:tng act. li'or the three yea.rs 

in which the studies have been cont:l.nuing the follow:tng 

estimates have been made witl1. respect to spawning and 

surv.ival of chum su.lmon in the B:lg Qualicum raver. 

Number of females above fence l.1.2 ,300 

Percent females in population $0.7 

Potential egg deposition (x 106) 123.2 

Success of spawnlng (%) 75.5 
Net egg deposition (x 106) 93.0 

Fry output (x 106) 17.7 

Percent SUX'Vival (from net 
depositi.on) 19.0 

Percent survival (from potential 
depos:i. tion) lL~. t~ 

23,750 

50.0 

74.1 

95.0 

70.4 

3.7 

5.3 

l~. 9 

6,ooo 

57.5 
19.4 

96.0 

18.7 

3. L~ 

18.2 

17.5 

The poor surviva.1 in 1960-61 has been attr:l.buted 

·to unusually h:tgh discharges which occurred in December,. 

1960, while the low level of spa:wnlng success in 1959 has 

been at tri bu ted to dela;rs in the estuary as a result of low 

d.:lscharges which prevailed in November. 

In addition to the qua.nti ta. ti ve mea.suremen ts of 

the dov-mstl:•eru11 mlrr,re..nts, attempts have been made to measure 

their> quality with regard to length and weight lnasmuch as 
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the procl.uo t:t on of fry and smo1 ts at h:i.ghe1~ populat:i.on 

densi. ties may r•esult :tn a sm.al1er average s:l.ze at the t:t.me 

of migration, whlch, in turn, could result indirectly in a 

lower rate of surv:tval dur:tng the early ma.r:i.ne stage. 

1.rhe saJ.J.nlties at1d temperatures of the waters off 

the mouth of the Big Qual:i.cu.m Hlver have been recorded by 

the Paci fie Oce1:mographic Group of the Nanaimo Blological 

Sta.ti on since the spr.•ing o.f 1961, so that these factors can 

he assessed in future studies of eax•ly marine survlval. 

A tae;g:ing program conducted in 1961 for the 

pm:>pose of defln:tne: the time of a.rr:t val of chum E!almon at 

the river mouth, and the varying times spent there, 

employed a. drum se:i.ner whlch operated ·wi th:l.n one-half mile 

of' the l"'lver mouth. ·w11ile the program connnenced on October 

23, only seven flsh ha.d been ta.gged by November 11; but the 

catch rose from zero on November '.) to 213 on November 11, 

the next fishing day, lndic a ting an abrupt bu:l.ldup in the 

chum sa.l:m:on popula.ti.on. A total of 1, 353 tags wa.s applied 

from Novernber 11 to December 6, o.f which 335 (2L~.8;;t) were 

recov«:ired on the spa.wnlng r;rounds. ':[1he use of six tag-

baffle oomM.na tlons, wh1oh afforded the means by wbJ.ch the 

time of passage from thB tagging site to the fence could be 

assessed, revealed that the average t:i:me between tagg1ng 

and recovePy on thE-) spawning c;r•ounds was 21 days - 12 in 

the river, nine off the river mouth. It was also noted 

that the usual tendency fop late a.rr:tva.ls to spend less-
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th[l.n-avera~';e time :l..n m:lgrat:ion and on t'le sr.immlnr; ;~:r>ound 

was apul:lcable to the B:tg O,ualic um chum salmon. 

Prelbnina.ry analys:i.s of the results of a ta:~ging 

pro;.:;ram (See also Section 2.11 .• 13, Page 1)0) conducted ln 1962 

in ,Johnstone .'3trai t :lndicates that there was a peak abundan.ce 

of B:l.r:; Qualicum churr:i s alrnon in tl::e lower straits dur•ing tho 

first week of November, as approximately 50 percent of the 

spawning ground recoveries were fish which had been tagc;ed 

during the neriod. Oc tobeJ:> 31 to :fovember 7. 'Fhe average 

time between tagr,ing and passage throu.c:,h the count in.rs fence 9 

for the bulk of tagc;ed :i.ndiv:tduals 9 was 21-23 days, and it 

was again found that the late arrivals took less time. If 

the :movement of fish 1nto the estuary followed the 1961 

pattern, the major· portion of the tag13ed fish spent ap~Jroxi

mately l)+ days between tagging and arrlva1 off the moutb., 

wl th the ear1y seg~men ts taking 3-!1. weeks. Hesults of 

px>evi ous ch\tm salmon tagging pro r.;raros in .Tohns tone Strait 

dur:ing l 91b5 and 1950 showed an average tim('.l lag of 7 and 

12 days$ respect:tvely, between lower ,Johnstone Stra:i.t and 

recovery in the fisher>y off Q,ualicurn. 'I1he apparently s1ow 

re. te at which the B:t.g Q,ual1c um chum s alr11.on migrate through 

the local fishing area (Area 14) is such that this stock 

( part:t. culs.r1y the early se_gmen t) is extremely vulnerable 

to the fishery·. Thls could have resulted in heavy explo:t ta

tion ln the past. 

'I1he efficient use of controlled :fJ~ows to improve 

the freshwater survival of salmon in the Big Q,ual1cum River 
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r•0quires that the effects of discharge and temperature on 

su.rvi val a.nd be ha vi our be clearly u.nders tood. r.ro this 

end discharge a.nd temperature have been Pecorded continu

ously, since the fall of 1959, at the outlet of HoPnc) Lake 

and 1/4. mile .fJ:•om. the r1 ver mouth. Furthe1'more ·the 

thermal structu:r•e of Hol"ne Lake has been deterrn:tned at 

1-2 week intervals during this period. 

The studies which have been undertaken to provtde 

the basis .for• future development of the river w:t th a v:tew 

to :lncrea.sing its spawn:lng oapaci ty could result in the 

improvement o.f exist:ing spetwrd.ng areas by various artl.fic:tal 

methods and/or the construction of art:tfic:tal spawning 

channe 1 s ad ,j a.cent to the rl ve r. In 1 ine wl th these 

principles a general approach has been taken to determine 

the spawning requirements of each species. To th:ts end tho 

distribution ::>f spawners has been plotted by area over tho 

enti1•e strea.rn length with notations as to the geneJ:>al 

characterist1.cs of the prefe:r.red spawn:tng areas and the 

location of non-productive areas. Depth and veloc1ty 

measurements and gravel samples fox• size compos :t t:ion b.ave 

also been obtained from some of the preferred areas. 

The wetted areas corresponding to discharges of 

33, 110, and 230 cfs have been classif:led ttnder several 

categories in an attempt to develop a workable relationship 

between discharge and the optimum rearing cond:i..tlons· for 

juvenile coho salmon and steelhead trout. Five sampling 
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stations located at intervals along the river, provide 

information on growth rate and abundance of rearing spec:l es, 

and a bas:ts for c onrparing the pro due t:t v:i ty of the di .fferent 

sections of the river. 

rrhe biological :tnve s tigati ons outl :lned briefly :tn 

thc0 foregoing will be continued :tn future :i.n. OJ:>der that 

' the info:rma. t:l.on so obta.:i.ned can he applied w:t th oonf idence 

to real:lze the ultimate goal of the Big Qua.J.:i.cum project; 

whJ.ch :i.s to increase its annual salmon productlon to the 

level wh(H"e it is co:mpa.rable :i.n s:tze to the largest 

' recorded t].nder• natux•al cond:t t:tons. It is also expected 

that these lnvestigations wJ.11 contribute :tnc:tdental 

information which will be most useful j.n the field of 

research. 

" Lowe :rnlet, a. small indentat:i.on :tn the shoreline 

of Grenville Channel some 65 miles south of ·Prinoe. Rupert, 

l"ecei ves ·the outflow from a :?mall multi-lake system wh:l.ch 

supports an important stock of sockeye salmon. Lowe Lake, 

the lowe1•:most in the system, is fed from the northwest by 

Simpson Creek wh:i.oh drains .Simpson J..,ake; and from the east 

by Weare Creek 9 which d.ra1.ns Wea.re L13:1rn, wh:tch, :t.n turn, 

drains Gar11ble Lake v:t a Ku.mowdah River. Obs true t:t ons · to 

salmon :migration have been reported at the entrance· to the 

system and on each of the streams wh:tch :interconnect the 

va:t•ious lakes; the former be:i.ng pass able a. t some wa.ter 



s t;ac;e s, whereas a.11 of the latter a:r>e c ons:ldered to be 

virtually i:mpassable at all stages. 

Durlns the ped.od 19:55 .. 61 this Branch has under

taken eng:lneer:Ln,7; and blological s tudi~s of the sys tern 

looldng to determining whethEJr or not it would be 

econom:i.cally fea,sible to allcr1Tlate fish passage at som~, 

or all, of these obstructions. At present, only Lowe Lake 

is util:l.z.ed by sookeye fo:r rear:l.ng purposes, ·and 1ts average 

adult :return since 1931.~. has been :i.n the or•der• of 6,000 

sockeye. '.L1he studies to date h.ave indicated, however 9 that 

this represents only 30 percent of tb.e lake's prodl1c 'bl VE) 

capacity and that tb.e estimated f),lll potential of 21,000 

adults could be r<'.la.l:tzed ·by an expenditure of approx:i.mately 

$250, 000 to alleviato the. a.cc es s problem. Furthe:l:'lnore :i. t 

has been estimated that an expendi tu:re of f~l,000 to improve 

access to Simpson, I,ake would provlde accoll1111odat;:i.on for an· 

add:ltional l~.6,000 sookeye; while removal of the obstx•uctions 

to Weare and Gamble Lakes at est:lma.ted costs of *250,000 

1 1 ~ j ~ d t' f 21 ()00 d "7_r.)·'. or.)Q eac.1 wou o. prov·.cte aoco:m:mo a ion :·or .. , . an. , 

sockeye salmony respectively. 

No firm recorrrmenda.tions have yet been advanced 

in connection with the results of these studies but :t.t 

would appear• that development work to crea.t-e improved 

access to I.owe and S:i.mps on Lak<:H~ mlght be a ·wor thwhllc::i 

undertaking ln view of thei.r moJ:>e f o:vou1"able cost-benefit 

ratios. It would however be contlnp;ent upon the establishment 
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ot: an anadromous race of sockeye by artif-tc :lal :methods. 

2 . L~ .13 Q".9-~?..~9n~ S tra!_t_ Chum _.?al:m<?._l:?;M_'.~~~1,[T,i nf5_..J:~o gr~. 

A chum salmon tagging program was conducted in 

southern Johnstone Stra:tt in 1962, for the purpos(:J of 

further defin:lng the time of passa.ge. of the individual 

stocks destlned to streams located :ln and south of' Area 13. 

l\nowledge of their time of passage and their rate of 

explo:t ta.ti on in the ftshery was necessary for an assessment 

of the.· fisheries development program now underway on the 

Big Qttalicu:m raver~ F\.irthermore th:ts :tnforrnat:ton provides 

valuable· background for management of the stocks migrating 

through this area.. The tagg:i.ng opera ti on, whfoh employed . 

a chartered drum seiner, extended throughout the period of 

September 20 to November 16, with a. oessa.t:ton of opera.t:tons 

on the da-y before and the day after the tTohns tone Stra.:t. t 

oorm:neroial net fishery. The. Petersen disc tag, employing 

various combinations of colours and shapes of baffles, 

was used in order that records of approximate ta.g.ging dates 

could be obtained without recapturing the fish. Tag 

·recovery from the oorn:mercial fishery was f acili ta:l;ed 

through the usE~ of tag retu1"n envelopes distributed by the 

Protection Branch and by personal contact W·lth the 

fisherrnen. Tag recovery from streams was a.oco:mplished by 

. Departmental field crews located in the Big Qualioum, 

Chea.kamus, and J?raser Hi vers, supplemented by addi tiona.1. 

special· crews from this Branch and the field officers of 



-151-

the Protection Branch. In JL1. ma.jor and minor chmn salmon 

str~ams a. "pitch" of the dead was made in order to obta:tn 

tagged-to-untagged ra t:los :for• popula.ti.on enumerat:ton. 

Du.1,:l.ng the S(?ason, J,l.1.13 chum salmon were tagged 

and ·to date L~9L~ have been reco·vered :tn the commercial 

f:l.sheries~ JU~ in stream watcn•s, and 12 in test-fishlng 

operations, for a total of 820. This represents a 24 per 

cent recovery. 

Prelim:tria.ry analysis of the 1962 results shows 

that tliere was an :tntermingling of chum salmon stocks in 

lower .Johnstone Strait. ':l.1his ts ev:tdenced by the fact that 

tags applied d1iring the latter pa.rt of September a.nd the 

first half of October were recovered in the Fraser River 

tri buta.rles, and in non-lake and small-lake systems such 

as Benell Creek, Chema:l.nus H:t ver, and Nanaimo River 011 

Va.ncouver Island; while those applied during the period 

from mid ... Qo tober to November 15 were recove1"ed :tn the Praser 

raver· tributaries, in the Puntledge, Big Q,ualioum, Oowiohan 

and other lake-fed rlvers on Vsx1couver Island, and in the 

Oheaka.rnus and Sque.mish IUvers on the mainland. The majority 

of re.coveries from the Big Q,ualicum stemmed from the early 

November tagg:tng. 

An analysis of the data is being made in an 

effor•t to obtai·n an indlcat:ton of the size of the chum 

salmon populations and the rates of exploitation by the 

·fispery. 



3. APPLIED RESEARCH 

3 .1 c OHO ~lu:;:.~rql~XPERIMENTS 

The lack of infOJ'.'rlla ti on on the freshwater rearing 

requi:t•ements of coho salmon :l.s a serious a is advantage when 

assessing residual flows and other fisheries problems 

associated with hydroelectric projects. In addition, a 

knowledge of the dynamics of coho smolt production is 

desirable if development work designed to maintain and 

increa.s,e r~tocks of this spr:)cies :ts contemplated. W:tth the 

completion of the .Robertson Creek experimental oh~mne ls 1.n 

1961, this Branch ini tia.ted an a.ppl:te d research program 

designed to prov:l.de some of the ecologic al information 

required for understanding the d:;rnamic.s of coho smol t 

production. 

Information of this kind is usually obtaJned fr•om 

a long series of observations of a. natural stream a.ccording 

to some definite pla.n. Changes whlch. occur can then be 

explained on the basis of COJ:>:t•ela tions among the.quantities 

measured and on lmown principles of biology, physics and 

chemistry. Since so many factors very together :tn the 

natural environment, it is often difflcul t to collect 

enough data. to permit the thorough statistica.l a.na.lysis 

that is needed for separating the effects of the factors. 

However, the experimental control offered by the rearing 

channels at Robertson Creek provide a means by which the 

effects of environmental changes on coho smo1 t pro due ti on 
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In 1961, the physlcal facil:l M.es o.f the rear:lng 

channels were tested and information was gathered on the 

practical problems :l.nvolved in ut:tli2dng the ohannel:3 for 

long-term rearing experiments. In the spring of 1962, 

formal test:i.ng began on the effects of three depth-velocity 

situations on coho rnnolt production. P:tnal results are not 

yet available slnce the main part of' these experiments a.1~e 

st:tll in pr•ogress, hence the following report provides a 
' 

desoriptlon of' the methods used and the pertinent informa-

tion available from observations to date. 

The experimental :t."ear:lng a.re a c on£d.s t.9 of four 

parallel channels 200 feet long and 20 feet w:tde, ea.ch with 

:i.ndivi.dua.l inlet and outlet works enabling independent 

hydraul:!.c control for ea.ch channel. Channel No. 1 is 

des:tgned to provide shallow depth, in the range of l.1.-12 

inches; channel Nos. 2 and 3 are designed to carry a normal 

depth of 18 inches; while channel No. Li.. ha.s a normal water 

depth of 3 1 -9~~. 

Each of the four channels :l.s divided longitudinally 

by a centre wall, forming two sub-channels 200 feet long by 

10 feet w:!.de. ma.ch sub-channel .is screened at the ups tr•eru11 

end to pPeven t extraneous fish from en ter•irrg the channel and 

inclined screens at the downstream ends allow for the 

enumeration of emigrants. The substrate :ln all channels is 

composed of the standard spawning gra.vel used in the Hobertson 



C~'eek channel which :!.s between 3/1.1. and I.~ :!.nches :Ln 

diameter. 

Both long-term. and short-term e:xpe r:t:ments were 

in:i.tia.ted i.n 1962 to assesr..1 soma of th(~ physlcal factors 

a:ffec t1ng coho rear:Lng. The 1 ong-t~nm e.xper·iment 9 wh1.ch 

is des:tgned to show whicl1 of tbree de~pth-veloc:l ty s:l t1..1.ati.ons 

is most conducive to coho smolt production, will not be 

concluded until the smol ts have left the cha.nne ls in the 

spr•:l.ng of 1963. The short-term e:xperimr:mts, oa.rrled out in 

one of the channels S(:)·I~ aslde for th:ts purpose, provided 

irl.forma.tion on the practical stocking densltles for the 

long-term expe1:>1men ts EJ.Dd e.xa.:mined some of the factors 

regulH.t:i.ng the :Lnt tia.1 holding capac:i ty of the channels. 

A. Long·- term Exper:i.men t -....-......................... -.. -.................. _.. .... ~ .. ~ ........ ,,..,,... __ .... ~ ....... , ............. ~., ....... 

gqual Jnflows of 10 cfs to each of three 

expeJ:>imenta1 channels created· the follow:lng depth-

ve J. oc i ty c ond:l. ti ons • 

(1) A riffle cond:t.tion 

depth, 0.5 feet 

- velocity, 1.2 feet per second 

(2) An :1.ntermedia.te condition 

- depth, 1.3 feet 

- veloc:l.ty, o.5 feet per secona 

(3) A pool condition 

- depth, 3.9 feet 

- velocity, lerrn than 0 .1 feet per second 



T:i:a.ch channel was d:i.videc-1 i.nto two po.Pallel 

sub-channels enablinc duplicate tests to be made 

on each depth-veloc:i..ty condit:ton. rrhe shallow 

sw:i.ft channel was des1c;nated as channel 1, the 

inter1n0cUa. te channel as channel 3 and the deEJp 

slow channel as channel L~. Channel 2 ·wafJ uti liz,ed 

for short-tEirm tests. 1:rhe resulting sub-channels 

due to part:i.t:Lon1ng we1:e des:l.gnated ar~ left or 

right when loold.ne; downr1tream .• 

The channel~~ were stocked on three occasions 

with coho fry obtained from Hobcn"tson Creek. These? 

releases were made in the middle portion of each 

sub-channel, and considerable Elf fort wa1:1 made to 

keep stocking procedures identical for all six 

sub-channels. F'lsh ern:tgrat:tng f:rom. the channels 

wl thln 21.~ hour-s a.fte:r the:i.r introdnction wc1re 

returned to their P(H!pectlve channels. After this 

initi.al adjustment pe1"iod, all emigrants were 

tr•apped and counted at the downstream scrEJens and 

then held in liveboxes for future experiments. 

All fisb w}1lle belng held in the liveboxes we1~e 

fed a. dry cor111no:r1 c:1.a.1 .f:tr~h .. ·food about four times 

per day. Each chanrn~l was s toe ke d" with numberi:i 

of fry conr~ :tdered to be in excess of the holding 

capa.ci t;y· of the channel. Since .identical numbers 

were r,>laced in 01.:wh oha.nne 1, ernig:ration would 



reflect the hold1ng capac:tty of the three dopth

veloc:t ty cond:l t:i.ons 1.mder f.:itudy. 

The first release of experimental fish into 

the rear:l.ng channels was made on Ma.y 21.1. and 2_r). 

On May 24, 1.000 coho fry were released into sub

channels 1-left, 3-left, and L1.-left. The ne:xt 

day, the procedure was repeated wl th tb.e r:t.gh t 

sub-channels. ':f.1he one-day delay served as a check 

on the "f:i.sh-t:ightness 11 of the C(mtre walls. 

These fl sh ( 6, 000 :tn total ) a.veraged 3q. mm :i.n 

length a.nd 0. 68 g:r.a:ms in we:l. gh t. 

The second release was made on ,Tune 1, when 

250 marked coho fry were :i.ntroduced into each 

sub-channel. These fish (1,500 :tn total) had a 

mean length and we:l ght of 39 mm and 0 •. 55 g:r>ams 

respectively. 

ThE) third and fina.1 release of 2,850 coho fry 

was made on June 6; 475 into each sub-channel. 

These fish had a. mean length of t1.0 mm and a mean 

weight of 0.79 grruns. 

After release :\.nto the:ir respective channels 

the coho fry exhib:tted a deflnite and almost 

immediate upstream m.igra t:ton. Upon reach:i.ng the 

upstream screens (100 feet from the release point) 

the fry held j_n the immediate area for a period of 

from 20 to 30 m:l.nu tes, after which they moved 
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downstream :i.n .:;roups, sometimes all the way to 

th~; lower end where they stopJ:)(;)d and held 

pos :t ti on. 

:Most of the emig:rati.on from the channels 

occurred w:i. th1n the fl rs t day o:r:' two after 

stocking and after this initial exodus, the 

emit!,l'a ti on Pate decroased to only one or two flsh 

per channel pex• day. The channe 1 with thE~ greatest 

depth and lea.st VGloc:i.ty held the most f:!.sh, and 

the channel with the least depth and gr0·Hi..test 

velocity held the 1eH.st. 

1.rhe f ollow:tng table :i.s a st:rn11ria.1•y of the 

emigration from each channel for a s:tx-duy period 

i:mmed1ately fo11owing the three :int:r.oduetlons. 

The numbers :tn the table Pepresen t the total 

emig·;·•at:l.on over the s:tx-day peri.od and the 

percentages a.re the pEH'cent that these numbers 

reppesent of each release. Hesul ts from the two 

sub-channels have been av era.ged. 

Release of 1,000 fry 
May 2t~ and 25 

Release of 250 fry 
tTune 1 

Helea.se of ~-75 fry 
June 6 

Channel 1 

706 
'71% 

162 
65?1a 

359 
71% 

88 
35% 
322 
68% 

332 
70;1o 
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The .f5,rf:it two :rcJ. eases showed that choxi.nels 

3 and 4 were holding a larger percentage of 

ad di ti onal f lsh than channel 1, but in the thlrd 

re10as<::1 all channels showed about the same 

emlgra.t:t.on rate a.nd this was interpreted to mean 

that the appro.:x:i.ma.te holding capa.oi ty of the 

var:l.ous channels ha.d been reached. For th:t s 

reason no mo:r•e introductions of .fry into the long

term channels will be made for the dura t:t. on of the 

exper:I.m<:mt. 

'rhese data represent the numbers of fry 

remaining in the charmels after emigration, but do 

not takE-l into account the na tur•al morta.li ty occur

ring within the rearing channels. The initial 

holding ca.pad. ty of channel Nos. 1, 3 and 1~. was 

approximately 500, Boo and 1,000 fry, respectively. 

After the :i.n:ltial emigration surge during the 

first two weeks all channels showed a. rap:l.d decline 

in the population level during the latter part of 

,July and most of August. This has been assoclated 

w1:th ris:tng we.ter temperatures. By December, the 

hold:t.ng capacity of channel Nos. 1, 3 and l1. was 

100, 2;)0 and 600 fry, respectively-. 

Preliminary results from studies of bottom 

fauna suggest that a.ltb.ough the fry prefer lower 

velocity and g:r•eater depth, food production ls 



hl,t;::;her i.n. the shallow channe 1 $ as the fry :ln the 

shallow channel ;~row fa~~ ter than those in the 

other two oha.nnels. It would appea1~ that some 

oomb:Lnat:l.on of ·oools and r:LCfles would be the 

:1.dea.1 Pdtuat:lon. Srnolt pr•oduct:ton w:i.11 not be 

known until tb.e sp:i::i.ng of 1963 and final analysis 

of the data collected over the eom:>s0) of the 

e:x.per:lmE.mt cannot be made until then. 

B • 3£1.:.?_~~.:.~ 82~.~--~0.E':..2~.;l.E?~-1:~~ 

One of the rearing channelr~ des:lgnate d as 

channel No. 2 was util:Lzed for sb.ort-term experi

ments. ']~he depth and V(:>loclt;,r conditions in this 

channel are approximately thB same as those in 

channel 3. An inflow of 10 ofs into channel No. 2 

produces a mean velocity o.f 0.6 feet per• second at 

an average depth of 1. 3 feet. 

In:i. ti al s tockl.ng of th:i.s channel was ca:t•rled 

out on May 18, to er:d;ablifJh the appro:x:imate 

stocld.ng dens:l ty :for the 1ong-terrn E:lxperimen ta1 

channels. Purther expe:P:Lmental r:Jtoclking was done 

to examine the behaviour of the fry· upon i~01ease 

under high and low population densi t:ies. A 

compar>ison of tb.e in:i tial holding oa.pac:i. ty of 

shaded and unsh8 .. ded ehanne ls was made. :i~s timates 

of the mor>tali ty r•ate at both h:Lgh and low 

population densities were derived from data 

obtained 1n short ... term e:xpe:d.ments. r:l:'h:ts was done 
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by co:mpar:t.ng the estirna.ted numbe1° px>esent :t.n the 

channel, bai:1ed on em:i.e;rat:Lon and stocklng recordsJI 

with the actual nrnnber })resent determined from 

poisonin5~ and counting tbe entj_:r~) popula t:i.on, 

Hesultr:i so far :from these short-te:r'!n experimentE1 

sugge :::1 t the follow:Ln1:.: 

( 1) 'J~he hj .. gher tho popul at.ion dons l ty, the gre a.ter 

the relatlve number of em:l.gra.nts. 

( 2) Ce:t:>ta:!.n ind:tvidual fr:y havo a tendency to 

m:i.grate downstJ:>eam .lrrespeotive of the 

population density. 

( 3) 'The acld:t t:l.on of overhead shade·' ln tb.o fo:r•m of 

a L1.-foot overhm1g supported .from tb.e centr•e 

wall 22 inches above the water surface a.nd 

extending the full length of the channel did 

not appear to have an a9preclable effect on 

the initial holdin~ capacity. 

(/.1.) When emigration wa.ri allowed to 11 educe the 

population level in the channe1 to.its natural 

holdin1t c apac i. ty, the mo1,ta.li t·y :rate over the 

period ,June to September o.f those f:!. sh 

remaining in the channel, was about 15 percent 

per month. 

(,5) When the population pressure was :l.ncrea.sed by 

lal"'ge introduot:i.ons and re-introductions into 

the channel 9 the mot•tality rate rose to 31 per 

cent per J11onth over the })eriod ,Jul;y· to September. 
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3·2 LOUVEH GUIDING TESTS 

The 1962 1ouvEH' guid.lng tests were the latest 

and probably the last of a se:d.es conducted slnce 1960 to 

establish :lf the louve1 ... pr:tnc t ple would of:f er a st:i. t:tsfac to:i:•y 

means of screcmj_ng the intake of the proposed Stamp IUver 

power development on Vancouve:t:• Island near Alberni, B. 0. 

Among tb.e sever•al difficult flsheJ'.'i es protection 

pr•oblems posed by the Sta.mp FU.ver development, which was 

p1•oposed :l.n 1956 h,y- B. C. Hydro JI was the so1 ... een:lng o:f.' the 
' 2Jl200 cfs power 1.ntake to prevent the entry of downstream 

m:lgrant sockeye and coho sa]Jnon smol ts emlg1•a tlng from 

Grea. t Central I~ake. E.xperlence in test:tng the louver 

de flee tor at the Puntledge Hlve1" near C ourtena.y, Vancouver 

Island from 19.57 to 1959 indicated the need to test louvers 

under the physical con.cu tions and with the species of flsh 

wh:lch would occu1" at the slte for which they arE.1 proposed. 

Hence 9 a large e.xper:i.monta.1 test flume was constructt:id on 

Robertson Creek, a. secondary outlet of Grer::i.t Central Lake 

where natural mi.gJ:ant sockeye and coho smol ts would be 

available for testing. The flume was built during 1959 and 

early 1960 a.ta cost of *7.5',000 9 and p:t"eliminary tests were 

conducted during the spring of 1960. 

The results of the pJ:el:lminary 1960 tests served 

as a basis for the des:lgn of a thorough testing program 

during the 1961 smolt migra.ti.on. The results o:r tbe 1961 

tests showed that the louver pr:l.nciple was successful ln 



gv.icUng up to 99 peroen t: of the sookeye smol ts jl and better 

than 96 percent of tho coho smolts, at Robertson Creek. 

rrhe da. ta. cl0arl y pointed out that the full guiding po ten ti al 

could be realized only by providing an adequate bypass. 

Under the cond:ltions tested in 1961, a bypass width of at 

least 18 inches was indicated. 

The main ob,1ec ti ve of the 1962 tests was to 

determine the fea.s:i.bil1. ty of the V-type centre bypass shared 

by two lines of' louvers. This type of bypass, if successful, 

would greatly reduce the quantity of bypass water required 

by a prototype louver :tnsta.lla.tlon. The apparatus was 

designed and constructed to test the following variables: 

bypass width, bypass a.ceele:ration, approach velocity and 

cent1"e wall pos 1. t:ton. The accompanying figures show a 

dia.gra.:mms.t:tc plan of the test setup and a. photog1 ... a.ph of a 

test of a V-louve:r without a. centre dividlng wall. 

F'-'l=ow~--- 0 
"' 

"Vee" louver line 

150·0' 

~- ~.Q.'._<1p_pr ox 

Adjustable width centre bypass 
width variable from 6

11 
to 4'·4" 

Removable centre wolf 

Opera t1no building · ( .. . ....., 
L. 

Diagrammatic plan of 1962 louver test arrangement. 

•. 
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The 1962 louver . studies -were conducted in the 

test flume from April 16 to June J •. A total of 91,600 

sockeye smolts, 20,100 coho smolts, 86,200 coho fry, and 

76,000 chinook fry migrated naturally through the test 

flume over the 44-day test period. Sockeye and coho smolts 

reacted well to the V-louver array. With:.a 12-inch wide 

bypass shared by two louve.r lines, 92 percent of the sockeye 

smolts arid 85 to 89 percent of the coho smolts were 

successfully deflected into the bypass at approach veloci

ties ranging from 2.5 to 3.4 feet per second. 

Test of V-louvers with 12-inch bypass and no centre divider 
· wall. 
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Du:r.ine; these tests 9 the velocity of the water entering the 

bypass was maintained at l .3l~ times the average approach 

veloci t-y. The behavlour of the sockeye and coho smol ts 

exposed to a single louver line only was observed to be 

similar to that of previous years. It was found that a 

centre dividing wall was not required foJ:> sockeye and con.o 

smolts. 

Chinook and coho fry migrants, progeny of the 

natural spawning of adults transplanted to the Robertson 

Creek spa:wning channel :i.n the fall of 1961; provided data 

on the guiding success of louvers with these two species. 

The efficiencies for coho fry ranged from 1$' to 36 percent, 

which i"s much too low for pl"ac tica1 gu:td.ing purposes. 

Ohinook fry ef flcienoies ranged from 52 to 77 percent and 

in ·general tended to subs ta.ntiate the results of the 

1957-59 Puntledge louver tests. The necessity ~or providing 

a. centre wall for successful guiding o.r ohinook friy with a 

V-louver arrangement was indicated. 

Visua.l observations suggested that coho and 

chinook fry tended to favour the walls of the flume as they 

moved downstream. It was felt that if this tendency wa.s 

exploited, a. gain in guiding efficiency might be realized. 

Therefore, a series of tests for fry were performed uslng 

a single line louver arrangement guiding to a bypass along 

one wall. This arrangement also.provided information on 

the guiding success of a 100-foot louver line on chinook 
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fey. Up to this time, only a .50-foot array had been tested. 

Below is a gross Sl..unmary of the range of guiding effid.en

o:tes obtaJ.ned with the two diff'er•ent louver ar1"angemen ts~ 

50 :.££9..~-V -.1.~~~ r~ 100-foot Single Line _.._..,.., .... _.,. ____ ,,r __ _.. 

Coho fry 15 to 36;~ 17 to 51% 

Chinook fry 52 to 79% 53 to 88% 
----· _.,.. ... __ ......., _______ ..,..., .. ,, ____ ... _""'_,, _ _,,...,,, ______ .. __ ._. -------... --

The 1962 tests with ch:l.nook fry were useful in 

confi!'n;l.ing the earlier results wlth this species at the 

Puntledge River test flu.me. 'l.1here is still considerable 

room for improyement i:n the guiding effic:tencies for chinook 

fry, and further work :tn. the .future appears desirable. 

The passive behavioural response of downstream 

displaced coho fry to louvers leads one to suspect that a 

louver is most effective with fish having an active 

downstream migt'a.tory urge. Howeve:r.j further work on coho 

fey is :tndioated, partiou1a.rly with much higher bypass 

accelerations~ befove the possibility of guiding th.L9 

apeoies with louvers is discarded. 

The louver lnves tiga. t:lons have now a.dvanc eel to 

the point where sufficient information e:.ld.sts to enable a 

louver system to be designed to screen sockeye and coho 

sm.olts a.t the proposed Stamp R:tver Development intake. If 

and when these facilities are designed, there may be need 

for further tests to a.ssess any speo:ta.l design modifica. tions. 

It appears that no more than one further testing season 
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would be required for these speci a.l tests :i.f plans for· the 

development proceed. 

In general, it appears that future r0 sea1•ch with 

louver guiding should be concerned m.a1n1y with testing o.f 

improvements to the bypa.irn. Work of this type would be 

especially p:r.a.otioal since the bypass problem is connnon to 

all types a f guiding and ~rnreen ing devio es. 

GHENr. CENTHA.L LAKE SOCK.l:I;Yg B~9~ACH SPAW1'1'ING S'rtTDIES 
-~--....... ....-.. -.................... _____ _..__._ .. ,,_,._ ..... _._,.._ ........... ~~··,....,~-·-----...... --

Great Central Lake is situated at the headwaters 

of the Stamp n:1.v~~r, a t:r.i buta.ry of the Samas s Hiver whl ch 

dlscl".l.ar(Ses into tho head of Alberni Inlet on the southwest 

coast of Vancouver Island, British Columb:ta. 'rhe lake is 

2L~ mil.es long wl th e. maximum width of approx irna tely 1. 5 miles • 

In November j 1955 the British C olu.mbia Power 

Commission p:r•esr;mted the Department ~th a. brlef ou tl:ln:i.ng 

a proposed development of the hyd:r.oel ec tr:tc potential of the 

Somass Hiver system. Among the complex of f:lsher:tes problemB 

associated with this proposa.1 were the poss1.ble effects of 

cons ld0ra.bly inc l"'eased storage levels in Great Central Ii1ake 

on the spawning success of the sockeye which spawn predom-

inantly in the lake. Initial surveys were d:lrected toward 

determining the timing, dist:dbution and reJ:a.tlve density 

of spawning populations. Subsequently, observations of 

behaviour together with measurements of the physical 

environment were undertaken. 
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Since 1956, the sockeye escapement into Great 

Gentral Lake has been established by fi.shway counts a.t the 

lake outlet. 

In 1956, the EJO()keye escapement to rJrea.t Oent1•al 

Lake was the lowest on record. Despite considerable effort 

spent :ln pa.trolling the la.keshore and ti"i butary s tree.ms, no 

clea.r 1nd1oat:ton of tbe spawning distribut:ton was forth

coming. 

In 1957, approximately 90,000 sockeye entered the 

lake through the flshway at the lake exit. One percent of 

this nurr1ber was obse1 ... ved sp.9.wning :!.n streams tributary to 

the lake, the remainder wei->r:) found to be u tl lizing port:tons 

of the lake per•:tphery. The water is clear and, weather 

permitting, v:ts:t.b:l.li ty :i.s good to i:a. depth of 20 feet. Less 

than ten percent of the lake spawn:tng popula.t:i.on could be 

accounted for~ despite repeated visual observations from 

boa.tsf helicopter and beach towers. 

Accordingly, professional SCUBA divers were 

engaged to e:irn.mine se1E-)Cted areas whEn-•e tb.e incidence of 

jumping indicated the pres<:ince of numbers of fish beyond 

the lim:tt o:f' surface observation. Li.mited examinatlon 

revealed the pre sance of large numbers of spawn1.ng s ockeye 

utilizing the gravels of submerged alluvial· fans. Evidence 

of redd d:lgging was recorded at depths in excess of seventy 

feet. 

As a i•esult of these observations, a. consulting 
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gE;iologis t was commls s:i. oned to undertake a. geological survey 

of the beach spawn:tng are as :i.n August 11 19_58. His :report 

presented the following physical description of the 

alluvial fans together• with a brie .f outline of the mechanics 

of groundwater flow. 

11 ~rhe deltas a.re typ:tc al :i.n all re spec ts (See accompany

ing diagram). All have been bull t on an h.,regula.r 

surface of bedl:'ook and/or glacial till since the last 

glaciation about 10,000 years ago, by relatively small 

streams which flow a.cross them from dra:tnage basins a 

few square miles in extent. Surface g1"adients and 

parUcle sizes 1.n the fans bu.:tl t a.hove lake level have 

been :tnfluenced not only by the size and gradients of 

the streams, but 11lso by the availability of the · 

various sizes of detritus. Forestl'7 Camp Greek (the 

beach. subsequently cb.osen for study), has the h:tgb.est 

stream gradient; and the steepest, ooa:rses t, most 

aotively~built fan. 

Di agra.mma tic section of a.J.luv:ta.1 fan showing ground water 
percolation in homogeneous saturated fans. 
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Movement of stream. water beneath the surface of the 

fans :1.s seJ.f ... eviden t. All the streams examined, with 

the exception of Lowry C:t>eek, disappeared beneath the 

gl"'avel shortly after reaob.:i.ng their fans, ther•e by 

discharging (at this date) somethlng :t.n ·the 011der of 

one to four cubic feet per second into the deltas. 

·The rate of subsurface flow is dependent upon two 

fa.a tors j viz., the penneabi11. t·y of' the gravel and the 

slor'e of the water table. Grairel permeablli ty al though 
' 

doubtless h:lghly var:i.able w:t th.in any given alluvial 

fan, should ma.:i.ntain a near constant value fol"' the 

fan as a. whole. Thus, the ra. te of ground water 

discharge from the face of the fan is directly 

dependent upon the. slope of· the water table~ which 

varies C!il"eotly with the degree of saturation of the 

fane Fan saturat:i.on, in turn, is ·dependent upon the 

volume contribution of the associated surface stream 

and prec:t pi ta ti on. It is there fore pos s:i.ble that 

seasonal fluctuations in runoff and precipitation will 

be reflected by oha.nges in rate of fan cUsoharge and 

thus the rate of wa.ter exchange l'Waila.ble to :t.ncubating 

eggs buried in the gravel of the fan face." 

In the fall of 195£3, a more :t.nten13ive study of 

the physical oha.:r•a.oteristics of the spawning beaches and the 

behaviour of spawning populations was undertaken. The 

results of the initial surveys indicated that the proposed 
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sampling and observat:tons would lH1 con.fined to depths 

aocesslble only· to SCUBA··equtpped divers and that the 

distribution and size of the ma.jar spawn:tnc; beaches 

predj.sposed the selec~t5.on of a r.d.ngle beach for study. 

S:tnce the alluvial fans are geologically similar, 

the choice of a "study" beach was predicated by secondary 

consiclerf:i.tlons. Foresh"y Cronp Beach was chosen because it 

suppol"ts a. s izeal-')le spawn:J.ng popul F.l.t:lon, and :i. t is re a.d:lly 

a.coesslble and l"elatively close to densely populated 

L:tndsey Bea.ch and t;he rarely util:l.zed ( a.typ:lca.1) delta of' 

!Jowry Creek. 

r11he subaqueous po:r'tion of the F'orestry Camp 

alluvial fan was found, :tn 1957, to extend 1,300 f'eet ea.st 

and 800 feet wes"t of the creek :mouth. ~~o prov:i.de for the 

possibility of' spawning fish beyond the 70 ... foot depth limit 

t I "l r.:',.. 't ~ j 1 1 t b tt i, ld repor ed :1.n .1.9,, 7, l was cteo .. dec t.J.a. · o serva. · on.s S.tlOU 

be extended to 100 feet. The avera.ge d:ls ta.nee from shore~ 

line to this deptb. is 225 feet. rrhese dimen.s ions represent 

a total area of 535,000 square feet or about 12.3 acres. 

A grid of permanent unde:r•water markers proved indi.spensable 

in guiding the underwater observer and facil:i.tated 

record:i.ng and plotting information. 

In 1958 and 1959 9 the majority of· the underwater 

sampling and observations were made by professional divers. 

Since 1960, the underwater work has been assumed by 

Departmental employees. 
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It ls ~enerally accepted that sockeye salmon 

return to thwlr• parent stream to spawn. r:I1he1:>e :Ls some 

ev:l.dence to lndica te that the lr abil:i.ty to re co gni ze a. 

speclf'ic freshvrn.te1" som:-ce b:f means of lts chendcal 

constituents (olfactor(r percept:ton) plays a l1ignifica.nt 

role in gu:i.d:tng or attr·a.ct:i.ng them to their home str·erun. 

Initial surveys E:istab1:t:::ihed that Great CE:mtr•al sockeye 

11home" to several d:Urnre te brrn.ch spawn:tng areas. Assuming 

that olfactory perceptlon enables tb.0111 to do so 11 it is 

reasonable to further assume that cholce of in.d:t vldual 

spnw.n:tng location 111a.y be determined by the presence of 

groundwater emtsslons and that in a glven area spawning 

lntenslty :ls ln d.irect proportion to the ·vc)lume of outflow. 

To permit assessment of n. possi. ble coJ:>rela.tion between 

vo'lume of outflow and spawn:i.ng intensity 9 :tn a.dcU ti on to 

recording the tlmlng and estlmating the siz,e of the 

spawn:tng population 9 pe!':1.ocUc underwater examinat:.ton of the 

study area was unde:rtalrnn. rrhe numbel" of fish seen, and 

their location, behav:lour and posi t:ton in reJ.ation to the 

lake bottom were recorded, Suspected redd sites were 

e.:irnmlned and distlnctively marked when eggs were found in 

the gravel. 

The .9urvi va.1 of salmon eggs developlng in 

hatchery troughs or bur•:!. eel ln the gravel 1 s contingent upon 

their receiving a near-continuously renewed water supply. 

The establ:t.shm.ent of a sizeable sockeye beach spawn:tng 
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pppulation in Great Central Lake indlcntes that incubation 

condi t:t ons in the rJpawning areas a.re gen erial ly s a ti sfac tory· . 

Sampling procedures were directed toward de tee t:lng the 

presenoe of groundwater flow ln the areas where spa:wning 

took place and deten11:tn:tng some of its physical cbtl:r.'acter

is tic a j The apparent origin of Great Central Lake alluvial 

fan groundwater suggests that :t.t may be cha.ra.cte:d .. zed by a 

lower dlssolved oxygen and a h:tghe:r. d:tssolved salt content 

than surrounding lake water and that :t t may e:xhibit slight 

seasonal variat1.on :l.n tempera.tu:t:1 e compared w:!.th that 

lnvol V(~d ln the suinmer s tra tlfioat:lon wl th:tn the lake. It 

was thus evident that cons :ts tent temperature or water 

qual:I. ty diff'eren ti als between ov·eJ:>lying lake wa.tEn1 and 

suspected g1•oundwa.ter would confirrn the presence of the 

latte:r>. Acco l"dingJ;y, pa.:t :r>ed intra.gravel and above-gravel 

water samples and temper•ature read:i.ngs were ta.ken at redd and 

non-redd s l tes th11 oughou t the spaw:n:tng and :tncuba ti on per:lod. 

~~he latter were compared with identical :m.ea.sure:ments taken 

at a 11 non ... seepage 11 control station oonsist1ng of a. 5 x ~~ x 3-

foot open topped box, buried to a dopth of 1. 5 feet in the 

spawning ai"ea and filled to lake bottom contour with "beach 

It 1 run grave • Iiake water tempeJ:iatures :recorded at two-foot 

intervals to a depth of 100 f'eet were s ecuped regular•ly. 

Gravel samples were taken at a number of redd and non-1•edd 

locations. Measurements of pressure differentials due to 

outflowing groundwater were undertaken using a modified 
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W:lclrntt-~r.rehune Ma.Pk yJf (lake) standp:i.pe. 

A measure of spawning success (egg retention) was 

obtained through e:xrun.:i.nation of spawned ... out dead. Survlval 

of eggs na tu1:-al 1.y deyJos 1 ted in the spawning are as was 

assessed by meanr~ of retr1evable gPeen or eyed-egg 11 basket 11 

plants, at redd, non-redd and control locations. At 

various sta.gt'.ls of development the baskets were r•emoved from 

the gravel. rrhe method of analysis· consisted of a count of 

dead egGs, live eggs, dead alevins, live alevins and 
' 

assoo1.ated macrofa.una. Evidence of p1,edat1on and scavenging 

was al.so :t'ecoJ?ded. "Standard" eyed-egg plants were planted, 

removed and analyzed as described above. 

In the event that the na tura.1 spawn:l.ng beacbe.rn 

would be rendered unsuitable by the proposed increase in 

lake storage, perpe tua t:ton of the existing beach spawnlng 

popu1a.t1ons would be cont:tngent upon provldine; suitable 

artificial spawninc; areas. Accordingly an artificial 

spawning bee.ch was :tnsta11ed on the ::Jtudy beach prior to 

the 1960 spawning season. The beach, extend:lng from five 

to 50 feet in d<?pth, was located in an area reportedly 

utiLtzed by spmATnine fish. .ii;ssent:tally :tt oonslstdd of a 

50 .x 100-foot gr:l.d of pe:i:•foratecl plastlc pip(-! ove:rla.in by 

12 to 18 :tnches o.f graded rivet' gravel. Intragravel water 

was supplied at a rate of 55 gallons per minute (0.01 gal/ 

sq. ft/min) by pipeline from the stream servicing the 

alluvial fan. 

In order to assesB the effect of elimination of 



g:i;'oundwater• flow on the behaviour and spawning suc.cess of 

the sockeye populatlon ut:l.l:tz:l.ng tb.e study beach and p1~ovide 

ad.di tional informR. ti on on the ef .fec ti vene.:is of the art:l f:t

cial beach in terms of attraction and spo.wning success, a. 

da.m was constructed at the ape:x of the al1uvlal fan :i.n 1961. 

It incorporated outlet works connected to a pipel:i.ne whlch 

assured passage of all but peak st:r•en.m flows cllrectly to the 

lake shore. Once in operation, the d~1 and pipeline 

effectively eliminated the major source of groundwater 

servicing the natural beach spawning area. The area ls 

thereafter referred to as the "modifled" natural bee.oh. 

Go-tncidenta.J. w:i.th dam constructlon, a numbe1~ of 

holes ware drilled in the alluvial fan between the lake 

shore and the fan apex. They extended to a depth well 

beyond the existing wa.te:t:> to.ble. Fitted wi. th perforated 

two-inch dlame ter p:l.pe they provi.ded s tat:t ons at wb ich 

water table hei. gh t could be mcHw1u•0d, g1"oundwa tar tempera

tures recorded ancl, pending development of sui. ta.hle 

instrtunentat:i.on, sarnp1es of subsurface water could be 

secured for analysis. Precipitation and lake level 

recorders were al~o installed. 

To provide a relatively small area devoid of 

groundwater flow in whlch the phys1.ca.l characterlstics could 

be effectively measured a.nd upon whicb. spawning behaviour 

could be readily observed, a larger non-seepage control 

"box" (hereaf~e1" referred to as a "false beach") was 
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installed in a high :i.ntenslty spawning area on the nearby 

Llndsey Creek alluvial fan in 1962. It comd.sts of a 

20 :x 20 x 2.)-foot open-·topped PVC plr.-\stic "box" burled to 

a depth of !-l.pp1~0.x:lmately two feet in tht-} fH:ilected ar•ea and 

filled to lake bottom contour• w1th 11 on si·be" gravel. 

The bulk of the Groat Oent:r.a.1 Lake sockeye 

spawntng migr•ation commonly enter•s the lake between late 

June and early August. Period.le diving obsevva.t::t.ons in. 

the beach areas· durlng the summer months have estn.blished 

their presence) in cons:l.derable numbers as early as July ll~th. 

Spa.wn:i.ng oom:mences in late SeptembE-)!' 9 peaks between mid-

Oo tober and ea:rly November• and 1 s nearing completion by 

monthts end. 

Observations have established that a chronological 

succession of five behaviour activities occurs, dating from 

the first a.pptSaranoe of numbers of spawners in the beach 

area to complet:ton of spawning and death. The flsh are 

first observed traversing the spawn:t.ng area in schools 

(~ui.sifl:~). Their movement ls directed parallel to the 

beach front and a vertlcal distance above lake bottom 1.n 

excess of 20 feet ts usually maintained. By early 

September smaller groups are ob8erved somewhat aimlessly 

(mi1).ip~) in relatively confined areas, five to ten feet 

above lake bottom. iiJhen approached they disperse readily 

as a group or school. Pr1.or to the a.ppea.rance of spawnlng 

behaviour, the f:lsh move to wlthin a. few feet of bottom, 
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re,duce thc::i scope of rm1c1om movements, are more readlly 

approached and ara less disposed to school whsn dispersed. 

'I1he:lr actlvlty at th:.l:': tlme has been rleslgnated as £9_~5~.1!~.6.· 

Spawn:!.ng behav:l.our :Ls evl denc(3d by courtsh:tp and te:rri tor:te.1 _ ..... ~-.~-~--.. ~· 

.ac ti vi ty togethe:t• with ev:l.dence and observatlon of :redd 

oonstruct:i.on. Post-spawnlng act.iv:t ty P apa.1.,t; from r.1edd 

defense, occasj.onal1y tnvolves :more or less d:i.rected~ 11011.-

loc all zed moveJnen t (.::!.,~~~:-~..!'-i..E~.e;) by incl:l vi duals and smal J. 

groups (predominantly males). 

Unde1" na.ture.J. condl t:tons re la ti ve spa.tming 

intens:l.ty (number of spaHne.rs per unit of area) :.tn any 

locality did not flue tua°b(? widely from. year to year. In a 

single instance a preferred area in the vicinity of the 

cr~Jek mouth was apparently i:•enderecl i.mrm:t table by an extra

ordinary depor.!i tion of silt and det:r.,:t.tu.s occasi.oned by 

w:tn ter :freshets. Lake water te:mperatu:r.e a.nd depth do not 

appear to :t.nfluence red.cl cLt s tri but ion. Spawning has been 

observed to commence simul tanc~ous ly at temperatures ranging 

from 1.~3° ·to 513°F' and at dep tbs ranging from less than 

20 feet to moJ:>e than 70 feet. Although there ar(:, reliabl.0 

ind:tcations that heavi.ly silted and/or hlghly mobile gravel 

is a.voided by spawn:Lng fl sh, sampling i.ndlc ates that gravel 

composition, wi thln the range availttble, has little 

influence upon the cho:tce of redd slte. 1:'1:10 1im.its of 

gravel size var :la.blll ty are exenrpl:t f ied by two redd s :l te 

samples; the first conta:tning 11 percent b-y welght smaller 
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than l/t1. :lnch and the second 51.1. percent by we:l gh. t smallel'.' 

than 1/l.~ :tnch, 

Pollow:tnc :lns tall a t:i.on of the ar•ti f:l.oi a 1 beach ln 

1960, there was a notable :lncl'ea;:ie :ln spawn:i.ng :tntenr:d.ty ".in 

the a.1"'t:lf:i.c:i.a1. beach area despite a 30 percent reduct-ton in 

total escapement. 

Conwtruction of' the dam r:tt the fan ape.x· pJ:'io1~ to 

the 1961 spaw:nlng season, coupled w:t th an e.xt;ended 1'a1nless 

period, resulted in a pJ:'onounced re due ti.on :l.n wa. ter table 

level a.s :ind:lc a.te d hy drt 11 ho1e measure men t.~3. r:I1h1-3 r•esul t·~ 

:.:mt l:"edu.ction (01~ eLtmtnat:lon) of groundwater flow tr1 the 

natural spav-r.ning_ a:rea was apparently reflected by ~ notable 

departure .f'1"0111 prev:tous1y olxrnr>ved holding and spawnlng 

distr:lbution. Desp:tte a twofold increa.se :ln spawnlng 

esaapement, compared with 1960, periodic counts in 1961 

:t.nd:tca te a 60 percent re due tlon in the spawning population 

on the "modified 11 na tux•al b r:rn.ch. ':Phis contras ts ::.~harply 

w:t tr.t ru1 lndloated fivefold lneriea~1e :tn the f.'!pawn:i.ng 

population utilizing the artificial beach. 

Al thougb. numbers of hold:tng and m:i.J..li.ng fish had 

been cons :ls ten tly observed ln tlrn fa1 se beacb. area, no 

obsorva. tions of spawn:!.ng behaviour were reported. However, 

post-spawning e:xam:tnation of the fa1se beach revealed the 

presence of at least five definitive redds containing ltving 

eggs. 

'l1empera ture d:t:fferenees between subgravel and 
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aboye-gravel water at natural redd sites varied between 

zero and 20°F1. Pos it:i.ve different:t als ( grounawa. ter cooler 

than lakE' water) recorded dur•:tng spawning e.nd early incuba.

t:ton d:lmin:ished as the overlying lake water progressively 

cooled and groundwater temperaturc~~s rema:tned l"'ela. ti'veJ.y 

constant. Iiess pronounced ~.~.~tive differentials (ground

water wa.rmer than. lake water) were recorded on several 

inshore redds throughout the late spawning and lncuba ti on 

pe1~iod a.nd occasi ona.lly at redd sites in the :tntermedi ate 

depth zone (20 to 40 feet). There was no apparent correla

M.on between groundwater temperature at redd sites and those 

recorded simultaneously at neai"by dril1 holes. Suberavel ... 

above gravel temperature differentials at tbs non-seepage 

control box rarely exceeded one degree. 

Following spawning in 1961 subgravel oxygen levels 

11 a.nged between 9.7 and 10.2 ppm at redd sites located on the 

natural control beaoh at Lindsey Creek, compared w1.th a 

range of t1 .• l to 11. 2 ppm at re dd s:t tes on the "modified" 

study beach. The average above-gravel (lake water) dissolved 

oxygen concent:rat:i.on was 10.8 ppm. Periodic samp11ng at 

redd si ter:i on the mod:lfj.ed beach throughout the remainder of 

the incubation per:tod indicated a progressive increase in 

oxygen values to a low of 9.6 and a high of 1·3·3 ppm. 

Subgravel oxygen values ln the non-seepage cont1,..ol box 

ranged between 1.8 and o.6 ppm. 

During the 1962 spawning and early incubat:.i on 
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per,iod a general increase in subgrave1 oxygen values at 

redd s:i.tr:1s on the "modifled 11 beach was again ev:ldent. 

Rang:l.ng from 1.3 to 8.2 ppm. in tho early :lncubation ped.od 

they l"'ose to a. range of from 2. 7 to 11.l.1. ppm by m:ld·· 

incubation. 

There ls some 1.nd:tca.tion that cholce of' redd slte 

is influenced to s omc~ extent by subgl'.•avel oxygen values . 

In both 1960 and 1961 j a.Peas wh:tch e:xhlbl ted low subg:ravel 

oxygen levels prior .v o:r• subs equ.ent to spawn:!.ng~ were 

characte:r.:lzed by 1.igb.t a.nd/01" delayed spawn:l.ng together 

with positive indloat:i.ons of protracted diggi.n.g a.cM.v:tty 

une.ccompanied by: egg der>os :!. t:ton. 

Subgravel oxygen levels in the artificla.l beach 

rema.lnE)d consistently high (10-11 ppm) from the time of 

installa.tion untll late 1962 at whloh time flow was reduced 

by l+O percent due to obs t1•uci;i ons in the di str:i. button 

system. As a. result 9 available oxygen decreased to 6. L~ ppm. 

Period:tc subgra:vel water sam.ples from the false 

beach revealed relatively high oxygen l<~vels (7.9 to 9.8 ppm) 

thJ~oughou t the three-month spawning and early incubation 

period. Subsequently they diminished rapidly to a low of 

less than one part per million. 

Prelim:tnar-y~ a.na1ys is of' the data :lndic ates that a 

posi t:tve co1"relation between dri.11 hole measurements 

ind1.cating water table he:l.ght, and amount of groundN·ater 

movement as indicated by subgravel oxygen levels a.t redd 
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slte.s is not attalnablo at the ::iampllng and mon:l.toP:i.ng 

intensity applied. 

The :.:rnawn:l.ng gravel compos :L t:Lon as deterrn:i.ned from 

averaging the results of t~1 redd ru1c1 non-redd samples may be 

generally described by the following statistics. 

Hedds - Mean value by weight passing 0.187-·l:n.ch mesh - 7% 

0.75 -inch mesh - 41% 
2.0 -inch mesh - Bo% 

Non-Hedds, ... Mean value by weight pass:lng 0.187-lnoh mesh - 22% 

0.75 -inch mesh - 48% 
2. 0 ~·inch mesh - 97% 

Subgravel-above gravel water qua.li ty cUfferent:l.als 

as indicated by dissolved solids content were found to be of 

equal ma.gn:itude at control box and redd sltes. 

To date standpipe measurements in areas of suspected 

outflow have failed to yield oonsi.stent refJUlts. 

Exnminat:ton of ca.r•casses found on the beach and 

l''etrieved from the lake bottom revealed tha.t 98 percent of 

the toti.1.l egg po ten tla.l was success fully depos:l ted. 

Surv:lval of both green and eyed eggs at r•edd s:ltes 

in the study area prlo1" to groundwater> divers:lon, .and at the 

na.tura.l beach at Lindsey C:reek x•anged between· 81 and 100 per 

oento There was no apparent co1~x·elatlon between survival 

and gravel coropos i ti on or degree of sil tat:lon. IDggs planted 

at redd sites in the study area f'ollow:lne; diversion of the 
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groundwater sourice have exh:tbited s1:trv:i.va1s rang:tng fl"om s:tx 

to 100 percent. 'rhe surv:tval of both green and eyed eggs 

annually planted in the artlfic:l.a.l beach was cons:t.stently in 

excess of 9S percent pr:l.or to 1962 wben the flow became 

reduced. The indicated survival resulting from a sin~le 

green egg plant ln 1962 was 60 percent. Green and eyed egg 

plants :1.n the false beach resulted in a.n average surv:tval of 

three percent; those placed in the control box su.ffered 

complete n1ortallty. Preliminary analys:l.s :i.nd:Loates that a 

reliable correlation exists between subgravel dissolved 

oxygen concentration and survlval. In add:l t:ton, th<0 lower 

lim:!. ts of oxygen t;olera.nces at rrnveral stages of development 

are indicated. 

The role of :i .. nvertebra.te pre da to:r•s in decreasing 

the potential survl val of' eggs buric7)d :tn the gravel is 

difficult t,o assess. Careful exa.mina.tion of ba13ket plant 

contents ha1:1 provided cons:tderable t::ividence of dead egg 

consumption (sca.venglng), and a single record of active 

predat:loh, by free Llving flatworms. Insect lax•vae are much 

less numerous; no evidence of pT.'E.idation and few :i .. ndicat:tons 

of scavenging are on record. 

3 .4 fill~flQ!IC FI~'?,.H-C0_1]N'l1EB: 

In 1962, the Departmentts M.arit:trnes Area. enlisted 

the services o:f this Bra.nob ln the des:lgn and ins tall.a t:i. on 

of an electron:tc f:lsh-counter for the enumeratj_on of the 

AtlaD'bic Salmon, Shad, Gaspe1~eau and Speckled Trout which 
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utiJize the upstream-rn:i.erant .faell:i.tles at the Beechwood 

hydroelectr:.tc deve1opment on tho Saint cTohn Hiver :in Now 

Brunswlck. The development of ~i. su:L table c1 ~;vice was 

sev'erely h:t.nclered by the e:xcerrntve turb:t.dlty of the r:tver 

and the fao t that only the four least nurnerouf:1 of the more 

than 20 species of fish utilizing the system were to be 

counted; but these problems were largely overcome by an 

arrangement con.s.i.st:tng of a ca.m.era unl t and an electronic 

counter whlch was capa.ble of photogra:ph:tng every flsh, o:r• 

every ''nth" f:tsh, passlng through a counting tunnel. 

The Depa.Ptment had not previously employed an 

electronic counter for the purposes of a biological investi

gat:ton and when it was found that suitable lnstruments we:N~ 

not available on the commercial market 9 two model "Y" 

counters, wh:l.ch formed the nucleus of the ult:i.mate :t.nstalla.

t:ton at Beechwood, w~re bo1':t'OWE)d from the Sen.ttJ.e office of 

the U. S. Bureau of Gom.mePci.al F:l.sher:tes. A Vancouver 

consul ting engineer:i.ng firm was commisslone d to des:tgn and 

construct two ca.meJ:>a-control un:l. ts each of whlch is 

designed to tr:tgger a camera and electronic flash ea.ob. time 

a fish ascends through the counting· tunnel. Two submersible 

photo-counting uni t::i, employlng 35' mm Sha.clanan MK3 Auto 

cameras, were designed to photograph a s:tde v-iew of' the 

entire fish as it cleared the upper end of the counting 

tunnel. The cameras were located at a distance of approxi

mately four feet from the tunnel, and because the turbidity 



of ·~;he river was such that good-qua.11.ty photog1",1J..phy was not 

possible at this range, a water-tlght funnel, filled with 

clear water' was ins tallod be two en the cameria and tho exi. t 

fi->om the count:ing tunnel. 

Under the superv:!.sion of an englneer f1•om this 

Branch these count:lng un:itr:i were lnstalled at the Beechwood 

site in m:ld-June. Sc1'eened leads 9 erected in the six-foot 

wide fishwa.y, gu:lded the upstream migrants to the counting 

tunnels, which were located along with the carnera. uni1;s, 

at a depth of 12 feet when j_n operating pos1.tion. 

Bach camera. had a. 300-frame film magazlne, which 

provided adeqtu1.te capaclty for an enti1•e day's operation. 

It was arN1ne;ed therefore that the complete counting rm:i.t 

would be holsted out of the f'lshwa.y each day :i.n order to 

recharge the film magazines a.nd perform any other necessary 

servicing of the equipment0 After processing, the exposed 

films were projected onto a screen for identification and 

enumeration of the incHvidual fish ascending through the 

structure. After the gear ha.cl been thoroughly tested an 

operational proceduI•e was developed before the Maritimes 

Area s ta.ff as sum.ed responsi bi.11 ty for the operation of the 

counters. 

As with alJ. new dev:i.ces, several un-foreseeable 

probleme arose :i.n connec tlon wl th the operation of the 

Beechwood counters in 1962. The most noteworthy of these 

were: 
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(1) Th(~ lamprey tend to rest :i.n the tunnel for 

long periods of ti.me, thereby rendering the 

counter lnoperatlve. In the llght of further> 

study 11 however, :i. t :ts now considered that th1.s 

problem can be solved by a shock I'elay system 

wh:i.ch would be activated at p:redeter•mined 

interval~1 by an J.mbala.nce of the tunnel bridge. 

( 2) The J.aJ:>ge numbers of elvers mig:ra ting upstream 

had a tendency to travel close to the sides of 

the tunnel where tbe electrical fleld ls 

s h•onger 9 and :tt was a.:tffioul t to tune them 

out wl thou t lowering the mld·~tunnel sen.sl.i t:tvi ty 

to an. 1.m.des:l.1"ahle level. It is now thought 

that this problem can be overcome in future by 

the creation of a transverse field in place of 

the longitudinal f:i.eld employed in 1962. 

( 3) Certain of the eJ.ectrlca.1 components, pa.1"ticu

larly cable oorm.c?o tions t p:r•oved. to be unsu.i table 

for the continuous submergence. Efforts are 

being made to develop suitable replacements for 

these. 

While the pr:l.nclples of the photograph:lc technique 

employed in the Beechwood counter operation lTHve been known 

for a number of yea.rs 1 lt consistutes the f:t.rst known a.;ipli

ca. tion of these princlples. Opera ti on of this counter" in 

1.962 ha.s clearly shown that l t can be employed as a useful 
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tooJ. in biological investiga.t:lons, and there is no doubt 

tha. t the weal th of experience so gained will result ln the 

development of more refined devices in future. 

3. 5 EI~UAS_gA~.H~~~Q}I HYDH!qJ-,I9 TURBINJ~S 

The subject of fish passage through hydraulic 

turbines was thoroughly· J:>evlewed by the Branch during 1962. 

While there is no pre ss:tng need for solutions to the problem 

of f.i.sh mo:r.tali ty in turbines, the long-term outlook 

dictates the propr1.ety of obtaining further knowledge of the 

problem and of keeplng a.breast of similar research being 

conducted elsewhere in the world. 

There are three types of situations where further 

knowledge of the problem of fish passage through hydraulic 

turh:tnes has application. First is the case where the fish 

mortality at an existing hydroelectric plant may be min.imized 

by mod:t fying turbine ope1~ating prac t:tces (e.g. Seton Creek, 

Wh:ttehorse Hapids, Puntledge River~ Tobique a.nd Beechwood)~ 

Second is where total screening of a large power intake is 

economically a.nd technically infeasible, a.nd :t.f the project 

went ahead despite the f:i.sherles problem, a turb:lne des:tgn 

to minim:lze fish losses could be used (e.g. Grand Canyon 

site on upper I~raser, Moricetown Falls on the- Bulkley, 

proposed Sa:lnt ,Tohn Hiver sites). The third s:t.tuation is 

where screening at a proposed power lntake is possible 9 but 

it ma.y be far more econom:lcal to lnsta.11 a turbine especially 

designed to safeguard f:i.sh at least as effect.ively as a 
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scr~en (e.g. proposed :Jtam.p Hiver plant). 

The need for a report to review the field of fish 

passage th:r•ough turbines ha.s been felt fo1~ some tlme. In 

'~arly 1962 9 Engineer IL C. Luc as of th ls Bl"anch prep a.red a 

paper entitled .1:fi~~~~lt~.1-_to_fl...s}:i. :ea13_sing .~J:i.s.p~:te;.9:._1:.Id:t:•a~]Jc 

tu :rb.J..1).,Q:~ __ .§:.~Ll.' e J.:..~1 t~.9.. . .t.£. .. .9-~!L~~~i-2E~-a;n§__.E~l'..2!~--2 h_a.r_~.£.t~ r :~ 
1 ~~.t...J2t' !.'.~~-~!!:~ cl2._~~.Ge J.-~~Jt~:~~Y .. ~E.~-~~!!....UE~.~~~--~~b.~£ .. _f~o·tpp_~~

Thi s report was wrltten to conform to the for•m and size 

stipulated by the International Assoc:t.f.l.tion for Hydra.ul:tc 

Hesearoh who were sponsors of a Symposlum on Cavitatlon and 

Hyd:i:•a.ulic Ma.ohinery to be held :l.n Sendai, tTapan :tn September, 

1962. A synopsis of the report follows: 

'1The impor·ta.nc e of pJ:>av:t.d::i.ng for s a.fe pas sage of young 
downstrerun m:tgra.nt flsh pa.st proposed hydro-electric 
powe11 ::i.ns ta.11ations t part.icula:rl.y :tn the case of salmon 
in North America., is emphasized. The rate of mortality 

·for va.r:l.ous sped.es and sizes of salmon at hydro .. eleotric 
plan i;s in North Ameri<Ht on which fl sh mar tali ty test 
inform.at::i.on ls avaJ.lable is presented, a.long vti.th 
pertinent observatlons. '11he physfo.al char&-1.ote:ristlos o~' 
the pla.nts and hydraulic turbines (bath F'rancis and 
Ka.plan) wh:toh have been subject to fish mortality tests 
have been tabulated and include data an most of the 
factors which a.r1e bel:I.eved to influE.moe f:tsh mortality 
su.oh as o a.vl ta ti on ( FJ.S :lndica te d by plant l:ligtua, 
specific speed and speed :ra. t:l o) , minimum blade cleara,nces, 
pressure d:i.ffe:i:•Emtlals, etc •. Results of stucHes of the 
effeo t of pressure change, sub-atmospheric pres sure, 
oavi ta.tlon, impact and abrasion on fish are rev1ewed. 
Results of model hyd:r.aulic turb:tne tests, wh:i.ch indlcate 
ca.vi tat:ton, speed and clearances as i.mportant fa.oto:t>s 
governing fish survival, are also reviewed.. The poss l·" 
blli ty of the design of tuJ:>blnes to redu"ce fish mortality 
ls discussed, particularly with reference to ca.vi tat:t.on 
elimination~ In evaluating the economics of a change in 
the design of turbines to pr•ovide for safe :Cish passage, 
the impo11 tance of :tn.o luding the cost of al te1 ... na.ti ve :Ci sh 
screening works is stressed." 
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':t1he Sendal Symposium wa.s the 2nd biennial meeting 

of. the T.AHH 1 s Corn.mi t·bee on Hydraul1.c ML:i.oh:tnery, Equiprnen t 

and Ca.vi.ta.t:ton. Th:ts co:mm.ittee rep1 .. esents n1ost of the 

organizations and la.bor•atories th1 .. oughout the world wh:l.oh 

are engaged in the f1.eld of hydraulic re search related t;o 

turbo-:maohinery. Thus the Sendai meeting was an ideal pla.oe 

to present a :t'eview of the p!'oblem of fish passage through 

turbines and to suggest the o ons ide:ra. ti on of a program of 

hyd:rau.l:to research aimed at establishing design ori te:t>ia 

for turbines whlch would p:t>ovide optimum fish passage. 

The paper was accepted by the IAHR and the Depe.rt

:men t sent the au.thor to .r a.pan to pa.rt:i.. oipa. te in the Sym.pos i.um. 

The presentat1.on was well received and generated cons :i.derabl.e 

disoussd.ono Tho pa.per, together with the discussion and 

author's closure will be published in the Proceedings of. the 

Sendai Sy:mposium 9 pl"eSumab1y early in 1963. 

ti a:i. son wa. s o on t inn.e d dn.r:tn.g the year with the 

U. s. Army Corps of Elnglneers• program of study on fish 

passage through turb:i.nes. IPield tests oonduo ted by the Corps 

a.t Shasta Dam :i.n November, l9t>2 wel"'e :l.nspeoted by a senlor 

engineer of' this Bra.noh and a detailed report was produced 

(unpublished mimeographed report). 

It is likely that the applied reses:roh seoti.on of 

this Bra.nob. w:t.11 in the near future implement a program to 

study certain factors affecting fish mortality in hydra.u11.c 

turbines. This work would be designed to complement studies 
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tr.-i.ldng place elsewhcn1e E:i.nd at the same tlme would be aimed 

at future problems which might a.rlse within the Pacific Area. 

1+. SALMON MANAGElmwr 

In the fall of 1960~ this Branch was given a 

spec:l.fio ass :1.3111Uent :l. n tlw f:t.eld of salmon management when 

it wa.s requested to con duet a study of the oh um sallnon 

st;ooks of the F1l"aser Hlve:r. to deterrnine the fa.oto:t1 s respona

l blE:J for., thelr apparent decl:lne, and to pro vi de :l.nforma ti on 

pert:tnent to management of the stocks through regulation of 

·t:;he fist.H-2ry. 'l1hls lnvestiga.tlon, which was in:l.tiated in 

1960, is still in progress. 

~:he activ:tties of the Branch :1.n the management 

field were expanded. :i.n the spr:i.ng of 1961, when a Salmon 

Ma.nagement Committee, cons is t:l.ng of s evera.1 senio1'1 Depa.:r. t .. 

mental staff m(:imbers, inc 1ucUns the Chief B:lolog:!.s t, was 

formed by the Dlrector, Pa.o:.tfic Area. Under the general 

direction of this committee one b:!.ologlst f11 om the Branch 

wa.s a.ss:tgned to conduct studies rela.ting to salmon manage

menti the first spec:t fie ass:lg:r.unent being that of a.na.1',Y'Zing 

the available data concerning the chum. salmon catch and 

escapement for the ,Johnstone Strait - Gulf of Georgia. -

Fraser· R:lver area., where the total stock had declined by 

1960 to only a. fraction of the pi"e-1955 level despite the 

imposition of severe res ·bric tlons on the c onune1"'cial f:l.shery. 

The contribution of the Br•anoh in 1961 to the Johnstone 
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~)trt;ti t area. included a.n analysis of available chum salmon 

catch and escapement data and subsequent preparation of a 

report describing that initi~. analysis. Moreover, in 1961 

th:ts Branch, for the flrst t:l.mo part:l. clpn. ted :ln the regular 

Departmental field moetlne;s wh:i.ob e.x'e held throughout the 

season to discuss th<:l eur>r•ent sta:tus of' the salmon stacks 

pass:i.ng through the Jobnstone Stri,'ti t a:roa. 

In 1962, the analys:ls of chum salmon data was 

con.t:lnued, and comparable stu.cUes were :l.nit1.a. ted in connec

tion with the pink salmon stocks indigenous to the area. 

Prlor to the commencement of. the com.mere :t a.1 

fishing season in 1962 the st:i.lmon management group of the 

Branch es tab1:l.c3hed an opera.t tons cEm t:re ln the headquarters 

office wh:ich was maintained throughout the season to present 

a.n aocura.te day ... by-da.y picture of the cormn.ercia.l salmon 

ca tohes in eve11y fishery opera.tlnc; on the Br:t ti sh C olumbla 

coast. This centre :!.r:i now known officially as the "Operations 

Hoom". 

In a.dditlon to the d:lPect salmon management 

activlties outlined above~ othel' 1.nvostiga.tions bei.ng 

undertaken by the Branch are contr:t b'ut:tng to this fl eld 

indirectly. For example, the studies currently :i.n progress 

at Owlkeno Lake (See Seot:l.on 2.4 .. 3, Page 119)·9 con.tribute 

the type of data. wh:tch is of material assistance :!.n the 

management of the stock. The mont finite mea.sure being 

recorded at this time ts the relative annual size o.f sockeye 
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smol t production but the long-term a:l.m of the :tnves tigation 

is one of obtaintng a better tmdEn·stand:l.ng o.f the general 

dynami.os of sockeye pJ:>oducticm o.f the system. In its present 

phase 9 the investigation :t13 be:lng directed towa.:rd juvenile 

sockeye and limnological stud:.les and has yet to be expanded 

to include a .f'uJ.1 ... sca.1e a.dul t assessment. 

l~. l F'HASJ!~H HIVB]H CHUM SALMON IJ\TVlTISTIGA'rION _____ .. _ ................. ....._, ____ ................ ____ ,_ .... .. 
A. Methods 

The 1960 adult program cons:i.sted o:f': 

(1) s. purse·-setne operation in the estttary to capture 

chums for tagging. Subsequent recapture of 

these tags would ind:tcate the time of passage 

through the fishery a'.l."ea and would p:t>ov:tde 

evidence of delay and concentration in the 

estuary. 

( 2) a. beach-seine opera ti on ln the vicinity of Glen 

Valley Bar loca.t ed nea:r. the ups tre.9.m li.mi t of 

the commercial f:i.shery. Recovery of tags applied 

at th:i.s locat:lon v.rould (a) in conju.nct:ton with 

dead recovery on the spawning· grounds provide 

the basls for the calculation of a total F'raser 

ruver system escapement; (b) define more closely 

the time of passage of indiv:tdital ra.oes through 

the fishing ar•ea; (c) indicate rate of movement 

from the ta.gging s'lte to arrival on thrJ various 



-191-

spa.wn:i.r1g grounds; and ( d) perhaps indica. te the 

relative daily a.bundanc~e of chum salmon through ... 

out the sea.son. 

(3) tagg:lng and recovery p!'ogrruns on the known major 

spa.wn1ng a:r.Eia.s. Tagging and reoove:r.y programs 

wore oonduc ted on the Oheha.11..9; Ha1"rison, and 

Vedder Rivers tio p:rovlde the basis fol' oalcula

tton of esoapem~rmts to each of the H1d:tvid.ua1 

s tre runs • 

W:t th the e.xoept:t on of the es tua.t'ial pu:rse ... 

seining whloh p:t'oved lm.p:raot:tce.1, the basio p:t"ogra.m 

was rep~ated in 1961 and again in 1962. In 1961
1 

test-fishing by gillnet was introduced at two 

locations, (a) Finn Drift near Steve.ston, to provide 

an ea:t•ly ind:tca t:t on of the ma.gni tucle of the :r.•un 

entering ·the r:t ver, and (b) Yankee Drift nea.r Mission 

to corroborate the va.lue of the Glen Valley seine 

catches &fJ a daily ::l.ndex of abundance. 

In 1962 j the Yankee D:t'ift te st ... fishtng was 

d:tscon tinued and gillne t test-fishing was oonduc ted 

1.n the estuary area as well as at Flnn Dr:l.ft. The 

remainder of the program was con.ducted s.s originally 

established in 1960. 

In the sp!l:tng of 1961 ~ a prog:tirun was designed 

in conjunct:ton with the Inte:imational Pacific .Salmon 

F:tsher:tes 0 onnn:ts s1on to develop equipment suitable 
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for r.'3a.mp1ing downs t1~eam migrant f1"'y a.t M:tss:t on, A 

mobile ~ .. ' :x ~-' 1nclined .. plane trap and a vert:lcal 

sampler .9 capable of fishing to a depth of twelve 

feet, were des:tgned and the sampling results were 

compared w:t th those of s tat:tonary equ1.pment of a 

slmilar· na. ture operated during 1961. 

In 1962, the mobile gear was operated through

out the migrat1on period, and catches so obta.:lned 

were used for• the calcula. t:Lon of an i.nde:x of the 

to ta.1 fry output. 

B.. Results 

(l) Magnitude and distribut1.on of the adult esc~ape-

ments. 

The following table summa.r:t.z es the oaJ.oula ted 

escapements to the to·ba.1 Praser R:t ver sys te:m and 

to the individual spawnlng are as for the yeax•s 

1960 and 1961. Figu1"es g:tven for 1962 are 

prelimlna:r.>y only, and as such a.re sub,ject to 

a.d,iustment a.fter complete ana.lys:ts. 

1rot;a.l System Chehalis Harrison Vedde1" Minor Tr:lb,, Froaser R. 
~~-· _.-2J~?§l..E~pien t__*_ Hi_y~~lli.Y.~._..J11 y~·-· ~:~~~--]'1.a.~_ns ~.P.!!L 

1960 253,780 17~685 51, 80.5 72, 21.~9 183280 93,711 

1961 161.~,155 18,159 20,702 ~.6 ,593 22,239 56 ,l.i.62 

1962 215,,000 15$000 55,000 50,000 20,000 75,000 
--·-.... -··--·-... -..--~-----·-·~1···-.. -............... ~ ........ ---...... 

The total system escapements were ca.1.culateq.. 

on the basis of dead counts conducted on all 
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spawning grounds and the :r•eooVt'.lry of Glen Valley 

tags; the escapements to the Chehalis, Harrison, 

and Vedder Rivers were calculated from tagging and 

recovery programs conducted :ln each a:t'C-H.t; the 

mJ.nor tributary s trea.m.s total was the sum. of 

esoapem.ents to n.11 other st:r•~)a.m.B as est1.mated by 

visual l:t.ve and dernd counts; and the F'raser Hlver 

ma:lnstem crnca.pement.s were calculated by sttb'bra.cting 

the sum of a.11 tributary escapements from the 

total system escape:rnent. 

It is apparent from the calculated escapements 

listed in the above table that the F'raser H:tver 

mainstem escapement, the magnitude of which had 

not been reported upon unt:l.1 1960, ha.s dur:lng the 

study yea.rr1 been the largest slngle stock :tn the 

system. 

r?) Tl_!n:tnz_2.~' .. ~iJ~.~rE..:!:.2:2 

The time of passage of the lnd:lvi.dual spawning 

escapements of Glen Valley in 1960 was established 

by tag 1~.ecovory and dead counts. The e soapements 

were grouped into three arbitrary categories: 

(a.) early run~ cons:lstlng mainly of Chehalis I\iver, 

Weaver• C:t:•Eiek, ,Jon.(:is Creek .flsh. 'Th.ls segment 

demonstrates a. mlgratlon peak at Glen Valley in 

late September; (b) middle run, consisting primarily 

of mains tem fish, some Vedder and Harri son Hi ver 
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fl sh, and most of the i'i t.1h bound f'or nd.noX' 

tributary streams. ~f.'he rn.igratio:n of these runs 

peaks at Glen Valley in late October; (c) late 

:t'1J.n, consisting pr:i.ma:r.:i.1.y of the Hax•r:i.son and 

Vedder• River escr:!.pEnnc,ni.ts which peak at Glen 

Va.11.ey in ear1y DErnemb(?r. 

A comparison of the tlm:lng of thE3S0 three 

groups :i.n 1960 and 1961 is presented in P:tgure 1. 

It is apparent that s orne var :I.a t:ton in t:tm:.1.n.g 

e:xis ted at· Glen V nlloy, but the chronology of the 

runs on the spawning grounds rema.:tned identical 

:in all thre<:.i ::1 tudy years • 

The Condition of the Stock 

'I'he Ii1rn.rrnr H:tver chum salm.on stock ls o:C 

pr1mar>y lmpo1"tance not only to the Area 29 

c01un1<:nic:i.al fishery but also to the fisheries 

loc.ated in ;rohnstone Strait and in the Stra.it of 

Georgia. 1l1l1e total stock enter:lng the Johns tone 

Stra:t t area and proceeding south-vuu•d to include 

the F'raser Hi ver, has dec1lned from the 195!1. high 

of 4,300,000 to a low of 900,000 in 1961. 

From the information on distr:lbution, timing 

and rna.:snltude of escapement obtah1ed by the 1960 

Fraser raver stud·.·r, and in conjunction w:i.th 

extensive analyses conducted on past catch, 

escapement and M.ming data :ln botb Area 29 and in 
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the Johns tone StPa:i. t area, the follow:lng major 

hypothesis was developed: that a pre vlously 

unrecorded me.lnstem F'raser Htver chum salmon 

population has .formed, unt:ll i~ecently, the main 

foundation for both the Johnstone Strait and 

F'raser Hlver churn sa.lrnon f:lsherles and that this 

stock has been reduced to an extremely low level 

by oommerc:l.al ~~xploltaM.on. 

r.rhe hypothes:t. s was developed on the following 

points: 

(a) ~rhe P:r>aser H:!. ver oomme rolal c a.tch o.f ohum. 

salmon has :t:•anged betweEin ll6, 137 and ;;51,509 

pieces dur:tnr; the pe:r.•iod 1951 to 1961 and as late 

as 1959 the cntch totalled 233,290. According to 

the tagging conducted by the F:tsheries Research 

Board :tn 19.53, a tota.l of 667, 000 chum salmon .Y 

or L1./.1. pEH'CE:mt of the entir•e stock entering the 

Jobnstone Strait a.rc~a, oon.sisted of Fraser River

bound fish. In addition, 376,ooo chum were caught 

that yea.r 1.n Area 29, for a total contrlbut:ton to 

the fishery in 19;)3 of 993, 000 chum salmon. The 

h:tghest recorded Fraser 1Uve1"' escapement for the 

period 191.f.2-61 lnclusi ve occurred· in 1950 and 

totalled 201,660. The reported chum salmon 

escapement 9 consisting of tributary spawnlng only, 

could not solely have provided the contribution 
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to the fishery that was attributed to the F'1..,aser 

· Hlver r~tock. 

(b) ~l:r1e major cornmerc:tal catches of cb.ums in the 

111rase:r.• H:i.ver are made during the la.tter part of 

October and in the early part of Nove~ilier. The 

t:l.mtng of the known ma,:Jo:r trlbuto.ry stockr~ th:r•ough 

the Ii11"a1ser FL!.ver f:tshing a.rea, as dete:r.m:tned by 

the tagr~:l.ng conduo ted at !1len ValJ.ey ln 1960 

tends to be earlier (Chehalis) or later (Vedder

Ch:ll11wack and m:i .. rri son) than the peiriod of 

max:l.mum catches. 

( c) U1e i:_ioak c a.tches rrw.de :i.n ,Johns tone Stral t 

during the pre-1955 period occurred in late 

~3eptembE)r and early Oc tobor. The t:lming inform.a

t:i.on avaJ.la.ble at this tlmo indicated that the 

only ma.,jor stocks present :ln strongtr1 durlne; that 

period were those of' Area. 17 and of the Fraser 

Rlver. Once again, th<'} t:tm:Lng of the known ma,jor 

Ji1raser Hlver stocks in .Johnstone Strait should be 

earlier or later than this and the size of the 

catches would require a contribution greater than 

that possib1e from Area 17 and the early segments 

of the other stocks. 

(d) Fol1owing 1954, fishing time was reduced in 

Area 29 to compensate for lowe1" stock size, but 

the reduction tended to favour stocks migrat:tng 
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in late Nov01111:Hn• a.nd ear1y ·oecomber. '.rhe es cap(:l

mr:Jn t level o.f m:i.no1:> tr:l.butary stocks wh:i.oh 

exhibit timing sbnilar to that calculated for 

the ma lnf~ tem population (i.e. , the la.st tl'.Jx•e e 

weeks of October and :first week of '.\Tovember) has 

been differentially reduced; by association it 

could be as surr1e d that tho ma:tns tern s toe l{ has 

also been s 1mllar1y affected. 

AEl a result of thEl~Je cornblned stuc'Lles, :lt 

was concluded that the malnstem stock of the 

Fraser River has been the foundation of the 

Johns tone S tra1. t-Area. 29 chum salrnon fis}1ery and 

that rehabilitation of this particular stock is 

t.he major key to the reho.bil:!. tat:ton of the entlre 

flshery. 

In order to initiate this rehabilitation, 

the 1961 fishtng pa.tter•n fo:t• Area. 29 was des:lgne d 

to provide full protection during tbs migration 

time of the ma.:l.ns tern stock 9 ano to pePmit explolta

tion of the rE;J..atively strong later-mlgrat:l.ng 

stocks. In addltlon, the over-all exploitation 

of chums in the Johnstone Strait area was reduced 

to one of the lowe.s t 1 evelf3 re corded ln the last 

dee a.de. 

The :r•esul ts obta.lned by ad.jus tlng the Area 

29 fishlng patte1~n in tbe above-desorlbed manner 



are listed :i.n the follow:i.ng table. In terms of 

percentage, the exploitation of the main.stem 

stock was reduced in 1961 by almost half from 

that of 1960. 'I'he total re turn of clnun ::rnlrnon 

however 9 was lower than that of 1960, and :tn 

te1"1ns of actual number's the e S(Jnpements to all 

major Fraser River spawning areas were again 

imposed not only 011 the APea 29 n.shery but al,90 

on the ~rohns tone Striai t fishery. 

Corrune:r•clal 1961 1961. 1961 Percent 1960 Percent 
-1l:J..E:-... __ q £8.1:'.LJ:.~Y:i. g_~ ... ___ S~.!.~ t~ h __ .R'.:CJ . .5.'..~I:.~.~e n~~~~~.~J?~~~~ t ~~? i 01: __ J~3..P 15:_~~~~.~ 

Early Sept. ':J~otal) 9 ·' 70L1. 18,159 31.i. .8 37.8 
Oct. 3-t~ ) 

M1.ddle Oct. 16-17 llt, 077 78,701 17.9 30.5 

IJa.te Nov. 21~·23 ) 22,356 67 29~"' 2L~. 9 6.1. ' ·- ,) 

Dec. 5 ... 7 ) 

~L1ota1 )~.6'137 16t1., 155 21.9 21.1 
-·-·· ..... ~.-~ ................ - ..... --.--,..._,, .................. -.-.. ---.. ... --..... - .... -.,,q" .... ,, .. ,..,.......,,..,._, __ , .... ,.,.~ ... ---.--..-.. M• __ .,_ ...... , .......... _ ... .,... __ ,,_~·-·----~- ... - ... .. 

'rhe general fishlng pattern es tabLi.shed in 1961 

was repeated :tn 19h2. Hes trio ti.on s moPe s tr:lngent 

than thorrn of 1961 were imposed on the Johnstone 

Sta"'ai t fi.sher'y ln late !3eptember ·when it becamc1 

ev.ident tha. t the early and middle segments of the 

stock weN'.J returning at an extPem.ely low level, 

and flshing was not permitted in Area 29 during the 
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period that thB peak of the middle ~1n migrated 

through tr1e .fishery area. Prelj.mina.i:•y ana.lysis 

in increasin~ the mainstem escapement over that 

of 1961 d0spite the small total return. Escape-

ments to the la.to aroa.s (Har·r:l.son and Vedde1~) 

also appeared adequate. 

Mobile s ampl 'Lng equ:l~)men t developed ln 1961 

by the I11 ish Cul tur•e nevelop:rnent B:ranoh :i.n 

con.:Juncti.on wJ.th tho Interinatlonal raoif':l.c Salmon 

Fisheries Comnission was used in 1962 at Mission 

Brldge to sample downs trea.m rn:i.grants. Mob:l.1.e 

equipment was necessary as tho tidal effect at 

M:ls ~1:i.on was suff'i.c lent to r•ender tho s tande.1'.'d 

stationary s mnpl:Lng gear inefficient. 

rphG 1961 pr-01:i;ram e fl tabllshec1 the peak pePi od 

of daily chum. fr•y mlgratlon a.fl occurrJ.ng between 

Os)'n_ r n .• 1·.1c:t -.lJC)') "h.01J.TIS, I ]0(2 ihl j ~ ___ .;.1 "" ,._ .. n ... 7 :'.- ;_:s per:.oo. was 

cons i dl'lred as tl1e s tanr'lo.rd da:l. ly shlf t d1u..,:tng 

whlch the :mob:Lle Lt.' :x 11.' lnellned-plane trap was 

fished. In addition, two 24-hou~ periods of 

f:tshinc; pep WEH·)k :lnc orporo .. tlng a. mobtle veritic al 

sampling unlt were introduced to assess seasonal 

c.:l.anges :ln diurnal periodic:t ty and vE:irtic al 
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dis tr:i. but :ton. 

'Phe :t'<:HlUl ts of the 1962 priogP~:trtl were as 

follows: 

(a) During the early part of the season's 

mig:t•a.tlon, t'.d.ght pe:t•cen t of the chum fry 

traVE)l1ed paf1 t the crn.mpl.:1.ng s:t. te during the 

e:l,:!,ht-hour pe.riod O ;;oo to 1300. By· the end of 

the mig:t•a.t:ton, th:ts ha.d tncrf-)fllHHl to 8.5 p(H'oent. 

(b) Durin~ the early part of the migration 

9'.) percent of' thr:;, churn: fry traVE')J.ling in the top 

twelve feet of watex• travelled :i.n the surface to 

three-foot depth; by the end of th~ season 9 this 

per•centage had decreased to '75 percent. ~rhe 

m.ajority of the fry travelled in the top twelve 

feet of water>, as evl de need by the d:t s tr:l. but:ton 

by 8tation shown in F:tgure 2~ It seems valid to 

assume from tb.e verticaJ .. d:lstr:l. but:lon in the 

surface twelve feet of water (F'igure 2) tha.t the 

peroen ta.r;e of' fish travelling beneath the vertt cal 

s am.pl inc; unit was smal 1. 

( c) The calcu1a te d munbe r o:f.' r:J ea ward ml grant chum 

fry in 1962 as measured at Mission Bridge totalled 

32,650,000, Which represented an ·egt(, ... to-.fry 

surv.i val of appro:xima tely 12 percent. 

C • S1:_~1E:_!'_;:[ 

The most :tmporta.nt resu.l t of the studtes to 
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date is the conclusion that the Fraser River 

ma.1.nstem sy.H-i.wn.:tng popula.tlon is tJ:.1e ma;jor 

contributor to the Johnstone Strait-Area 29 

co1runerc:t al f'l f.lh(:iry· ~ and that this st oc.lc has been 

reduced to an extremely low level in recent years. 

The escapement range of 50-100,000 calculated in 

the three -y·ears of study must be r:r,r.•ea.tly increased 

:1.f full rehab ill tat:ton of stock ls to be achieved. 

~-. 2 .Tor~~~-~~~.2 N~~·-· s T..tJ.~;r~e 
Pollow:l.ng 19.51-1. and conttnu.:1.ng unt:i .. l the present 

time, the total chum salmon stock returnlng to the 

Johnstone Strait-Georgia Strait-Fraser River region has 

been declining. Prior to the 1961 season, ru~ analysis 

of a:vaila ble catch and e scapernen t data on the chum salmon 

stocks entering and passing through Johnstone Strait was 

conducted ln an attempt to assess frorn. the existing de.ta~ 

the condition of the stocks whlch ortginate south of the 

northe1:in tip of Va.ncouv01" Island (comprising oommerc ial 

fishing A:t•oas 12-H3 and 28 and 29, Pigure 3) , and also 

to determ1.ne the effect of present explol tation on those 

stocks. On completion of thir~ flr.st-yea.r analysis, a 

report was prepared :ln whlch a. number> of· factors affecting 

the status of tho stocks were desc1•:t.bed and in which 

recommendat:l.ons regarding the 1961 flsh:lng pattern wePe 

proposed. 
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Prior to the 1962 season, analysis of the catch 

and escapement data. of th:i.s study a.Pea was oontlnued in 

order to further desc:r:lbe the status of the chum E3a.lmon 

stocks; to analyze additionally, the status of pink 

salmon stocks return.1ng to the study a.rea; to smm11a.:r'ize 

the effects of r>ecent regulations on those stocks a.nd to 

present ca.1.culations on the ant:t.c:l.pated size of the pin.k 

and ch.um s toclrn return:1.ng to the El.re a. in 1962. 

A descrlpt:ton of the rosul ts obtatned friom the 

analyses conducted to date is presented :t.n the following 

summa11y. Por the pt.tr.pose of analys ls, the n:tne com.me1~c:ta.l 

fishing areas ·referred to above have b0en grouped into a 

single unit for calculation of total stock, total exploita-

t:ton and age compo1:d. ti.on. The oat ch figi..:tres used are 

thos 0 prepared by the Economics Br•anoh of th:ts Department; 

the escapement fip,;ures have been obtained by ~Jumming the 

med:ta.n of the range submitted for each stream in the 

a.nnua.1 spawning ground repoJ:its of the o:ff1cers of the 

Protection Branch. The latter figures, based on visual 

surveys, bavEi Pecogrd.zed lim:t ts of accuracy but ~re 

consldored a relatlve meairnre of annual espapernent. 

CHUM SALMON --..... --·-~·-

Status of Stocks 

Catch and escapement data for this study area are 

fa.lrly J.lmi ted in tha.t the present system of ca. t'cb 

statistic collection was only :ln:tt:lated in 1951 and 
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spawnlng reports for the area are not complete prior to 

1950. 013,tch f:i.::,u.res have been recon.:1t:r•ucted from other 

statistics available for th~ area, however, aatlng back 

to 19.30. 'I1hese fisure13, shown r>;raph:lcally in Plgtu•e !.1., 

illustrate that in 1955, following several years of high 

product:ton, th.re~ stock as rep1•eE1ented :l.n this instance by 

"·,otn.l '•'.~-tt'd'.'r r t h d 1 t d t ' l J . ] i io 1·'r:' 1 r.:l ~ ; a ~)a c a "c , e c : n e o a. ow .. eve... . n 1 'Y:> 

a.nd tr1ab :l. t has not demons tre. ted a slgnifican t r•eoovery 

81.nce that time. The pattern desert bed is not iJ.nlque 

to this particular area but in fact extends not only to 

the Br1. ti.sh Columbia. c oa.s tw:tse cond i tlon described in 

Ii1ieure l.J. but a.lso to the stocks of southeastern Alaska.. 

Reason for Decline 

The reason, wh:lch eme:r•ges from the analysis, for 

the decline of the to ta1 study area. stock is com.prised 

of a number o.f factors, a.11 of which can be assoc:ta.ted 

with local conditions. 

(a) Survl val 

In order to measure the over-all 

survival o.f the total churn salmon stock 

ind:lgenorna to the area, a ratio of returning 

adults per unit of brood escapement has been 

calculated for the years 195~ to 1961 

inclusi.ve. 1rh:ls :rn.ee.sure lncUcates as 

presented below, that the over-all survival 

rate dropped drastically during the thx•ee 



years f ollowlng 19)1-1., rose again in 1958 and 

1959, then dropped to the lowest recorded 

ratio ln 1961. 

Return/uni i.; Return/unit 
Y~---- Es c ap_~~ne,_n_t ___ ~_ .. _If! aE--···-·- BJ !_?_c D..P!J!'.!-~ n ~-

1953 2.8:1 1958 2.l.1.:l 

195L~ 2.9:1 1959 2.8:1 

1955 

1956 

1957 

1.1: 1 1960 1.7:1 

1.1:1 1961 • 8:]. 

1 • .5:1 

Although the sur•vlval r•ates :ln 19.58 and 

1959 were high, the stocks ·were the progeny 

of the lean 1955-57 period and the return in 

term~ of numbers of fish was not strong. One 

of the compli.c a. ting factors invo 1 ved, and one 

wh1ch extends the effects of poor• survival 

conditions, is that an apparent relationship 

exists in the production of age 3 and age 4 
fish from any single br•ood stock. Over the 

period of the lo.st three brood stocks (1955, 

1956, 1957) the :r.•at:to of age 3 : age 1-1. b.a.s 

been calculated at /_~3.5 : 56.-5 and the 

rela.tlonship for the 1958 brood w:lll approxi

mate this closely. In effect thls mea.ns 

that a strong stock in any single year is 
• 
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almost certainly depeDdent upon the good 

return of both ma,1or age segments of the 

stock and also that low survival of one 

bPood wlll affect thEl total retu.rn ln two 

consecutive years. 

(b) Corn.m.eroial Rxploi tation . ...-... . ._.._ .... _ .... _. ...... -~---

gff.lcient regula. tion of the commercial 

fishe1"y 1n this area :l.s part:l.cu.larly complex. 

Stocks destined for areas over the entire 

225-mlle length of coastline from Kingoome 

. Inlet at the north to the Fraser and 

Cowioha.n Rivers at the south 9 enter' at the 

north end of the study area to be intercepted 

by an 1ntenr~e ,Johnstone StraJ.t fishery and, 

in several instances, efficient local 

fisheries as well. In addition, a significant 

segment of th(':l m:tgra ti on enters the are a from 

the south via ,Juan de Puca Stra1 t. 

Certain o.f the factors associated w:t th 

oommerclal explo:t ta ti on and wblch have 

affected the current status o.f the stocks are 

these: 

( 1) Inc:tiease in effi clerroy of gear. 

Immediately preceding and during 

the period of reduced stock size, which began 

in 1955, a drama.tic cha.nge in efficlency of 
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the commercial fisher•y developed in the f'o:rm 

of increased units of ~ear, conversion to 

nylon gi11-ne ts and the advent of the power 

block and drum seine to Reining. This 

i.nc rease in fleet e ff le :tenc y a.t s. time of 

reduced stock size more than offset the 

pattern of reduced firih:lng tlrne which was 

initiated in 195~) and wh:i.ch has become 

:!.nc:r'errningly Sf.3VBl"B s :i.nce that time. 

There ls asso<.d.ated with this 

increase of efficiency at a time of reduced 

stock, another comp11.oating factor. The 

susceptl bl lJ. ty of tho stock to exp lo:!. tat:!. on 

apparently increases wl th decreasing s took 

s:i.z.e. 

( 2) A~l?~~al:le BxplEJ:!a ti.~E. 

In an attempt to def:lrn:) thEJ 

general degree of e:xploltatlon that the churn 

sa.lmon stock of this study area. can withstand, 

an interpt>e ·t;ation of the calculated rat 1os of 

returni.nc; adults per unit of brood escapernent 

has been made i.n terms of allowable explo:l ta.

ti on. rrhe calculated ratios ·of return 

indicate that in order to just maintain the 

escapement at its brood level, the ratio of 

catch : escapement, under condi t:i.ons of the 



average survi va.l recorded durlnr, the 19r)3-61 

period, would have to appro.xirnate 0.9 : J. .O 

foi" an allow~i.ble e:xploi tation J:.,ate of 4-7 .l .. 1. 

pe1:icen t. A. similar cal.cuJ.a ti on for the even.

year plnk salmon stocks of th~; area. suggests 

an allowable avera{::;e exploitation of 61.~.3 per· 

cent. 

In seven of the nine years 

during the period 1953-61, the actual e.xplo:i.ta.

t:lon as calculated fl:"om the available data, 

has exceeded the ca.lculated allowable level. 

( 3 ) rr :t miEl,J;, 

Chum salmon are present in the 

,Johnstone Strait fishery throughout August, 

September, October and in.to November. Begin

ning in 1955 and contlnu.ing through 19.59, one 

general effect of' the fishing pattern has 

been the prov:l.slon of more protection to the 

later migrating stocks than to th~ others. 

As a result, the general stock :ts weak but 

several of ths late running stocks are demon

strating relatively good strength. 

(!+.) Fraser River Mains tem ~t.2.£1.~ 

The effect that the reduction 

in escapement s:tze of this stock has had on 

the entire study area. cornrn.e1"cial catch has 

been described undel"' the heading "Fraser Rlver 
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Chum ~)almon Inver:Jtic;atLon" (.See Sect:i.on 11 .• 1., 

page 190). As pointed out in that sectlon, 

thlEJ ~li~ock at one time const:t.tuted not only 

the major stock of the a:rea but 1.n actual1ty 

compr:Lsed the founde.tion fo:r both the 

.Johns tone Strai. t o.nd ·:·:•ras er Hi ver churn salmon 

fisheries. 

The history of the decline in strength of the 

chum salmon stocks indigenous to the a11 (:H1 could be 

summar:tzed as follows: 

'rhe c a.tch pattern, described :i.n F:tgure 1.1., when 

compared to those of other areas ind:tcates tlrn.t effective 

util:tzation of ohmn salmon in this study area dld not 

begln until around l9t1.0. 'rhroughout the war• yea.rs and 

coinchUng with the decl.lne of certa:tn other stocks, 

including thof.ie of the west coast of Vancouvfn• Island, 

the catches particularl:y· in the ,Johns tone S tr•ai t area 

were increased. '.T.1he inc rea.se ln fleet eff lei ency follow-

1.ng the war period was not reflected in increased catches 

in this stu.dy area but the h:l.gh catches were at least 

malnta.ined. The increase in fleet size and gear efficiency 

at this time, without a commensurate increase in catch 

indicates that the catch, during the laS't of the good 

yea.Ps, was be:lng maintalned at the expense of the escape

ment. In 1955, 'Ghe stocks of the area declined and have 

never returned to their• former level. 

'rhe general picture which emergc12 from the 

• 



I 
I I , 

~209-

analysis conducted to date therefore, is that in this 

study area, chum salmon were not fully utilized p1~ior 

to 191.~0. In the following 15 years, less than the snan 

of four life cycles, the util:tzatlon pattern ran the 

course from under-explo:ttation to over-exploitation to 

near collapse of stock; a.11 in such a. short period that 

the degree of opttmum stock uttlization was never 

accurately determined. 

O:pera ~:tonal Value of thei Atial:y:si~ 

Assessment .2.f._ Escapexi~:qj; 
In order to assess the current strength: of the 

stocks orig:i.na Ung wl thin the study area, the escapements 

must be evaluated 1n terms of pa.st, or if possible, 

optimum escapement.. In the absence of an accurate measure 

of optimum spawning escapement" a measure has been 

developed and proposed to serve as a temporary escapement 

goal unttl an accurate assessment can be made. Thls goal 

ls based on the total o.f the highest recorded actual 

escapement to each stream ln the are a :ln any year during 

the per•iod 19.tJ0-61. rl'he total study· area. goa.l for 

greater effectiveness has been divided into sub-areas 

set up within the total area. The major assumption made 

in ax>riving at th1.s figure is that over-escapement did 

not occur in any of the streams during the period of 

t:l.me chosen. 

The goal proposed for the total study area chum 
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escapement, excludins the Fraser River mainstem stock, 

ls 2,1~.00,000. Current escapernents are now assessed by 

the comparison of sub-area escapements aga:i.nst the 

respective sub-area escapement f_?;oal. By way of comparison 

to th:ts proposed optimal escapemc·mtjt the 1960 and 1961 

escapements totalled _Sl8,000 and ~)1+6,)00 :respectively; 

the highest recorded escapement in the 1950-61 per1.od 

occurred in 1951 and totalled 1 9 700,000. 

D~.E£.. .. An !J :L .£i°e§:.~ ec~ _ _l1gJur.:E. 

rrhe data ava. i .. la.ble cannot be used as a basis for 

accurate pred:lction of return but two factors can be 

util:1.zed to at least define the general magnitude whlch 

can be expected. 

(a) From the apparent relationship between 

procluct:l.on of the age 3 and age 1-1. segrn<::1nts 

of an ind:i. vi dual brood, the number of age .3 

salmon :ln the total stock of year "ntt ls 

used as a basis to calculate the expected 

contribution at age 4 of the same brood in 

year 11n + 1 11
• 

(b) The s1ze of the brood escapement three 

years previous :l.s taken as a general measure, 

refined by data available on production of 

adult return per unit of brood escapement, 

of the s t:r>ength of the age 3 segment of the 

returning stock. 



-211-

From the calculations on the ran,~e of return 

and f:r•om the calculated exploitation i.mposed on the 

stock during recent see.sons, fisbing patterns can be 

developed to meet a range in s:tzes of returning stock. 

This :ts done to serve as a guide once the relative size 

of the returning stock :ts established. 

Tha 1961 Stock ---- . 
The returning stock in 1961 totalled only 906,.500 

and thereby cons t:t tu ted the poorest return to the study 

area during the period 1949 to 1961 inclusive. The ratio 

of returnlng adults per unit of brood escapement was 

calculated at .8 adults per unit of escapement; the brood 

escapements therefore failed to produce the tr own level. 

The low 1961 re turn resulted from a dismal return of 

age 3 fish supGrimposed on an ant:l.c-tpated low return of 

age t~vs from the 1957 brood. No detailed explanation is 

offered for the poor return of the age 3 se!!,ffien t but 

incubatlon conditions were apparently poor throughout 

the study area dur:l.ng the winter of 1958-59. 

The catch for the entire study area totalled only· 

360,000 and represented an exploitation rate of 39.8 per 

cent; the lowest recorded in the 1949-61· period. The 

rate was surprisingly high, however, in view of the 

strinc;ent regulations applied. 
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~-1962 __ ~~0~ 

The total study· area catch 9 reflect.ing a. ·.vear of 

low stock a:nd stringent ree;ula. t1on, totalled only 260, 000. 

Oomplete escapement f:ti:su:r•es are not available at this 

ti.me but the total will exceed tha. t of 1961 by a 

considerable margin. 

PINK SALMON 

As s ta.ted eat>lier, an analysis of available 

oa tch and eso apement da ta 1 s imill:'u' to tb.H. t desc1:1i bed for 

ohum salmon was conducted on the even-year pink salmon 

stocks o.f' the study area. During the even year, pink 

salmon in this. area return only to streams si. tuate d 

w:tthin commero:!.a.l fishlng areas 12, 13 and 11-~ (Pigure 3). 

Status of the Stoc1rn 

In terms of the past even-year escapements 

recorded during th~ 19:.?o-60 period, the 1960 escapement, 

which constituted the brood stock for the 1962 return, 

tota1led only 221,500; 40.5 percent of the pre·vious low 

of 547,200 recorded in 1956 and 35 percent of the even

year 1950-58 average. 

As described for chum salmon, an escapement goal 

based on ma.ximu1n recorded stream escapement has been 

oalcula. ted for the even .. year pink salmon stocks; that 

figure totals 1,.301,500. The 1960 escapement comprised 

only one-s:'L.x th of tha. t proposed goal. 



-213-

Reason for ..J.he r,~at~~ . ..£.f._}~v~_n-:(~.~.:.l'.: ~'S.~£.~.~s 

The low level of the 1960 pink salmon study 

area. escapement ream]. ted f:rom the combined effects of 

two fa.a tors. 

(a) Low Survival ta Adult 
~-----~-- ........ ..._ .. _ ....... _ 

I 

The rat:i.o of returning adults per unit 

of brood escap<?:ment in 1960, as ca.lcuJ.ated 

f:ro:m the ava.i.la.bla data., war~ only .8:1 as 

compared to the 1950-58 average of 2.8:1. 

In termr.i of' numbers of fish; a.n escapement 

of 710, 000 adults in 1958 produced a total 

returning stock of only .566,700 in 1960. 

(b) Over-Exploitation 
""""'!' - • $ -·-.. ~-~ .............. __ 

(1) General JBxploitation 
------·· _,.,....__,.r,. 

As stated above~ the 1958 escapement 

of 710 9 000 adult pinlt salmon produced return·· 

ing stock of only 566~700. This steak, the 

total of which would have constituted less 

than a.n ave:r.ag e e S<Htpement, totalled only 

221, ;500 after e:x:ploi ta.t:i.on. 

( 2 ) Q;_t_:~~~.i~~ E~!~.p_l_~_i tat i o_E. 

Salmon stocks pass J.ng through 

Johnstone Strait are vulnerable to a. very 

efficient commercla.1 fishery which extends 

!'or a length of more than 90 111iles. Wl thin 

th:ts f:1.shery the length of time that 
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individual stocks a.re vulnerable to the 

fishery varies greatly, the rate of 

exploitation of local f isher:tes varies, ax1d 

in certain lnstanees stocks a.re not subjected 

to any local explo:t ta ti on. As a resu1 t each 

stack of s a.lmon l"eturning to this general 

area will be susceptible to a different 

degree of exploitation. 

In 1960, the pink salmon stocks in 

thlc1 study area. which demonstrated the 

lowest level were those lying south of Area 

12, specif:LcaJ_ly those situated an the 

rna:tnland sho.re of A.re a 13 and fr>or11 the 

entire ree;ion of Area 1/).. Undoubtedly the 

length of the comblned Area 12 a.nd 13 fi shlng 

area has resulted in differential exploita

tion of the stocks returnlnc; to those areas. 

In effect, the southern portion of the 

Johnstone Stralt f1.shlng area const:ttutes a 

local fishery on stocks originating south of 

Area 12. The catch ln Area 13 during the 

five even-year cycles prior to 1962, had 

accounted for only 12.7 percent of the total 

Johnstone Stra:tt catches but this. catch had 

represented an average exploitation on 

stocks esoaplng from the Area 12 fishery of 
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.3 '7.1. t percen ·• 

In emphasis of the law status of 

the Area 13 a:nd 11.~ E-Jtot'}ks ln 1960, the 

calculat<':Hl. escapement c~oa1 for the oomblned 

areas totals 520,000 or ho percent of the 

even-yea:t' study are1.:i. goal. In 1960, the 

escapement to these areas totalled only 

69, 600 and y) P or)() of these re turned to one 

S tr'BQ..111. 

Hee.son for the Pr·errnnt Status 

'rl:1e low status of the 1960 stock was not lnter-

pre ted t:.t::J belnr~ t1:1e re su1 t of a downward trend ln the 

s trengtb. of the s took but rather the result of oveJ:•-

exp1oi ta.tlo.n of a s:tnc;le year cla.s s return:lng at an 

already low level. The data does indicate, however, 

that an ov0rflE1htng trend has developed on populat:l.ons 

orlginating south of Area 12. 

9J2.~-~-1:'1:.~~l?_!?:E~LY_l?}_~~~'. ____ g_:~ ... !~_10_~l·Y .. ~ .. !!?_ 
As described in the previous sectlon for chum 

salmon, the value of the analysis being conducted is in: 

( a ) A_~.!3..'.'!.~:.~~~ t __ 9_f: J~~-~~P-~~~.~t.1-~ 
']~h.is ls done in terms of both past 

escapement and calculated str.>eam potentlal, 

and by relative annual stN'Jngth of the 

various sub-area escapements. 

(b) Defi.n:l.nrr Anticipated Return 
·~--·-·- .. ..,·~~··"""'·--··~1iL-..-..~--~-.. ~··----··----............ ._. ... ,,,__., ............ _ .. _~·-·~·~ ............ -

On the basts of the ranee and the 
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past ratios of returning adults per unlt of brood 

escapern.ent a range of anticipatr:id retur•n is calculated. 

( o ) I~~~~:i::_~~-~ i o l?:.._?£..?.:!:..~J:?.:i~.g .. J:~.·~_!;-~-~:~ 
As descr:i.bed for chum salmon, proposed 

ftshtng pa.tb:·nns can be developed from the 

oalculat:l..ons on the range of ant:t.cipated 

return and fr•on1 calcu1at1.ons of recent 

explo:tta.tion on the stock. Furthe:r to this, 

the :r·elat:l..ve s:l.z,e o:f' escapement wtthln the 

study area may be used as a basis to x•ecommend 

adcUtional protection to c1pecif:tc stocks. 

TJ::e ."J.9-§_?.. s_~_?_c!. 

Compl~)te escapement .flgur•es are not ava:tlable 

at this time, but the stocks of th1.s area dEimonstrated 

a h:Lgh rHtlo of ·return comparable to that recorded 

generally over the central and norithern coast. '11 hf~ 

commercial catch for the arE~a totalled 70!~., 000 ffe and th:ts 

in splte of the strlngent regulatlons a.pp1if)d. These 

included a virtual closed scrn.so n on pink salmon in Are11s 

13 and 14 and a two-week special closure during mid

Augus t :tn A:r.E)a 12, all des"lg:n.ed to initiate rehabi.li ta

tion of the low stocks ori3inatlng in Areas 13 and 14. 
Al though final spawn:l.ng ground fi3ure s a:re not a.va:tlable 

a.t this tlme, the general p:l.c ture was one of good 

escapements to all streams ·with the exception of those 

in the Area 14. The low 1960 escapement of 221,500 

produced, th~reforo, a catbh of .704,000 pieces and a 



-217-

generally good esca.pomen t throughout the a.re a. 

SUM:MAHY ..... _ ........... _,.,,,......., __ 
A general sunnnatry of the 1:ma.lysls conducted to 

da.te on the ,Jolrn.stone Stralt crm.m and pink fisheries 

has been presented along with a description of certain 

of the problems asaoo:J.a.ted w:t th ma.i.ntain.ing and i.n some 

i.nsta.nces reha.bi.l:t ta.ting certa:tn of the stocks th:r•ough 

regulation of the oomm.ercial flshery. 

The task of re1milding ·the ob.um salmon stocks 

of' the area to their• forme:t' level, wh.ich auppOJ:>ted a 

catch of between two and four million pieces annually, 

is perhaps a form:tdable one but the prospeets would 

a.ppea.r br:ight. 

The even ... yem.1 p:lnk salmon stocks of the a.re a. 

have not demonstrated any real decline and as :tndioated 

earlier, have :tn fao t demons tra. ted a. "bounce-back" from 

the very poor erned:tng of 1960. In the central Vancouver 

Island area, the Eitooks of cortaln of the streams, 

particularly those of the rrsolu:m and OyE:Jter ravers, have 

aufi'E3red a dra.st:tc decllne and may requlN~ aE:Jsista.nce 

additional to that poss:l.ble through regulation of the 

flshery. 

4.3 OPE:RATIONS HOOM 

As mentioned previ.ously, a salmon management 

opera t:tons centre was established in the Vancouver 
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headquarte~s office during the spring of 1962 and subse-

quently maintained the oper·a Mon throughout the balance 

of the s1:1ason. rrhe reason for ma.:tnts.ining such a. section 

is one of provicUng, for the Arrrn Director and senlor 

s ta.ff associated wt th regulation of the 00111mercial 

f:!.shery, a day-by"''~ay report, which can be qu:i.okly and 

easily assimilated~ on the operation of each of as many 

as 4~ individual salmon fisheries. In effect, the ma.in 

function of this operation is tha.t of an info:t'l11ation 

centre a.nd as such lt l..,ep1"esents the end product of the 

faclli ties of three branches: 

(a) Economics Branch 

For most e.rea.s of the coast, the cur.rent 

S(:ta.somi.1 stJ:1eng'bl1 of retu1.,nlng stocks are 

dete:r•:minsd froni. the con1parison of present and 

past size of catch. The catch statistics 

produced by th:l.s bJ:>a.nch p:rov:tde the basts 

for this conrparison. 

( b) Pt:'~_<? t_:~-~~!2Eh 

One of the :most v:t ts.l tasks c onduo ted 

by the field staff of thts branch during the 

commerc:J..al f'.:lshtng season is one of collect-

i..ng dally catch figures fo1-.· e·ach commercial 

fishery opera.ting on the British Columbla 

con.st. These f:l.gures are pelayed daily to 

the district and headquarters offices via a 

• 
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complex communie.ation network whlch includes 

th~ use of both land and ship based radio

telephone as well aa land based telephone 

facilities. On arrival at the headquarters 

office these reports are supplied to thB 

staff of the operations room for processing. 

( c ) .t1_~:~. h .. 9.~ tu~~--.D~~!.'.L opmep ·~;§;~~~<?_h 

1!he respons:!.b:lli ty of tabula. ting and of 

illustrating g.Paphically the oatoh and 

escapement data available for all areas is 

th13.t of the personnel of this branch. 

Dur1ng the lnlt:I.al preparatlons, catch data 

was presented on an annual, weekly and, 

where posE:Jihle, dally bas:ts by species and 

by commercial .flshi.ng area for the per•:iod 

1951··1961; escapement datlt w0rE~ te..bulated 

for• the same period. 'I1hroughout the season, 

as catch reports were received from the 

respective fishing areas, the current 

figures were tabulated~ graphed and a 

summary compari::wn made with past oa.tch 

data.. This :lnformntion was then furnished 

to the headquarters management sta.f'f at 

daily 11brieflng" sessions for their interpre

tation. 

1rhe opcra.t:lon desor•:l.bed a.bove functioned 

ef fee ti veJ.y th1~oughou t tl:1e pa.st sea.son anc1 has now 
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become an l.nter;raJ. pa.rt of the salmon ma.nagemen t 

machl.nery of the Paci f'1.c Area. Preparatlons a:t•e now 

underway to further extend the tabulaM.on and a.nalys:ts 

of catch and escapement data beyond that provided in 

1962. 

r' .) . MI SC E:JA,J\.NEOUS 

In 1~esponse to a. request f'rorn the Pacif:i.c 

Biological Sta~ion this Branch provided engineering 

advice ::l.n con.nect1.on wlth the der:d.r:,n and. constructlon of 

the f:l sh-coll ec ti on fa.c1 li ties whioh were employed 1.n 

1962 at Glenda.le River,, Knight Inlet, B. C., to obta:tn 

pink salmon eggs for a transr:tla.nt to Newfoundland. 

A law weir, 136 feet lbng by two feet high, was 

con~itructed acros1::i the entire width of the r:tver>. It 

is fitted with a row of horizontal screens, supported by 

the weir crest at the one end and by t:lrnber• pilings a.t 

the other, wlllcll e.xtencl downr~trea.m from the c:t>Eist. 

This arrangement is des:tgned to allow free passage of 

river d1 schi.u•ges wh:'!.le ac tlnr; as a barrier to a.11 

upstream mie;ran ts (at 1 ow flows) . As this st rue ture had 

to be constructed on p;ravel it has been equipped wlth a 

cut-off wo.11, cons :Lstinr; of a. row of stc;"Jel sheE)t-pil:l.ng 

a.t the ups trea.m f e.c e, which prevents scouring of the 

foundat:l.on. The barrier :i.s al:tgned at an angle of 

.• 
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70 degrees to the river flow in order that fish wi.11 be 

led directly to a holding pool entra.nce situated on the 

left bank. Countlng traps, located near the two ends of 

the structure, provide the nieans by whlch normal escape

ments to the upriver spawning grounds can be maintained. 

A hold:i.ng pool, havlng a surface are a. of 1, 100 

square feet, has been excavated on the left b1-mk 

adj aoen t to the barri E:ir• s truo tu:r.e. This pool is lined 

with tlmber and is so equipped that :!. t can be divided 

into pens of va.rious sizes for the holdlng and sorting 

of fish. Water is supplied to the pool by an open-out 

channel which has been e:xoavated to connect with the 

river a.pprox:tmately 200 feet upstream from the ba.rrler. 

These fa.cilities were completed in Julyt 1962 

at El. total estimated cost of *60,000. 

5 • 2 TAI-ISIS 0 l~F IC E-RE~] D:Eil'!QJ2. 

P1a.ns of an. off:.tce-r•e:::ddenc e and ga.rage for the 

local Fishery Officer a.t Ta.hs:ls were compJ.e·bed in 

August, 1961. Construction co:m:men:oed in September and 

the buildings were completed in February, 1962. The 

tota.1 cost of the buildings including the purcha.se of a. · 

stove~ refrigerator, drapes , fencing ms.·terial s , and 

rough landscaping was $23,l.i.oo. 

Th$ office-residence is 25 feet by 41 feet in 

plan and the· garage is 12 feet by 21.1. feet. The total 
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finished floor a.1"'ea o.f the office-res:ldence is approxi

mately 1 9 600 square feet, which is made up of two 

bedrooms, a batbroom, a kitchen, and a.n L-shaped liv.ing

dln:l.ng-room on the rnain floor; and two bedroomc~, a 

bathroom, an office, and an unfinished area for a 

ut111ty room and store.ge :tn the balrnment. 

Considerable flooding occurred during the fall 

of 1962 in the general area of the office-residence. On 

September JO, a nearby creek overflowed its banks 

caus:tng some damage to the Department's property. 

Aga.in, on November 23, he~wy rains in the area caused 

the orc-iek to over-top its banks wl th the result that th.e 

enttre pl"operty was inundated to a depth of app1"'oximate1.y 

three feet •. This flood ca.used extensive damage to the 

office-res:tdenc e as a. result of the cleposi t:ton of a 

large quant;:tty of s:l.lt and debris in the basement. 

Repairs wer•e effected :l.n Deoembe1", and the 

reoomm.enda t:l.on ha.s been ~ta.vane ed that flood pro tee ti on 

measures be <:lmployed to prevent such incidents in future. 

•\ 
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