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DEPARTMENT OF FISHERIES OF CANADA
FISH CULTURE DEVELOPMENT BRANCH
PACIFIC AREA

1962 PROGRESS REPORT

INTRODUCTION

The Pacific Area ataff of the Fish Culture Development
Branch, comprising twelve engineers, thirteen blologlsts and
twenty~-five supporting personnel, direct a great deal of
attention to the study of pollution, hydroelectric, and other
industrial projects affecting the fishery. The Branch‘has
also been engaged since its reorganization and expansion in
1949 in a program which entailed the construction of projects
designed for the maintenance and improvement of the fisheries
redource., Initially this program was directed towards the
removal of obgtructions and the construction of fishways at
natural obstructions which were limiting the spawning and
rearing capabilities of the various streams. More recently,
however, this program has been expanded to include stream
4improvement projec ts which have been constructed for the
purpose of controlling the salmon's environment. The program
reached a new high in 1959 when authority was granted to
proceed with the Big Qualicum River Project which will provide
controlled flow and btemperature conditions throughout the
year ag well as improved spawning areas. Other significant

development projects undertaken in recent years include the
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“construction of a new-type salmon incubation hatchery for
the purpose ofvrehabilitating a gockeye gsalmon run and a
maséive transplantation of pink salmon egps to a foreign
area in an effort to establish a new run of this species.

As the work of the Branch expanded to keep pace
with indugtrial developments and as the need for the applica-
tion of scientific prineciples to malnbain and improve the
galmon gtocks became more evident, some divisionallzation
was inevitable, but this has been held to a minimum in order
that staflf can be readily transferred within the divisions
in accordance with current demands. Since 1957 the Bfanoh
has been operating within the following three divisions.

1. SPECIAL PROJECTS - These consist principally

of industrial projects, existing and proposed, which through
their operations constitute s threat to the fisheriles 1f
remedial measures are not applied. Developments such as
hydroelectric projects, flood control programs, induatrial

and domestic water supplies, waste disposal systems, pollution
control, ete, fall within this category.

2. SAIMON DEVELOPMENT - This division 1s concerned

primarily with the implementation of appropriate measures
with a view to increasing the present stocks of salmon. The
work initially conslsted mainly of the alleviation of
obstructlions by means of fishways or other devices. To-day,
however, the Division hag much more acope and it now deals

with artificial spawning channels, hatcheries, flow
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improvement, temperature control, stream bed improvement,
and any other means by which the freshwater production of

galmon can be improved.

3 ‘APPLIED RESEARCH -~ This division has been

egtablished for the express purpose of undertaking research
asgignments looking to the development of solutions to
gpecific problems encountered by the special projects and
salmon development divisions. TIn this capacity the division
is agsgooiated with problems for which there is no known
gsolution, or problems which require investigation through the
development and application of new principles and teohﬁiquesn
Recent or continuing projects in this field are: refinement
of louver designs for the safe pagsage of seaward migrants
around a proposed power development; evolution of an electronic
figh counter for the enumeration of figh passing through a
fishway; invesﬁigation of the source of attraction for beach-
spawning sockeye salmon at a lakej various hydraulic model
studies to develop the best possible designs of fishways and
other fish facilities; investigations to determine the
optimum and minimum flow requirements of rearing coho, etc.
In 1960, for the first time, a blologist from the
Branch was assipgned full-time to assist the Area Dirvector and
the Protection Branch in the formulation of fishing regula-
tions and to conduct scientific studies which might form a
basis for future salmon management policies. Since that time

the responsibilities of the Branch in this field have been
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-gubatanti ally increased, and In 1962 two bilologists and one

technician from the Branch were assigned to salmon management
on a full-time baais.

To date the Branch has dealt with hundreds of
gpecial projects and fewer, but nevertheless substantial
numbers of projects 1n the other flelds, and 1t hes been feltl
for soms time that a conclse review of the Branch's activities,
issued on a periodic basls as deemed necegsary, would be a
worthwhile undertaking. While the detalle of the Branch's
ma jor projects are described in the Department!s Annual
Report, these necessarily receive only very brief oovefage,
and others of only s8llizhtly lesser importance receive no
mention whatever., This Progress Report hes beesn prepared
therefore with a view to fulfilling this deficiency. Tt
should not be regarded as an annual publication, however, as
revigions and updating will be undertaken only when suffiocient

data has been collected to warrant the considerable effort

involved in so doing.
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l. SPECTAL PROJECTS

1.1 POWER DEVELOPMENT

1.).1 Cheskamus River

The Cheakamus River Hydroelectric Development,
which ig owned and opqrated by the B. C. Hydro and Power
Authority, is located approximately L0 miles due north of the
city of Vancouver. The development consists of a 90-foot-high
diverslion dam on the Cheakamus River, approximately 15 miles
upstream from 1ts mouth, and a 7.l-mile tunnel by means of
which flows of up to 2000 cfs are diverted to a powerhouse -
on the banks of the Sguamlish River..

The Cheakamus River supports important runs of . all
specles of Pacific Salmon except sockeye, and when 1t was
announced in 195l that the power development would be
obnstructed9 the Department was concerned with 1ts possible
detrimental effeots on these gtocks of fish. Detalled
englneering and biologlcal invesblgations were therefore
initiated immediately by this Branch. The results of these '
studies were presented in é technical report which deseribed
the salmon populabiong; their migrations, timing, and
digtribution; the possible effects which the power develop-
ment might have on them; and several alternative schemes by
meang of which the fisheries could be protected.

| While the dam and diversion tunnel were located
gome six miles upstream from the upper limit of spawning
migration it was foreseen that the dévelbpment could

seriously affect the salmon runs if adequate residual flows
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. were not maintained in the lower river. Accordingly, this
Branch recommended that a minimum flow of 500 c¢fs be maintained
in the river throughout the year. BAY was suggested, however,
 that fhe runs might be maintained by a lesser flow if an
artificial gpawning channel of an appropriate capacity'wére
congtructed. By the time the power devélopment came I1nto
service in September, 1957 negotiatlions with the Owner had
resulted in an agreement whereby flows of at least 500 cfs
would be maintalned on the spawning grounds.

Since 1957, this Branch has conduéted biologicdl *
surveys on the Cheakamus River each year as a means of assessing
the eff'ects of the diversion. The tag~and«fecovery methbdlhas
been employed for the enumeration of adult pink and chum =almon
and visual estimation only has been used for the other gpecies.
The chum and pink salmon fry output has been measured by
sampiing programs employing fyke neté and inclined-plane traps.
The tabls at the top of page 3 sets forth the estimated adult
sscapements and fry output for the period 195L-62.

Tnspection of the table reveals that with the
exception of pink salmon the magnitude of the spawning escape-
ménts to the Cheakamus River have not changed appreciably
gince the power plant came into operatibn in}1957, The
sﬁbstahtial increase in production of pink salmon could be
associated with a closure of the Howe Sound fishery which was

imposedvin 1956.
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ADULT ESCAPEMENTS FRY OUTPUT

Year Pinks Chums Coho Chinook Pinks Chums
195 - 12,300 1-2,000% 500-1,000% ,
1955 12,800 9,800 1-2,000% 500-1,000%

1956 - 2,600 2,350 300~ 500"

1957 34,000 45,000 1,000 1,000 | |
1958 - 52,000 4,500 2,000 - 3,900,000 L,000,000
1959 57,000 6,000 1,000 1-2,000% | I,300,000
1960 - 12,000 1-2,000% 300~ 500%™ 18,500,000 20,400,000
1961 300,000 9,300 5,000  2-§,000% 3,600,000

1962 - 28,200 58,300,000 2,500,000

*As reported by the local Fishery Officer.

It 1s significant to report also that few, if any,
salmon have been attracted to the powerhouse tailrace located

on the Squamish River.,

1.1.2 Jones Creek

The Jones Creek Spawning Channel was constructed
in 195l as a solution to the salmon problems created when the
B. C. Electric Company constructed a dam at the outlet of
Jones Lake, diverting the outflow through a tunnel to a
powerhouse located adjacent to the Fraser River elight miles
downstream from the mouth of Jones Oreek. This diversion
gubstantially reduced the normal flows in the lower reaches
of Jones Creek, where a well-established run in the order of
5,000-6,000 pink salmon spawned every odd-numbered year, and

small numbers of chum galmon and coho salmon gpawned each year.
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The channel, 2,000 feet long with a bobttom 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 chammel, a
depth range of 1-2 feet and a velocity range of 1-2} feet
per second wad provided with an inflow of 20 cubic feet per
second. Gravel ranging in size from 1/4" bo 1-1/2" was laid
in the channel to a depth of from 12" to 18". A fish-
diversgion structure was constructed to prevent fish from
entoring the original stream bed which now gerves as a flood
channel for flows in excess of the channel requirements.

Four genspatlons of pink salmon have spawned in
the channel since ibg construstion. As a result of coneist-
ently good egpg-to-f'ry survival (four to six times the'averaga
of natural streams) this native pun has increased pfogressiVem
ly from the 00 fish that survived comstruction of the power
projest to 5,000, The follewing table shows the fry

gubwvivals and the higtory of this mpun.

Numbe r Lges
» Spawning D@pﬁ%ff@d
Total  Above Above
Nuitbe® of Counting Counting Fry Percent
Year Spawners rence ence Output  Survival
1955 1100 100 1,268,000 158,436  37.0
1957 1,456 1,086 9L7,000 363,000  38.L
1959 2,604, 2,119 1,519,000 959,000  63.0

1961 5,000 © 1,388 3,789,300 1,100,000 29.0
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The small runs of chum and coho have spawned
successfully in the channel each year. These species are not
followed closely enough to determine whether or ﬁot 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 $60,800.00,
over half of which was spent on the diversion structure and
the acquisition of land. Operating costs covering inspection,
- 81lt removal, and misgellaneous repairs and maihtenanoe
averaged 91,750 per year.

The eight-year history of the spawning channel
showed it to be a successful solution to the hydroeleotria_
problem at Jones Creelk. In addition, it revealed the
poteptial value of sgpawning channels as a fisheries develop-

ment technique.

1.1.3 Bulkley-lMorice River System (See also Section 2.3,1)

In January, 1961 the B. C. Power Commission
announced plans to develop hydroelectric power on the Bulkley-
Morice River system, tributary to the Skeena River. The
Ainitial stage of the development included construction of a
75-foot power dam on the Bulkley River at Moricetown; this to
be followed in a second stage by donstruction of a storage
dam on the Morice River near the outlet of Morice Lake which

would raise the lake level approximately 20 feet.



b

In 1961 and 1962, biological studies carried out
on the Bulkleylﬁiver gyatem defined the fisheries problems
asgociated with the proposed hydroelectric development.

In 1961, & tagging progrem conducted at Moricetown Falls,

and a survey of the spawning grounds, provided detaills in
connection with the magnitude and timing of the salmon |
migrations, and their distribution within the system. A
gimilar survey in 1962 wag restricted to soclkeye salmon.

The 1961 and 1962 sockeye smolt migration from Morice Lake
and the 1962 sockeye fry migration from the Nanika River were
gtudied to provide details on thelr magnitbude and timing.

The following table dets forth the pertinent details
with respeot to the results obtained from the tagging program

and fishway counts at Moricetown.
o i ! |
b

. Tags recoversed Peak migration
Speciles Number tapged in fishways Pishway counts period (Ll961)
1961 1962 1961 1962 196l 1962 _ ‘
Sockeye 1,132 oh2 32l 19 5,423 96 July 27-Aug. 5
Pinks 1,343 N -~ 8,531 88 August L-21
Coho 288 51 78 12 7,226 1,037 August 10-2)
Springs L7 8 20 10 916 1,169 July 25-Aug. It
Steelhead 150 17 9 - 792 207 August 17-31
Total 3,330 L4158 903 bl 22,888 6,847

On the basis of fishway counts and recovery of tags
‘tha caloulations revedl that the following numbers of adults

reaohed Moricetown.,



Calculated number of fish

Species , | 1961 1962
Sockeye 18,043 9,908
Pinke | 23,96k -
Coho 26,310 -

Although the 1962 sockéye escapement to Moricetown
was caloulated on the basls of only limited recovery data
from the fishways, 1t is consldered to represent a good
measure of the sockeye population level at that point

inasmuoch as the Indian fishery records and spawning ground
suprveys were also consildered,.

| The cateh of the important Moricebown Falls
indian food fishery, as recorded in the weekly ieporté
submitted by the local Fishery Guardlan, la presented by
gpecies for the years 1956-62 in the following table.

Yoar | Sookeye Ohinaook Coho Pink Ohum Steelhead Totai
1956 129 3200  16L7 - - 296 6512
1957 175 2hlo L61 - - 52 3128
1958 165 287L 24 L4 - 112 3399
1959 62l 2508 1258 1021 - 343 5750
1960 Data not avallable

1961 2092 2498 1157 1178 - 6l 7539

1962 6L5 2163 1362 500 Lo 105 5115
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Observations at Moricetown Falls confirm that the
native fishermen, employing gaffs, seriously injure large
numbers of soockeye asalmon. It is estimated conservatively
that there are at least as many figh injured and lost as
there are actually caught. That the majority of these
estimated losses represent an actual loms to the stock 1s
borne out by the fact that virtually no injured sockeye
salmon have been observed on the spawning grdunds, and that
very few even pass through the fishwé.ys°

The estimate of escapement above Moricetown Falls,
as determined by making allowances for the catch of the
Indian fishery and the estimated minimum losses from -

injuriea, 18 get forth in the following table.

Esoapement above Moricetown

Spaoies 1961 196¢

Sockeye ' 14,000 ' 8,500 -
Pink 21,500 -

Coho 7 2l , 000 | - - .

When it was found that there were too few fish
avallable for a tagging-and~recovery program on the Nanlka
River, live and dead counts were made on the spawnling grounds
during September and October. On the basis of these counts
the Nanika River sockeye sscapement has been estimated at
5,000 in 1961 and 3,500 in 1962. 1In the light of the
caloulated 1962 output of 8.5 million fry the 1961 adult
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estimate appears to be low (See Section 2.3.1, Page 95). The
1962 adult estimate whioch was made under better observation
condlitions, 1s considered to be moré accurate.

The exlstence of a signifiéantVSQORGye galmon
spawning population in Morice Lake was confirmed in 1961 and
fe»oonfinmed in 1962 when mature sockeye salmon were caught
in gill-nets at 17 sites along the lakeshore. While sockeye
were caught throughouh the lake the greatest concentrations
were found over an area of alluviél fans situated along bten
mliles of shomreline near its south end. ' 7

The discovery of juvenile salmon in the Atna River
during the surmer of 1961 prompted an examination éf that
gystem during the spawning season., The fact that mature
sockeye were captured by gi11~nets in Atna Lake in both 1961
and 1962 proved that a falls below the lsake was not totally
impassable, aé had previously been reported,

In 1961, the water levels of the Upper Bulkley

Rivepr were too low to permit the entry of salmon during the

sockeye migration perlicd. In 1962, howevér, the loocal

Pishery Officer reported an escapement of L0OO sockeye salmon

to Maxan Lake, which is situated in the headwaters,
Although no major concentrations of spawning pink
galmon were locabed in 1961, scabttered groups were observed

throughottt the'lowar Morice River and in the Bulkley River

‘near the Morice confluence. A foew were'reported to have

ascended the Morice River for as far as 20 miles. No
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gpawning ground surveys were conducted in this area in 1962,

 On the basis of visual observation made from
fixed-wing aireraft and helicopter, it is estimated that
2,000-5,000 ohinook galmon spewned in the upper bten miles of
the Morice River im 1961, This area was not examined in 1962.
A amall number of chinook salmon have been observed in the
upper Bulkley Riven Qnd several specimens have been takenr
from gampling-gill-nets in Morlice Lake.

While the gurveys terminated before the start of
coho spawning, migrants of this specles were observed in the
Bulkley, Morice, and Nanika Rivers, and some were captured
in nets at several sites near the shore 6f‘Morioe Lake. Tt
is probable that this species utilizes all of the accessible
streams in the Bulkley-Morice watershed,

| Steolhead trout have been observed throughout the
Morice River and several which were tagged ab MorLc e town
Palls have been recévered by anglers in the Morice River.
| A continuing study of the Morice River sockeye Fry
and smolts ig being carried out and this work is discussed
in thé gectlon dealing with the Nanika rehabilitation program
(806 Section 2.3.1, Page 95).

Temperature records were obtalned éh Moricetouwn
Falls and from the Morice, Nanika, and Atna Rivers in both
1961‘éhd 1962, 'In addition, vertical temperature series were
recorded at four statlons on Morice Laké during both vears,

These data are not avallable for presentation at this time.
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" 1.1.l Seton Creek

About May 1, 1962 an unusually large number of
dead and injured sockeye salmon smolts were observed in the
tailrace channel of the Seton Creek powerhbuse, near
Iillooet, B. C. Subsequent observations and investigations
by the technical personnel of this Branch and the Interna-
tional Pacific Salmon Fisheries Commission attributed this
mortality and injury to the part-load operation of the
generating unit.

The Seton Creek hydroelectric development, which
was completed in 1956, utilizes almost the entire flow of
the Seton-Cayoosh watershed and that portion of the Bridge
River flow which is diverted into Seton ILake via the Bridge
River power development. The single turbine at Seton Creek
has & rated capacity of 58,500 hp under a head of 147 féet,
and disdharg@s a maximum of [1,500 c¢fs at full load. A
12,500-foot canal, extending from a diverslion dam at the
outlet of Seton Lake, conveys the flow to the powerhouse
which is located on the right bank of the Fraser River l,500
feet downstream frcm the Seton~Fraser confluence. A minlmum
regldual flow ranging from 200-L00 cfs is released into
Seton Creek below the diversion dam to meet requirements for
migration, spawning, incubation and rearing of salmon.

Sockeye salmon migrate through Seton Cresk, ascend
the fishway at the diversion dam, and s?awn in Portage and

Gates Creeks, tributaries to Seton and Anderson Lakes
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regpectively. Annual escapements to these spawning grounds
range from approximately 1,000 to 9,000 fish. The Pgrtage
Creek escapements In the cycle yearslof 195l -58~62 averaged
about 5,000 sockeye, whlle those at Cates Creek in the cycle
yoars of 1952-56-60 ranged from 5,000-9,000. HEstimates
Based on the fact that the 1962 smolt migrants were the
progeny of 5,150 sockeye which spawned in Gates Creek in-
1960 determined that the number of smolts passing through
the Seton pQWerhouse in the spring of 1962 was in the order
of 200,000,

The mortality rate for sockeye smolts passing
through the Seton Creek turbine was determined as 9,2 per
cent In experiments conducted in 1957 by the International
Pacifi§ Salmon Flsheries Commlisslon, which employed, as test
gpecimens, Chilko sockeye fingerlings with an average length
of 3.38 inchaé. Plant conditions during the 1957 tests were:
full load, 1L2 feet gross head, tailwater level 16 feet above
the centerline of the runner distributor, and pressure 1ln the
draflt tube neér the underside of the runner of 1.5 psi above
atmogpheric.

Tn early May, 1962 when dead and dylng sockeye
smolts were'observed in the tailrace, the Seton plant was
operating under varying load conditions ranging from % to
full load. The gross head was 15l feet, and the tallwater
level was 5 to 6 feet above the distribﬁtor centerliné, wi th

the probable result that sub-atmospheric pressures exlsied
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in the draft tube beneath the runner. The average length of
the Gates Creek sockeye smolts examined was .75 inches.
Dead and dying fish netted from the tallrace had gas bubbles
in the fins, gills, and eyes; haemorrhages in the eyes and
at the base of the fins were evident. Many fish also had
injured opercula and haemorrhage of thé isthmus,bwhioh were
attributed to hydraulle shear forces from vortices, etc.

While no precise estimate can be'made of the
mortality experienced at the Seton Creek plant'in 1962,
observatlons of the tallrace during part-load operations
indicated that mortallty was much higher bhan that at fulle
load operation. Extrapolétion of the results of experiments
undertaken by the U. S. Army Corps of Engineers at Cushman
No. 2 plant, and by the Washington State Department of
Figheries at the Bilg Cliff plant, indicates that the mortality
raté at Seton Creek at % load (0.28 gate) could be ag high as
L0 percent. The efficiency of the Seton Creek turbine at
various loads ls as followa:
h2 MW (Full gate) = 92.5%; 30 MW (0.6 gate) = 90%; 20 MW
(0.43 gate) = 8L.6%; 10 MW (0.29 gate) = 659, During the
périod April 15 to May 15, 1962, the Seton plant was operabed
at 30 MW or lees lor L6F of the time, and at 10 MW or less
for 30% of the time. The plant operated at 10 MV for 2/3 of
the peak day of sockeye migration,

It has been concluded that the part-load operation

of the Seton Creek plant during the downstream migration of
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gockeye smolts leads to a very eerious‘mortality at the power
plant, The facts have been put before the B, C. Hydro and
Power Authorlty, which owns and operates the vpower plant,
with the recommendation that in future the Seton Cresk plant
be oberated elther at full-load (best gate), or no load,
during the period of downstream sockeyé migration from Seton

Lake.

1.,1.5 Somags River System

The Somaﬂs River discharges into the head of
Alberni Inlet on the west coast of Vancouver Tsland.,  Two
ma jor headwater lakes, Sproat and Great Central, are dralined
by the Sproat and Stamp Rivers respectlively, which unlte to
form the Somass River some four miles from the sea.

Historically, the system has supported substantlal
populationa of sockeye, coho, chinook, chum salmon and
gteelhead trout. Maximum, minimum, and average spawning
egcapement hy specieg, based on counta qnd esbtimates since

1940, are listed below.

Minimum Maximum Average
Sockeye 6,000 180,000 51,000
Coho 7,000 | 100,000 - 31,000
Chinook 3,000 ' 15,000 8,000

Chun 1,000 15,000 11,000
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The commercial sockeye salmon filshery, which is
malnly local, operates in Alberni inlet and the adjacent
waters of Barkley Sound. Sockeye catches in this fishery
gince 1940 have ranged from a low of 7,000 to a high of
77,000 pieces with an average annual cateh of about 29,000.
These catehes Include an unknown but probably relabively
amall contribution from the Henderson Lake stock. The
commercial cateh of coho, chinook, and chum salmon degtined
for the Somass River system is difficult to assess because
of an intermingling of many stocks.

In 1955, the B. C. Power Commisdsion arnounc ed
plans for the construction of three hydroelectric devélop»
ments on the Somass system -~ the first would entail the
construction of a diversion dam on the Ash River, a major
bributary of the Stamp, and diversion of a large portlion of
1ts flow to a powerhouse on CGreat Central Lake; the second
development called for a new dam at the outlet of Great
Central Lake and the diversion of a major portion of the
Stamp River flow, along with the diverted portion of the
Ash River, bto a powerhouse on Sproat Lake; and finally, the
éonetructiom of a dam and integral powerhouse on the Sproat
River which would utilize the diverted flows and the normal -
Sproat River runoff. In recognition of the fisheries
problems posed by these developments this Branch, since
1956, has conducted detalled amnmual surveys with a view to

obtaining additional data with regard to the itiming,
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distribution, and magnitude of the spawning populations and
their progeny.

Bstimates of the coho populations gpawning in the
Ash, Stamp, and Sproat systems, and of the chinook and chum
egcapements to spawning areas in the Stamp and Sproat Rivers
were obtalned in the fall of 19%6. 1In 1957, these spawning
ground gsurveys were conbinued and the sockeye escapements to
gpawning grounds in the headwaters of the Stamp and Sproat
Rivers were enumerated; the former ag they passed through a
fighway at the outlet of Great Central TLake, the latter as
they ascended a welr at the outlet of Sproat Lake. fn 1958
and 1959, periodic gpawning ground checks from boat and
helicopter were made throughout the system. Daily counts of
Sockéye entering Great Central Lake (Stamp River) were
continued amnually until 1961. Following the 1957 counts,
the Sproatb Lake gockeye escapement was not assessed again
until 1961, The increased reliabllity of spawning ground
counts and estimates obtained in larger streams by personnel
uglng skin~dlving equipment prompted a reassessment of the
Somass, Sproat, and Stamp River coho, chinook, and chum
gpawning in 1960 and 1961,

While complete presentation of the data resulting
fromvthese surveys 1s not within the scope of this report,
an indication of the timing of the coho migration may be
gained from the records obtained at the outlet of Greatb .

Central Lake which show that the average migration commences
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in late August, peaks in mid-September, and continues
'through to mid~October. Similarly; a four~year summary of
the timing of chinook sgpawning in the three major spawning
rivers shows that the modal peaks occur in the Stamp River
invthe last week of October; in the Sproat River in the
firgt week of November; and in the Somaés River just a few
days after the Sproat. The snnual varlabllity in the timing
of the sackeye mlgration is evidenced in the ocounts made ab
the Stamp Falls. flshway, the Great Central Lake cutlet, and
the Sproat River weir from 1956 to 1961, which ahow that
the migration usually comménaas about mid-June aﬁdAexbenda
“bhrough to the first week in October, with the peak normally
ocoﬁrring about mid-July, although the 1958 and 1961 peaks
did ot ocour until the first week in September. The
ocaloulated estimates of escapements based on gpawning ground
and migration route counts are presented in the tablé on
page 18,

Initially, downstream surveys established the
timing and relative magnitude of the seaward migrations
from the major spawning areas. A summary of the data
601160%@& thrgughout the system gince 1957 reveals that
active migration commences before mid-April, peaks from
late April until mid-May, and virtually oeases by early
June, Hecently, emphasis hés been placed on the need for
obtaining reliable estimates of sookeye-smolt\praduotion in

Great Central Lake from which the downstream migrants can



~18-

" Specles Location 1957 1958 1959 1960 1961
Sockeye Stamp River at
~ Oreat Central Lake 90,000 20,000 25,000 1,000 35,000
Sproat River 27,000 - - - 9,600
Coho Stamp River at .
Great Central Take ¥ 9,800 7,000 13,700 5,200 L,L0O
Sproat River X 3,300 - - - 5,900
Chinook Somass River - - - 1,300 2,100
(Spawnling ' % :
ground Stamp River 1,900 - - 1,300 8,500
astimates) : v
Sproat River 9,700 - - 3,000 8,500
Chum Somags River - - - 1,300 1,600
(Spawning
grounhd Stamp River - - - ' 0 100
estimates)
~ Sproat Rilver - - - 1.00 900

*Sproat River fishway and welr counts.
xstamp Falles fishway counts.

leave via alternate routes - Stemp River or Robertson Creek.
The Stamp River portlion of the migratlion was sampled with a

I ox h' inelined~-plane trap, the effici@noy of which was deter-
miﬁ@d from the recovery of marked smolbts released upgtream from
the trap. A total count of the Robertson Ureek mligrants was
facllitated by the installation of a Wolfe-type trap. Using
Athése methods the smolt production of CGreat Central Lake was
saloulated to be 1,9 million 1n 1960 and 500,000 in 1961.

Age analysls of scale samples taken from smolts and adults in

1957 and 1961 indicates that over 90 percent of the sockeye

x
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population migfate‘fo sea in their:&econd'year aﬁd.retufn to
gpawn in their fourth year. On the basiz of a four~year
cycle, the 1960 smolt'produoﬁibn reéulted from E0,000‘Spawners
in 1958 while that of 1961 stemmed‘from 25;000 gpawners in
1959, These repreosent an adult-to-smolt produetionvratia of
1:98 and 1:20 respectively.

In 1962, the sockeye smolt migration from Great
Central Lake had commenced by March 27, when the trap was
ingtalled, and was virtually completed by June e A well-
defined peak was not evident but the major migration oscurred
be tween April 20 and May 20, A preliminaryAeétimate places
the total population at 180,000 smolts, and assuming that
these are theé progeny of the 1960 escapement of 11,000 adults,
this represents an adult-to-~smolt production ratio of 1:13.

Approximately 15,000 éockeye wore taken by the
commercial fiahery from May.ZQ'to Augunst 7. |

The 1962 sockeye-counting program undertaken at
the outlete of Sproat and Great Central Lakes determined that
the migration commenced in the first week of June, inereased
to a broad peak during July, and continued at a relatively
low level throughoub August,‘séptember, and early October.
In contrast to previous years, however, counts were made only
on alternate days durlng the hours of maximum migration, and
the counts for the intervening days were assumed to be the
mean of the actual couﬁts obtained on the preceding and

following days. Periodlecally, 2h~hour counts were made to
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establish the diurnal migration pattern. The results of
nine 2lL-hour counts revealed that 88 percent of the sockeye
mlgration occurred during daylight hours at the Sproat_Lake
counting site and 70 percent af the Great Central Lake count-
ing site. _

The 1962 gsockeye esoapement.to the Somass River
system was calculated to be 31,000, 17,000 of which entered
Sproat Lake, while the remaining 1l.,000 entered Great Central
Lake. The Great Central escapement plus that portion of the
cateh destined therefor (estimated to be 6,000 sockeye) is
the return from the 1960 smolt emigration and represents a
smolt-to-adult survival of 1.1 percent. Spawning ground
counts of coho, cehinook, and chum were not undertaken during
the year.

Ag an adjunct to the annual sockeye counts
obtained at the Great Centrel fishway and the Sproat weir,
records of the vislble injuries to migrants have been main-
tained since 1959. The average annual incidence of injuries
at the Sproat River site has not exceeded two percent while
that at Great Central (Stamp River) has ranged between five
énd eleven percent. In recent yoars, Departmental persomel
have expressed dlssatisfactlon with the attractive qualities
.of the upper fishway at Stamp Malls at some river levels,

On the assumptlion that thls conditlon might contribute to
delajs and encourage attempts to surmount the series of

falls which the fishway bypasses, a biological assegsment of
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the fishway operation was undertaken in 1962, During the
period July 20th to July 2lth, when observers were stationed
at the flshway and at the lowermost falls, the maxlmum
houriy count of sockeye passing through the fishway was 72,
while the maximum hourly count of attempts to surmount the
falls was 1,236. Through the co-operation of MacMillan,
Bloedel and Powell Rlver Company, which controls the outflow
from Great Central Lake, the river discharge was increased
from 1,170 ¢fg to 1,740 cfs during a 2l~hour perlod on July
25th and simultaneous counts during thls period revealed
that the hourly fishway counts had increassed to a maximum of
306 while the number of attemptes at the falls had decreased
to a maximum hourly rate of 1l6. Td the 2h-hour period
following resumption of "normal'" dilscharge, the hourly
fishway counts did not exceed eight while the attempts at
the falls reached an hourly maximum of 898,

Tn addition to counting the total number of
attempts to agscend the lower falls, the observers also kepb
a record of the number of apparent successes and the possible
injuries. At "normal'" diascharge, 1t wasg found that less
ﬁhan gix percent of the attempts were apparently succesgful,
and more than ten péroent were assumed to have sustalned
injury due to forecible contact with the canyon walls. With
increased discharge, over seven percent of the attempts were
judged successful and potential injuries rose to nearly

twelve percent.
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No change in weather conditions or stream tempera-
ture occurred during the assessment period, and recruitment
to the population holding below the falls was observed to be
négiigible. It appears therefore that the improved attractive
qualitiea at the fighway entrance, coupled with the increased
velocities and turbulence at the falls resulting from the
increasged discharge,‘signifioantly increased the efficiency
~of the flshway and greatly redused the potential losses
~abttributable to damage and delay.

In the 1light of these .and previous observations
remedial measures to improve the atbtractive qualities of the
Stamp Falls fishway will be undertaken in the summer of 1963
(See Section 2.1.5, page 87). '

1.1.6 puntledge River

The fisherlies problems on the Puntledge River
arose 1in 195 when the B, C. Power Commigsion took over the
original water licence held by Canadian Collieries (Dunsmuir)
Ltde, and rebullt the hydroelectric installation to increase
its capacity from 7,000 kw to 35,000 kw. This increase wag
gecomplished by the construction of a new powerhouse, a new
impounding dam, and a new intake, which could divert up to
ﬁhree times ag much water as that which had been utilized by
the original development in a period of over 30 years.

The fisherles problemé created by this redevelop-
ment are associated, primarily, with a population of approxi-

mabely 3,000 sarly-run chinook salmon which spawn upstream
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from the powerhouse. The main problems are:

A. Safe Passgage of Downstream Migrants -

Ag a result of a study which showed that 30-)0 per
cent of young salmon passing through the powerhouse
turbines are killed, temporary salvage measures
have been employed each year to trap and remove a
substantial portion of these fish from the intake.
This program reduced the numbers of young fish
entering the turbine by 35 percent but 1t was
never c¢onsidered to beAmore than a btemporary means
of alleviating thls problem.

B. Pagsage of Adult Salmon Upstream Beyond the Powerhouse -

Adult salmon are delayed at the tallrace pool of the
powerhouse where they are attracted to the large
volume of cool water emanating from the turbines.
During this delay considerable injury, fatigue,

and mortality are sustained as a result of these
figh moving into the draft tubeas, fighting the
strong currents, and being thrown back against the
‘structure. The installation of a welr upstream
from the powerhouse provided the means of assessing
thege injuries and of obtaining an indication of
the lmmediate mortality. Observations on the
spawning ground revealed the extent of the latent
mortality whioch occurred when high temperature

accelerated fungus intrusion of the minor injuries,
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causing a large perceﬁtage of the recorded
mortality. The Power Commission carried out a
geries of water releases each year and these
achieved some succegs In moving the fish away fr@m»
the influence of the tallrace and upsg tream toward
the spawning ground. They alsgo installed a guard

rack to prevent {ish from swimming into the draft

- tubes. These bemporary measures only slightly

reduced the incildence of injury and mortality.

Pagsage of Upgtream Migrants Over the New Impounding Dam -

Reconsgtruction of.the impounding dam rendered the
exiating fishway inoperable so the Power Commission
congtructed an entirely new fishway, based on the
design prepared by this Brénoh, to allow fish to
continue to enter Comox Lake.

Maintenance of Minimum Flows for Migratlion, Spawning,

Incubation, and Rearing -

The threefold increase in the rate of wabter usage
at the new power development could result in
inadequate flows for fishéries purposeé at certaln
times of year., Accordingly, a aschedule of minimum
flow requirements was prescribed to ensure that
adequate flows are maintalned in the following
river reaches,

-~ downstream from the powerhouse, for gpawning and

incubation of chums, pinks, and the late-run chinooks.



- between the powerhouse and the chinook sgpawning
grounds, located upstream from the diversion dam,
to facilitate the upstream and downstream migra-
tions., Determination of these requirements
relates primarily to the provision of adequate
flows for the adult migrations at Stotan and Nib
Palls, the transportation requirements of the-
downs tream migrants, the requirements of trout and
salmon rearing in thils reach, and the need to
provide suitable water condltions for anglers,
~ betwoen the impounding dam, and the divergion dam
and plant intake, to provide for spawning and
incubation of the upriver chinook run. Fulfillment
of thls requirement has not proved to be a problem
inasmuch as the powerhouse flows are conducted
over this reach,
The inveshlgations into these problems were
completed in 1958 and the covering report recommended that:
- g louver screening system be installed at the intake
to prevent thé entry of downsitream migrants.
~ & barrier dam, fish collection works, and a trucking
gystem be emploved to facilitate the transportation of '
ups tresm migrants from below the powerhouse to the |
head pond of the diversion dam.
- a fishway be bullt at the new Comox Lake impounding

dam (now built).
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- 8 revisgsed schedule of minimum flows be adopted in
order to allow for reduced flows in the reach hetween
the spawning grounds and the powerhouse.

The Power Commisslon estimated that the proposed
fish facilities would cost $720,000, and on the grounds that
these costs could not be justified economically, or that the
Department should, at least, underwrite a substantial
portion of thelr costs, 1t took no action to implement the
recommendations laid down in the Report.

In December, 1961 the Government of British
Columbla appointed Dr, Henry ', Angus as sole Commissioner
to inquire into the problems on the Puntledge, including
the economics of the proposals. At the hearings which were
convened in March, 1962 in Vancouver and Courtenay, major
briefs were presented by the Power Commlssion and this
Department. An additional 15 submissions supporting the
fisheries case were presented by the Provincial Fish and
(tame Branch, the fishing industry, the fishermen's union,
varioug commercial and tourlst interests, and several I'ish
and Came Clubs. Two additlonal submigsions gave a small
measure of support to the B, C. Power Commlsslon's case.

Upon completion of the Inguiry, Dr. Angus submitted
a 33-page, two-part report to the Government of British
Columbia and this was released to the press in September,
1962. The first part dealt with the immediate lssues in

line with his terms of reference. His analysls arid
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digcusgion of all aspects of this case led him to the
following recommendations. .

"That the works suggested by the Department of

Misheries bhe constructed ag expeditiously and

econontically as possible; and that the entire

cost of these works be paid by the Power

Commission (or its successor)'.

The second part of the report dealt with wider
issues and pointed'to the Puntledge as an example of the
difficulties assooiated with multiple-regsource development.
Dr. Angus expects that conflicts of interests, such as that
which arcose on the Puntledge, will recur and he suggests
that political and leglslatlve action are required in order
fhat future multiple~interest resource developments may be
undertaken without encountering such obstacles,

No action hag been taken to dats to implement the
recommendationg of the Inquiry, nor has the Department been
given any information concerning the future course planned
by the Provinelsl Government or the Power Commissionts

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

1.1.7 Whitehorse Rapids

The Whiltehorse Rapids hydroelectric development
of the Northern Canada Power Commission is situated on the
YTukon River approximately two miles’south of the city of
Whitehorse, Yukon Territory. TIts main featﬁres include a

60-foot-high earth~fill dam with integral concrete splllway;



oS -

a power canal by meang of which {lows are conducted to the
plant intake; and a powerhouse, located some 2,000 feet

downg tream from the dam, which houses two 7,500 hp propellor-
‘type turbines, Congtructlion of thls development was
inltiated in the spring of 1957 and the plant was brought
into service in November, 1958,

-The Yukon River, in the vicinity of Whitehorse,
gupports important populations of resident specles, such as
Arctio Grayling, Lake Trout, Least Cisco, and others, and it
gerves also as the migration route for an important run of
chinook salmon destined, primarily, for the M!Clinbock River,
tribvutary to Marsh Lake, While precise population estimates
were hot-available until after the power development came
into being they were known to be substantial enough to
warrant the congtruction of suitable figsh-protective facili-
ties at the dam and powerhougse., In thls comnection, the
local resildent species were important from the recreational
viewpoint whersas the chinocolk salmon contribute to substantial
native subsistence figherles not only on the local level but
also along the lower reaches of the Yukon River throughout
the Yukon Territory and the State of Alaska.

In 1957, construction of the dam had not progressed
to the point where the structure interfered in any way with
the normal migration patterns, By 1958, however, all river
flow was being diverted through the incomplete concrete

spillway where the velocity was so swift that 1t created a



-2

total barrier to all upstream migrants. Imergency salvage
operations, consisting of a temporary timber fishway leading
to a holding pool from whence the fish could be trucked
around the obatruction, were therefore employed, but when
this proved to\be ineffective (reasons unknown), flgh were
netted below the dam, placed in a tank truck and returned

to the river upstream. By 1959, the permanent fish facili-
tlies had been congbructed and these have been in service
ever sgince.,

The permanent figh facllities conslst of a power-~
housge collection system and bypass channel by means of
which fish attracted to the flows issuing from the powerhouse
are led back to the river several hundred feet upstream
from the tallrace; a barrier dam, located between the
powerhouse and the power dam, which constitutes a total

barrier to all upstream migration and serves to lead fish
vto the right (east) bank location of an integral fishway
entrance; and a welr-type fishway, approximately 1,200‘feet
long, by means of which fish can ascend to the forebay of
the power dam from whence they can contlinue upsgtream
unimpeded. WNo facilities have been provided for downstrsam
migrants ag it was consideredvthat losses, 1L any, would be
light.

A counting trap which was incorporated into the
figshway near the exit has been opsrated each year since the

facilities came into service. While it was hoped that it
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would be posslble to count all fish passing through the
structure excessive debrig and turbidity in the spring have
made 1t imposgsgible to do so for species other than salmon.
Reliable counte have been obtained, however, for the latter
gpecies, which migrate upstream past the site in August.
The actual counts ol chinook salmon have been:

1959 - 1,05l

1960 - 660"

1961 -~ 1,061

Tn 1962, it was not possible to assign an

individual to this project on a full-time basis and a
complete count therefore was noﬁ obtained. However, the
local Mighery Officer, In co~operation with the operating
pergonnel of the power station, obtained some daily counts
and these in conjunction with visuwal observations of numbers
of fish in the river below the fishway entrance led to the
conolusion that an estimated 1,500 chinook salmon migrated

through the fishway In 1962,

1.1.8 Pulton River

Barly in 1961, the B. C. Power Commisaion
announced plans for a hydroelectric development on.the Fulton
River, which would congist of a dam at the outlet of Fulton
Lake, a powerhouse located gome distance downstream at the
bage of the falls, and an interconnecting tunnel and
penstock. Although the entive development would be ]ocated

*mstimated 100 additional chinook salmon taken in native
fighery which was operated downstream this year only.
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above the uﬁstream limit of salmon migratlon, its possible
effects on the lower reaches of the river required that all
relevant factors be asgessed to ensure that the figsherieg
Interests could be adequately protected.

The Milton River constitutes the most valuable
sockeye salmon gpawning area tributary to the»main bagin of
Babine Lake. During the years 1953-60 the sockeye salmon
edgoapement to thls river, as estimated by the local Fishery
Officers, have ranged from 17,000 to 140,000, with an annual
average of 90,000,

In August of 1961, a study was initiated to deter-
mine the magnitude, timing, and dlstribution of the sookeye
salnon spawning escapement. Thls study included a tagging
propram located near the mouth of the river and an extensive
dead*feoovery program on the spawning grounde. The gpawning
pqpulatioh wag also sampled for size, composition, egg
oontent{ and success of spawning.

A downstream-sampling program, employing equip-
ment which permitted vertical and horizontal sanmpling
within a cross-section of the stream; was conduected én the
Fulton River during May and June of 1962, to measure the fry
output from the 1961 spawning, and to define the period of
downeg bream migration,

Temperature reaordSVWQre taken during the months
of salmon migration at statlons located at Fulton River and

Fulton Lake.
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A summary of the tapgging-and-recovery data, and

gurvival are presented hereunder.

Adult Number tagped 7,185
Number of tags recovered 3,590
Number of dead recovered 98,527
Calculated number of fish 189,049
Calculated egg deposition 237,705,770
Try Caleculated number of fry 25,323,613
Percent egp-to-fry survival 10.7

The sex ratio of the 1961 adult escapement hag
been calculated at l5.2 perecent females, Ll..6 percent large
males, and 10.2 percent jacks.

A few adult sockeye were present on the spawning
grounds when the study wasg initiated on August 11, but no
gignificant numbers appeared until August 2. The peak
period of entry to bthe river was August 30 to September 15
and spawning reached a peak during the last two weeks of
September.

The sockeye fry migration which had just begun
when the downstream studies were initliated on May 2, was
still in progress when sampling was terminated on June 21,
but the bulk of the migration had occurred between May 15
and June 15, with May 29 being the calculated peak night.

I'ry migration at the sampling site was restricted
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almogt entirely to the hours of darkness, with the nightly

peak consistently occurring between 11:200 p.m. and 1:00 a.m.,

An ilmpassable falls, aporoximately four miles
from the mouth of the Fulton River, constitutes the upstrean
limit of salmon migration. With the exception of a few
gsalmon which utilized the area immediately below the falls,
gpawning wasg confined, vrimarily, to those reaches lying
between the lower one-third mile and the upper one-half mile
of the river,

Tn 1961, water temperatures were recorded al
two gites: one near the outlelt of Fulton Lake and the other
at the downstream end of the gpawning grounds. In 1962,
temperatures were recorded at the lower mite only. While
temperatures in excess of 70°F were recorded at the beglnning
of adult migration the dally mean tamberatures at the down-
gtream site, during the peak period of migration and spawning,
ranged between 47.5° and 61.0°", During the 1962 fry |
migration the daily mean temperatures recorded at the lower
site ranged from 39.3° to 51.5°F,

During July and August of 1961, temperatures
above the falls were congistently lower than ﬁhose at the
downstream gite, with the maximum recorded increase of dally
mean temperature between the two éites being l..7°F which
occurred on August 1. During September and October the

gl tuation was reversed.
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Vertlical temperatures were recorded ab Fultoﬁ'
~Lake during the period June bto October of 196l. A thermo-
cline which was first noted on July 23 at a depth of 12 feset,
was gltuated at approximately the same depth on August 22,
but by Septamber 18 it had descended to 39 feet. By Octlober
16 the lake had approached an igothermal céndition.

A comparison of temperatures in the lake and
river on July 23 and on August 22, indicate that the river
we.d draWing, in part, from within the thermocline; and 1t
wags concluded from this that a surface spill over the : -
propoged dam abt the lake outlet could cause dangerous temper-

ature increases on the spawning grounds.

1.1.9 Campbell Diverslons

In the'mid~1950's the B, C. Pow@r Commiésion (now
the B, C. Hydro ana Power Authority) proposed to divert part
of the flows of fhe Salmon, Quingam, and Heber Rivers from
thelr normal coufses to the Campbell River watershed in :
order to increase the hydroelectric output from the exlisting
generating stafions on Ehat gystem. The Salmon and Quinsam
Rivers sﬁpport valuable rung of coho and pink salmon in
additlon to a few chihook salmon and steelhead trout, while
the Heber River is noted primarily for its steslhead trout.

While the proposed polnt df diversion, in each
instance, Qas located above the normal upstream limit of
galmon and tgout migration, it was foreseen that there wag

a need to gpecify minimum flow requirements for flsheries
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purpogesg in the lower reaches of each of these privers,
Otherwise, unprecedented low flows might occur and these
could be expected to result in fisheries losses. However,
avallable information was not such that these minimum flow
requirements could be readily determined at that tim@;

Accordingly, arrangements were made with the power agency

- whereby congtruction of the diversion works was allowed to

proceed immediately on the undersgstanding that their opera-
tion would be subject to providing minimum floWs a8 goon ag
theybcould be defined. Comprehensive gtream-gauging
programs were therefore initiated lmmediately with a view to
collecting these data as goon as posasible. In this connec-
tion, a complete aschedule of f[low r@quifements wag not
developed until 1962, and these have now been accepted by
8ll parties. These are:

A. Salmon River

(a) a minimum flow of 100 cfs at the head of the
apawning grounds during the migration énd apawning
periods (Augusﬁ 20 - November 15).

(b) a minimum flow of 83 c¢fs throughout the balance
of the year..

(¢) if natural flows are lessg than those prescribed
in (a) and (b) all diversion shall ceasge and the
entire flow will be released to the lower river,

B, Quingsam River

(a) a minimum flow of 60 cfa at the head of the
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spawning grounds during the spawning and migration
-periods (September 1 - November 15).

(b) two feet of storage in the Upper Quinsam Lake
regervolir to be reserved exclusively for fisheries
purposes in augmenting releases below the point of
diversion at those times when inflow is not
gufficient to meet the fisheries requirements.

(¢) the rate of diversion may be restricted during
the balance of the year if necessary in the
fisheriés interests,

Ouv Heber River

The rate of diverslion may be restricted at any time

of year 1f necessary in the fisheries interests.

Whiie it was originally intended that the agreements
reached in the case of the Quinsam.and Heber diversiona should
be as well-defihed as those on the Salmon, the complex runoff
patterns of the former and the relative isolation of the latter
'have proven to be such that the cost of obtaining the necessary
bdsic data 18 out of all proportion to the benefits gained
tﬁereby“ Under the clircumstances the conditions outlined in
tﬁe foregoing seem to be a reasonable compromisge, and, in

fact, they appear to be working out well in practice.

1.1.10 Rampart Canyon

During the last several years the U. 8. Corps of
Fngineers has been conducting preliminary feasibility studies

in connection with a proposed gigantic power development on
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the Yukon River at Rampart Canyon, approximately 75 miles
from Fairbanks, Alaska. The development under study contem-
plates the constructiaﬁ of a Li0-foot-head dam on the Yukon
main stem which would alienate all salmon runs to the upper
Yukon River in the Yukon Territory, if sultable fish pagssage
facilities are not incorporated therein. Since these runs
contribute to an important native subsistence fishery In the
Yukon Territory this Branch has been concerned with the
proposed development,

Preliminary engineering and economic studies
related to this development reportedly have been f[avourable.
VMore detailed studies are now In progress and in this connea -
tion the sum of $300,000 has been allotted to U. S, Fish and

Wildlife agencles to determine the presence and relatlve
abundance of fish and game which might be affected by the
proposed hydro development. While the report on the outcome
of these studies will not be completed until June 30, 1963
an excellent lialson has already been established between
this Branch and the responsible U, S, [isheries &genciea in
order that the Department can keep abreast of not only the
results of the Rampart flsheries surveys, but also the
progress being made on the entire project. To this end,
repregentatives of this Branch met with senior officials of
the U, 8. fisheries agencies in Juneau, Alaska in April, 1962
in order to impress upon them the importance which Canada

attaches to the Yukon salmon runs (See Section 1.1.7, page 27)
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the Provinecial Fish and Game Branch, and negotiations with
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~and to be brlefed on the progress of the U, 3, fisherles

gtudles, particularly as they may relate to the Canadlan
interests. A further meeting 1g contemplated for the gpring
of 1963 at which time the results of the 1962 surveys will

he reviewed,

WATER SUPPLY

1.2,1 Capilano River

The Cleveland Dam, constructed on the Capilano
River in 195l by the Greater Vancouver Water District to - .
Improve i1its domestlec water supply system, 1a over 300 feet
high, and the accompanying reservoir is three and one-guarter
miles long. Small populations of pink and chum salmon sgpawn
in the reaches below the dam and coho salmon and steelhead
trout ubilize spawning and rearing areas located above the

regervolr.

Joint investigabtlions undertaken by this Branch and

the Water District, resulted in the construction of the
following fish protective works: a diversion weir, filshway,
holding pool, bralling pool, hopper pool, hopper, and tank
truck. These facilitles have operated efficlently and no
insurmountabie problems have been encountered to date.

The annual numbers of fish transported above the
dam since trapping and trucking operations were inltiated in

July, 195l are listed below.
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Date : : GCoho . Steelhead
1954 2915 L7
1955 1.999 137
1956 1.8 B 82
1957 5062 25
1958 3789 95
1959 2785 21l
1960 3663 161
1961 2119 39
1962 2636 87

A ski~Jjump~type spillway was incorporated into the
dam to minimize the losses of downatream migrants. In 1955
and 1956, joint studies conducted at the splllway indicated
that the mortalities of coho and steelhead smolta, over a
widely varied range of discharges, averaged 57 percent and
69 percent respectively. These mortality rates were
confirmed by further tests conducted in 1958 and 1959.

In conjunction with the splllway tests, additional
atudies, involving the enumeration of coho smolts entering
aﬁd leaving the reservolr, were conducted during the period
of downstream migration. These studles indicated that some
residualism is occurring within the reservoir where smolts
are rearing to both the sub-2 and sub-3 stages.

While detailed studies have not been undertaken on

the Capilano River since 1959 this Branch hag maintained an
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- accurate record of the numbers of coho and steelhead trang-

ported around the dam.

1.2.2 Alberni Pulp Mill (Sproat lLake)

The water supply bto the MacMillan, Bloedel and
Powell River Limited pulp mill at Alberni is drawn by pumps
from the head of Stirling Am 6f Soroat Lake from whence it
ig trangported approximately five miles by plpeline to the
mill.

Important stocks of sockeye and coho galmon are
found 1n the Sproat aystem, and Sproat lLake serves as their
rearing area., To protect these species the intakes to the
pump well were fitted ordginally with acceptable-type
stationary screeng, bul successive boosts in the mill water
‘demand in the intefim were accompanied by increasez in the
approach velocity to the screens. By 1958 salmon fry and
gmolts woere first noticed in numbers impinged on the screens
and it wasg concluded that the veloclty of approach was too
high to ensure the escape of Juvenile fish from the screen.
The Company's cooperation was enligted and plang to remedy
the problem were prepared., These involved the construction
of a new intake gtructure, fitted with two self-cleaning
travelling screens and 2 double row of timber sheet piling
which formed a channel through which water was drawn from the

intake to the exigting pumphouse. At that time the maximum

expected mill demand was 39,300 US gpm (87 cfyg) and the intake
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was so designed that the maximum velocity of approach at
minimum submergence would not exceed the accepted standard
velocity of approach of 0.40 fpg for this type of installa-
tion. Thess works were constructed in 1959 and there has
been no evidence since then to indicate that young salmon
are being killed at this site.

In 1962, however, the mill was undergoing another
ma jor expanslon which envigaged an lmmediate increase in
demand to 52,300 US gpm (116 cfg) with provigion for an
ultimate demand of 65,300 US gom (145 efs). To facilitate
these plang the Company has congstructed a new pumphouse
adjacent to the original one, and as a result of Company
liaison with the Department, the two intale bays have been
fitted with gelf-cleaning travelling screens similar to
thoge at the existing pumphouse., The excavation for two
additional intake bayg and a future expansion of the new
pumphouse. have been completed but construction will not be
initiated until the need becomes apparent (probably in
gseveral years).

Nelther of the pumphouses are equipped with fish
bypaszes and this deficiency has been becoming a matter of
increasing concern as the mlill conbtinues to expand. In this
connection, the pumphouses are located at the head of
Stirling Arm, and when migrants are blocked at the intake
gereens they must reverse thelr direction of migration for

approximately 14 miles in order to obtain egress from the
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Lake via the only outlet, Sproat River. When the original
pumphouse was congtructed 1t was concluded that the amount
of water to be diverted was so small in comparigson with
normal lake outflows that only a relatively small proportion
of the downsgtream migrants would he attracted to the
diversion; and that those fish that were go attracted would
easily find their way to the natural outlet when they found
their path blocked by the intake screens. This theory
proved to be correct inasmuch as there have been no reports
of unusgually large concentrations of migrants in the vieinity
of the pumphouse at any time,

Preliminary studies have indicabted that construc-
tion of a suitable bypass, if feasible, would be an extremely
cogtly undertaking but the Company has been advised that any
future expansions, beyond those already announced, will be
subjected to a more.critical review than those in the past. -
In the meantime the two pumphouses now in service will be
walbtched very carefully in order to determine whether or not .

the problem outlined above 1s likely to materialize:

1.2.3 Elk Fallg Pulp Iill (Campbell River)

The water supply for the Crown Zellerbach (Canada)
Iimited, pulp mill at Dunc an Bay, near the town of Campbell
River, is drawn from the Campbell River by means of a
diversion canal and pumphousé, from whence 1t is conveyed
through a pipeline some two miles to the mill., The mailn

spawning grounds for a valuable stock of chinook salmon are
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gituated between the point of diversion and the John Hart
powerhoudge, approximately one mile upstream.

When the diversion was first contemplated in the
early 1950's the Department contacted the Company, and as a
regult of technical diacussibns the Company agreed to install
gtationary screens to exclude fry and smolts from the pump-
house. These screens subsequently proved to be effective
but 1t was found that because they were locatbted.at the end
of a 100~foot-long intake channel from the river there was
a need to provide a sultable bypass Lo reburn fish from the
faoe of the soreens to the river. Accordingly an 8-inch
bypass pipe, approximately 150 feet long, was installed for
thia purpose. Tt proved to be rather ineffective beceunse of
the low head available bub no large accumulations of fish
have been recorded at the face of the screens.

In 1962, when the Company announced plans for

inoreaging this diversion, this Branch met with its repre-

.sentatives to review the plans in order to define the
possible effects on the local fish stocks. As a result of
subsequant negotiations it was agreed that the existing
pumphouse and a new one to be constructed alongside would
be fitted with self-cleaning travelling screens which would
provide for a maximum approach velocity of 0.40 feet per
second at minimum submergence and the maximum expeched demand
of 40,000 US gpm (89 efs)., Furthermore, it was agreed that

the bypass sghould be abandoned as i1t had been largely
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ineffective for its intended purpose. In its place the
Company agreed to excavate the new intake channel in such a
way that its downstream (réferring to the direction of river
flow) bank would be flared out at an angle of L5 degrees to
the upstream bank, whioh would be perpendicular to‘the river.
In thiHFWay the pumphouse, in elfect, was moved to the edge
of the river and instead of being confronted with a dead=end
channel, as previously existed, fish which are attracted to
the intake are expected to continue downstream readlly when
they approach the screena, 'The guantity of water diverted i1s
gmall in comparison with the regulated minimum flows emanating
from the powerhouse upstream go it has not been necessary to
date td egbablish a minimum flow for fisheries purposes in
the lower river.

| Work on this project was underway in 1962 and the
gitvation will be watched clogely when the installation comes
into service in order to be certain that it is fulfilling the
intended purpoge.

1.2, Nanaimo Pulp Mill (Nanaimo River)

In 1949, MacMillan, Bloeedel and Powell River Ltd.,
as 1t is lmown to-day, wag congtructing a pulp mlll at a
aite on tidewater approximately five miles south of the city
of Nanaimo. A%t the same time it was conatructing along the
banks of the Nanaimo River, some seven miles away, a number
of Ranney wells whilich were expected to draw a ¢lear, filtered

water from an "underground lake" for use in fulfilling the
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mill's water demands.

Nanaimo River supports important runs of chinook,
coho, and chum salmon, and steelhead trout and while it was
recognized that the Company would not be drawing water
directly from the Nanaimo River, this Branch consldered that
the latter probably was at least partly responsible for re-
charging the "underground lake", and there was a need to
gpecify a minimum flow in the lower river for fisheries
protection. As a result of subgequent studies the Department
recommended to the Company that a minimum flow of 39 cfs
(minimum daily flow recorded in the river up to that time)
be provided in the lower river at ali times.

When the mill came into production it was reported
Ahat the Ranney wells were proving to be incapable of fulfil-
ling the millts demands."ln any event, the Company began
construction, almost immediately, of a pumphouse, near the
gites of the Ranney wells, which would draw waber dir@@tly
from the Nanaimo River. The Company subsequently agreed to
inatall étationary gcreens at the intake to the pumphouse,
but because the structure was to be located at the river
edge there was no need for a bypass., Furthermore, the
Company agreed to maintain the 39 e¢fs minimum flow require-
ment for fisheries purposes in the river below the point of
diversion.

By 1953, the Company had constructed a storage

regservolr at Fourth Leke, in the headwaters of the Nanaimo
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River, for uge in augmenting normal low flows In the lower
reaches of the river. At this time the Company was author-
ized, by the Comptroller of Wabter Rights to divert from the
gystem at a maximum rate of 100 c¢fs, and the addition of
30,000 acre-feet of live sborag@ engured that the Company
would be able to fulfill 1ts mill demands and the recommended
minimum flow for filsheries at all times.

In 1962, however, the Company applied to the
Gomptﬁoller of Water Rights for a license to divert an
additioral 25 cfe (an aggregate of 125 cfs) from the Nanailmo
River, To faciiitate this diversion the Company proposed to
congtruct a second pumphouse on the Nanaimo River alongside
the existing structure. This Branch objected to the applica-
tion pending approval of fisherles protection at the new
pumphouse and assurance that adequate flows would bé
'maintainad in the river below the point of diversion,

No problems were encountered Iin convineing the
| Company that the intakes to the new pumphouse should be
adequately screened to prevent entry of small fish, and it
has agreed to ingtall sellf-cleanlng travelling screens in
the intakes to both pumphouses, Since there is no need for
a bypasgs at either intake the flsheries problems assoclated
with the pumphousés have been resolved satisfactorily.

With regard to minimum flows in the lower river
the Company has been approached with a view to providing, at

least in some years, a larger minimum flow than that which
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has been required in the past (39 cfg). Evidence which has
come to light since the initial minimum flow recomméndation
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, rather than
39 cfg, which was the minimum daily flow recorded up to that
time. Furthermore, periodic reports from the Departmentts
local field officers suggest that 39 cfs 1s definitely too
low for fisheries purposes. Accordingly, this Branch
initiated studies to determine whether or not it would‘be
posgible to boost the minimum flow requirement wilthout
impairing the output of the mill.

These studies disclosed that in the driest of the
13 years studied 1t would not be possible to provide more
than 39 ofs, as even this amount would require almost full
drawdown of the regervoir. However, these studies also
disclosed that in most years a minimum flow requirement of
39 efs will result in only moderate drawdowns of the reservoir
and that 1t therefore would be possible to provide more than
39 ofs moagt of the time. In the light of this development a
rule curve for operation of the Fourth lLake reservoir was
gubmitted to the Company. This curve contempiated 8, minimum
flow of 75 cfs at thosge times when there was not a waber
shortage, but allowed for a reduction to 39 cfs in extreme
drought periods. Computations which agsumed that the rule
curve wag employed during the 13 years of discharge records

digelosed that the extreme drawdowns would have been no more
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gevere than thogse required for a continuous minimum flow of
39 cfa, although an average minimum flow in the order of

60 cfs would have been maintalned. As this seemed to be a
reagsonable golution to this matter the rule curve wag
discusged wlith repregentatives of the Company. To date,
however, no final agreement has been resached and negotiations

will be continued in 1963.

MULTI-PURPOSE DEVELOPMENTS

1.3.1 Prassr River Board

Recognition of the growing need for an advigory
board to recommend a TesOUrces development program for the
Fragser Rlver basin resulted in 19,9, in the formation of the
Dominlion~Provincial Board, Fraser River Basin, which conglsted
of five members each from the Federal and Provinclal govern-
ments. DPuring its term in office this Board collected a

wealth of basig data in connection with the resource potential

- of the basin but it was superseded‘in.IQSS by the 'raser River

Board, which was charged with more specific terms of reference.
The TFraser River Board COnsistS of four members -

the Director, Pacific Area, of the Department of I'lsheries,

and the Director of the Water Resources Branch of the Depart-

ment of Northern Affalrs and National Resocurces, representing

the Federal Government; and the Comptroller of Water Rights,

and the Surveyor-General, of the Department of Lands and

Forests, representing the Provinelal Government. This Board

fulfilled its specific terms of reference with its submission
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of an Interim Report on Flood Control in June, 1956, which
wag followed, in June, 1958, by the Preliminary Report on
Flood Control and Power - the latter, for the most part,
gupersgeding the earlier report.

The Preliminary Report discusses three alternative
gchemes for the optimum development of the hydroelectric'
potential of the system, each of which would be capable of
providing over 5,000,000 kw of power while alfording the
degslred degree of flood control.

Thege studies were not restricted to a complete
plan of development of the basin because the Board felt that
the urgent need for flood control, as demonstrated by the
flood of 1948, was of more immediate importance than the
production of power, and becauge of the serious figheries
problems asgociated with full development. Studies of
alternative systems of partial development were carried out
therefore to determine whether or not they could meet the
following four requirements.

~ To provide the desired degree of flood control.

- To be compatible with the fisheries interests.

- To be economically self-supporting through the

production of power,

- To form an integral part of full development.

Although it was found that none of the partlal, or
minimum.systems could fulfill these four requirements,

Syatem "A", as it is known, was congidered to be the most
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sultable ag it came closest to achleving this objective;
This gystem, which would have a peak capacity in the order
of 1,000,000 kw, consists of 11 sites: five on the Clear-
water Rivar,vthr@e on the Cariboo River, one on the Fraser
above Prince George at Ollson Creek, one on the McOregor
River, and one abt Stuart Lake,

The Preliminary Report stressed ﬁhe fact that the
planning to date had consisted only of academic Studias,
and it recommended that a program of site surveys, beginnin@v
with System "A", be initlated to determine whether or not
the projects were feagible, It recommended also that surveys
be initiated to study the fisheriles broblems aggociated with
the development of this System. The Report suggested that a
gum of $1,8u5,000, to be spent over a period of three years,
would be adequate for thesge additional studles, and it
recommended that $200,000 of this amount be allotted to the
requiaite fisheries Iinvestigatbtions.

The Governmentg! acceptance of these recommenda-
tions resulted in the re-establishment of thé Board in the
summer of 1959 under terms of reference which, in effect,
aﬁthorized the studies recommended in the Preliminary Report.
The Board was directed also to submit a final report on or
before September 30, 1963,

Barly in 1960, the Board engaged a biologist and
two technleclanas to carry out the recommended fisheries

gtudies under the direction of the Department of FMisherles.
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During the period 1960-1962 fisheries studiles
included extensive alr and ground surveys to obtain informa-
tion on thé numbers, timing, and distribution of the runs
which might be affected by the System "A" dams. Good counﬁs

of adults were obtained on the Clearwater River but results

~of a slmilar order were difficult to obtain on the McGregor

and Fragser Rivers because of turbld water conditions. Two
fishwheels were inastalled on the Upper I'raser to sample
adult runa to that area.

Inclined-plane trapsa, which were lnstalled near

the mouth of the (Clearwater River and on the Fraser River

upstream from Prince George, In order to obtain details with

regpect to the downgtream migrations, resulted in good
catches at the Clearwater site while those at the Fraser
alte were quite low.

Thermographs, installed at a number of sites to
obtain water temperature data, were serviced and maintained
in collaboration with the International Pacific Salmon
Fisheries Commigslon.

The initial System "A" has been altered substan-
tially 88 a result of information obtained from the drilling
programs and other detalled studles. While the five sites
on the Clesarwater Rlver have not been changed appreciably,
two of the three sites on the Cariboo River have been
eliminated on the basis of their geological conditions. Tt

has been necessary therefore to increase the proposed height



of the dam at the third site in order to create additional
gtorage capacity to offaet these 1033@5..

The Ollson Creck site, which was probably the key
prdjeot in the entire System, had to be discarded when it
was found that foundation conditions were very poor. It was
replaced by the Grand Canyon gite, which is on the I'raser
River upstream from 1ts confluence with the Powron River.

A apecial r@portvon the fisheries problems asgoci-
ated with the propoged Stuart Lake dam was prepared jointly
by thig Branch and the Salmon Commigsion, for submisslion to
the Board in August, 1962. This Report recommended that the
Stuart Lake site be withdrawn from the System on the grounds
that:

(1) the development is not compatible with the

fiéheries Interests.,

(2) it represents only a minor conbtribution to the

overall flood control requirements.

(3) equivalent flood protection can be obtained

more economically by other means. .
The alte was subsgsequently deleted T'rom the Sys8tem,
| The MeGregor damsgite was not changed bub considera-
tion 18 now being given to a proposal whereby the MclGregor
River would be diverted into the Peace River,

This revized sysfemg which is known as System "E",
includes five dams on the Clearwater River, one on the Cariboo )

River, one on the Fraser River at Grand Canyon, and one on



the McGregor River.

Engineering surveys were carried out during the
gummer and fall of 1962 on the Clearwater, Upper Fraser, and
MeGregor Rivers to obtain data necessary for the deegign of
'suitable fish facilitles., TFollowing the completion of the
drilling program and the biologilcal and engineering surveys
in the fall of 1962, detailed office studies were initlated
to determine the fisheries requirements at each of the
propoged dams.

In general, all of the Poardits gtudies are progres-
g8lng gatisfactorlily and it la expected that they will be
completed in time o report to the two governments by

September, 1963, as contemplated by the terms of reference,

1.3.2 Okanagan River Flood Control Project

The Okanagan Rlver is one of the two remaining
tributaries of the Columbia River which supports sockeye
galmon. Whille these fish are exploited by the United States
commercial flshery in the lower Columbia, their spawning
grdunds are gltuated entirely in Canada, primarily in a
four-mile reach of the river upstream from Oliver, B. C.

Historical records show that the Okanagan Rivenr
hasg supported sockeve gpawning over the past 50 years, but
Aby 1939 this run was at a low level, and this decline has
been atﬁributed to the numerous irrigation and other water-
use projects on the stream. TIn 1939, when the consatruction

of Grand Coulee Dam allenated the spawning grounds of the
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upper Columbia River, the Okanagan River was one of the streams
gelected to receive transplants in a program implememﬁad by

the U. S. Government to transfer the upper Columbia sockeye

to other parts of the Columbile basin., Large numbers.of adult
and fingerling sockeye were planted in the Okaﬁagan in the
period 1939 to 1943, and it has since become a majof contri ~
butor to sockeye production in the Columbla River,

In 1946, a Board of engineers which had been
commissioned to study the flood problems of the Okanagan
:valley,’submittéd a report which recommended that new storage
dams be constructed on the major headwaters; that the exist-
Ing diversion dem, employed for irrigation purposes, be
replaced; and that a new straight channel, with a greater
dlscharge capacity than the river B@d, be congtructed in the
reach designated as "Section C", which lies between the town
of 0liver and Osoyoos Lake, 15 miles downstream. The
diversion dam conatltutes the upstream limit of salmon
' migration and the Board!s recommendation that thils structure
be replaced would not albter this situation.. The new channel,
hoﬁever, would be lessg than halfl the length of fthe natural
river, and the Board recommended that a steep two-mile
gection be paved with heavy rock and that the remaining
13 miles be equipped with 13 drop structures, each three feet
high, to re-dlstribute the naturai gtroam gradlent. This
work involvéd the entire 15-mile length of river in which

gockeye salmon are known to have spawned.



While construction of the flood control works
proceeded upstream of the upper limlt of salmon migration, a
joint asgsessment of the bbssibla of focty of the Section "¢
flood~control works on the flshery was conducted during the
period 1952 to 195l by the U. S, Fish and Wildlife Service,
the Waghington State Department of Fisheries, and the
Department, Thils assessment defined two critical problems:
paving of the channel would destroy the most productive
apawning areag, and the drop structures would obstruct access
to the spawning areas. These problems were satlsfactorily
regolved when the flood control authorities accepted the
fisheries agencies! recommendations that the major spawning
aread be left intact by subsgtituting rock-f111l dykes for
channelization and paving; and that a drop structure design,
pagssable to upstream migrant fish, which had been developed
from hydraulic laboratory tests conducted by this Branch, be
uged In Section "C" of the project. Congtruction of Section
"o" was completed in 1957, and agsessment of the project
~during sockeye'migration, gpawning, and incubatlion periods
gince that time has determined that the fisheries protection
measures are fulfilling their intended functions.

The total 1962 sockeye run to the Columbia River
was 140,000 fish, consiating of a catch of 11,000 and an
escapement of 29,000, This ig only 18 percent of the
previous ten~year average of 218,000 and it 19 the smallest

run recorded since 1949. The total egcapement counted at
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Bonneville Dam surmounted the seven main-gtem dams as faf a8
Rock Island Dam, above which 12,420 fish were accounted for
in the Wenatchee River system, The 13,200 sockeye which
migrated through Rocky Reach Dam, which is upstream from the
Rock Tsland Dam and the Wenabtcheo Hiver, Were presumably en
route to the Okanagan. TFour spawning ground surveys. conduce-
- ted in October, 1962 accounted for 6,00 sockeye on the
Okanagen spawning grounds, which represents a substantial
decline from the previous 1lO0-~year average escapement of
27,000 fish,

The annual engineering inspection, conducted in
early September, dlisclosed that six of the 13 drop gtructures
wore obstructed by planks placed by local farmers Lo ralse
water levels in the river. This is an annual occurrence,
and steps were taken to have the obstructions removed before
the sockeye migration arrived., The flows of the Okanagan
River were abnormally low for spawning, but because low flows .
were expected to continue throughout the winter on aoqount
of low storage levels in upriver reservoirs, the spawning
flows were not artificlally increased. |

Biological surveys led by the U. S. Bureau of
Commercial Fisheries established that the Okanagaﬁ spawning
escapement was composed of 59 percent 35 fish and 1 percent
Ity fish; Estimated total egg deposition was 6,333,2u§.
Spawning success was 90 percent for 3, fémales.and 80 ‘percent
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The fisheries problems resulting from the wide variety
of pollution problems which arose during the current year
can be grouped under the following headings:

A, Pulp Mill Effluent
B. Mine and Miscellaneous Industrial Wastes
C. Domestic Sewage
D. Pesticides
Thia report outlinss the salient features of the most
important problems in the first two categories, and lists
the problems in the last two catégories. It also summarizes
the results of the following three field studies.
(a) a baffle experiment to remove insecticides from
- g9tream water
(b) distribution of kraft mill pollution in Alberni
~ harbour
(¢) surveys related to a proposal that toxaphene be
employed to eradicate coarge fish from lakes of
- the Fagle River system,

A+ Pulp MI1)l Effluent

Several exlsting pulp mills have been
completed? or were contemplating expansion in 1962,
and in each case the adequacy of the effluent
disposal facilities was assesgsed. At the Port
Mellon mill of Canadlan Forest Products, where a

new bleach plant and accompanying submerged sewer

-«
e
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line were installed, the studies indicated that
the wastes from this plant will continue to be
adequately diluted in Thornbrough Channel.
Similarly, the wastes from expanded production at

Crown Zellerbach's Elk Falls Mill are expected to

~continue to be rapidly diluted by strong tides in

Discovery Passage. Reports of 1drge numbers of

dead and dying fish were received from Alice Arm,

near the Port Alice pulp mill, in late July, 1962

when temperatures were high and freshwater inflow -
was low. Dissolved oxygen values in the order of
1 ppm or less were found in surface waters (010
feet depth) at statlons 6 miles from the mill and
these depletions persisted to the mouth of Alice
Arm,

An interim report was prepared jolintly with
the technical staffs of the International Pacific
Salmon Fisheries Commission and the Provincial
Department of Recreation and Conservation to describe .
golutiona to the flgheriss problems which might
otherwise be expected 1f the effluents from proposed
bleached~kraft pulp mills are dlischarged into the
Fragser River. Mills at Sprinpfield, Oregon, and

Longview, Washington were visited, where in-plant

’practices presently beling used to reduce the

quantity and toxicity of the pulp mill effluents
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were dlscusged with plant technical personnel.
Moreover, bilological problems and pollution-
abatement facilities at some mills in Orégon and
Washington which discharge effluent into rivers
wore digcussed with staffl members of Oregon State
Univeraity and the Oregon State Pollution Control
Board, Meebings were held in 1962 with representa-
tlves of Canadlan Forest Products Company, Cooper-
Widman Company, and Norandsa Mining and Exbloration.
Company, all of whom expressed interest in building
pulp mills in the Prince George area. Only
Canadlian Forest Products definitely plans at this
time to build a mill in this area, and negotiations
relating to effluent disposal are underway.
Discussions were held aiso with representatives of
Kamloops Pulp and Timber Company, with regard to a
proposal to bulld a bleached-kraft mill at Kamloops,

and these negotiatlons are continulng.

Mine and Miscellaneous Industriasl Wastes

Negotiations were initlated with Hooker
Chemical Company concerning the disposal of
effluent from a proposed chlorine manufacturing
plant into Northumberland Channel,.nearlNanaimo,
and these negotlations are continuing satisgfac-
torily. In order to alleviate the bonsiderable

difficulty Lafarge Cement Company experiences in
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precipitating and recoverling flue dust from their
cement kilng at their Tulu Tsland plant modifica-
tions were offected In the system of Jet exhausters
and provislons were made for recirculating the
effluent in the jet exhauster circult., These
measures proved succoessful as the amount df‘calcium
and the volume of the efflusent has been subsiban-
tially reduced, and extreme fluctuations in pH of
the effluent have bheen overcome. Difficulties with
clogging of the diffuser which discharges the
effluent into the I'raser River are being experl-
'enced and remedial measures are being taken by the
Company .

Digcusglions. concerning the provision of
tallings dilsposal facilities were initlated during
the year with the managements of Mount Washington
Copper Company (Teolum River), Granduc Mines (Unuk
River) and Jordan River Mines (Jordan River). At
Britannla Mine (Hoﬁe Sound) studies have commenced
to determine the sources, and the effects on fish
and invertebrates lnhabiting the intertidal zone,
of copp@rmvand iron-sulfate-bearing waters
originating from the bacterial oxildation of sulfide
ores in alag piles and old mine workings.

Disposal of wastes from several small plants

wag studied. Panco Poultry Company, Surrey,
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provided an oxidation deck and lagoon for aerobic
biological oxidation of wviscera, blood, and offal
from poultry. At the same plant a turbine aerator
hag been installed to augment the ailr supply and
to prevent anaerobic decomposition of solids
accumulating on the botbtom of the lagoon. NWLflu-
ent disposal facllities were provided by B, C.
Chipsteak Company, Richmond, B. C. Negoblations
for the proviszion ofvsoreening followed by either
an enlarged oxidation lagoon or a sprinkler field
digpogal system were initiated with Rerryland
Canning Company Limited, Haney, B. C. and are
continuing. Frult and vegetable wastes from this
plant are presently discharged into an overloaded
pond which has become anaerobic, regulting in the
pollution of a small tributary of the Alounette

River.

Domegtic Sewage

The following sewage treabtment facilities

have been studied and approved in 1962,

1. Mamguam Sewerage District - Oxidabion diteh -
Squamish River

2. Village of Sqguamish -~ Oxidation ditch -
Stawamus River

3. Crown Zellerbach Company - Septic tank -

Frager River
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.. Village of Aghcroft - Activabed sludge -
Thompeon River

5. Village of Parkaville - Submarine pipeline -
Gulf of Georgla

6. Canada Rice Mills - Enlarged sepfic'tank -
Frager Rlver

7. Village of Merritt - Activated sludge.u

 Nicola River

8. Town of North Kamloops - Enlarged stabiliza~
tion pond -~ Thompson River

9. Uity of Quesnel =~ Aotivated'sludge - Praser

River

Pegtioides

The following pesticide applications were
carried out under surveillance of this Branch and
the local Protection staff.

1. Coppsr salts for swimmerts itch control -
oul tus Lake
2. Sodium arsenite for control of marine borers
- Teakernes Arm
- Orofton
- Oail Oreek
-« Tyee Plazs Marins
- Horseshoe Bay
- Earl Cove

~ Wesport Export
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- Norwood ILumber
- Burrard Drydock
-~ Moore-Whitbtington
3. Benzene hexachloride for ambrosis beetle control

Jowlchan Lake

i

Comox Lake

Nanaimo Lake

3

Tahesis Inlet

U BwumD'for brush oontrol
-~ Gowlchan Lale
- Nanaimo Take -

- Tgolum River

Speolal Studies

(a) A Baffle Experiment to Remove Toxic Insecticides

from Stream Water

‘Two plots of logglng slash adjacent o two
forks of Lens Creek were selected by the Federal
Department of TForestry ag areaa in which to apply
benzene hexachloride and thiodan, in order to
agsese thelr relative value in controlling the
ambrosig beetles'! attacks on felled and bucked
logs. This experiment presented an opportunity
to determine whether or not bafrles placed in a
stream would remove these low-density toxilc
materials and thereby prevent mortality of fish

doWnstream.from the spraying area.
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The baffles, made of 1" by 6™ fir planks
nailed butt-to~butt, were positioned on the water
gurface of both branches of Lens Oreek below the
areas to be sprayed. Slots were cub into the
leading edges of the baffles just below the level.
at which they floated, 1In position, the baffle
gpanned the creek width forming a "V" with its
apex pointing in a downstream direction. A
plywood box was placed at the apex to collect the
deleterious material., Liveboxes containing 50
coho salmon fry were placed upstream and downstream
of the baffles, and a "sontrol" livebox contalning
the game number of coho salmon fry was located
well upstream of both apray aress.

Area "A" wag sprayed with thiodan and benzene
hexachloride, while only thiodan was applied to
Aven "B". A light but noticeable oil-slick,
observed on the water surface, was collected by
the "A" baffle, buﬁ there wés no fry mortality in
any of the liveboxes.after a period of two days.
At "B" there waé no immediaﬁ@ fry mortality after
gpraying, although a noticeable oilusiick was
picked up by‘the baffle. VFourteen hotrs later
fish in both "B" 1iveboxeé.were in severe distress,
and all were doad after éixtéen hours. All

"sontrole" survived. Small resident rainbow trout
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were observed ﬁpstream of the barffle at "B" prior
to spraying, and after all fish had died in the
liveboxes, the stream was examined to determine
whether or not any rainbow trout had survived.
Most of them were dead, the remainder moribund.
A dye, Williams 011 Red, had been added to thﬁ
thiodan~oll mixture, and gtreamers of coagulated
red material were seen adhering to aguatic plants,
stones, and debris on the bottom of the stream.
From this experiment, 1t haa been concluded
that baffles are unlikely to be effective in
preventing mortality of fish inkuters down g tream
of areas treated with ihsecticides, although they
may recover gsome floating materials.

Distribution of Bleached Kraft Pulp Mill Pollution

in Albvernl Inlet

Studles of current patterns in Alberni Inlet
wore undertaken during the year in an attempt to
determine the dlistribution of the local pulp mill
effluent. These were based not only on the actual
effluent i1tself but also on the digtribution of
the freshwater inflow from the Somass River.

A thirty-percent rhodamine B ~ ethyl alcohol
mixture was introduced into the Somass River four
feet below 1ts surface by means of a pre-diluting-

and diffusing-apparatug mounted on a 1ll-foot scow.
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Dye releases, perpendlcular to the direction of
river flow, which were calculated to give a final
dye concentration of 0,12 ppm were made twlice
during periods of high-slack, low-alack, flood,
and ebb tides. The dye fronts produced by each
release were observed from a helicopter and
subgequently plotted on a map.

While releaseg of even larger cohc@ntrations
of rhddamine into the dark, turbld effluent from
the Albernl pulp mill failed to produce a color
which was discernible from the hellcopter, it was

noted that the pulp mill effluent imparts a

wash from a boat. By plotting the point at which
the propeller wash was most highly discolored, it
wag pogsible to deteoﬁ the main path followed by
the effluent for considerable distances from the
outfﬁll, and to establish the regions of high,
intermediate, and low effluent concenbration in
Alberni Harbour. These observatlons were made
during tidal phases similar to those at which dye
releases were made in the Somass River, and ten
stations were selected at which vertical serles of
measgurementa of temperatupe, galinity, and
dissolved oxygen were taken. Windlesg conditions

prevalled while these studles were being carried out.
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The results of the studies indicated that
during the period of observation (August), there
was no direct entry of the effluent into the
Somags River, nor was there any evidence of the
effluent backing up into the river during any
tidal phase, There was no line of distinction
between the effluent and the river flow off the
mouth of the river as mixing appoared to take
place over a broad front between the river flow
and the effluent as it left Pulp Mill Bay. During
the ebb and low-glack tidal phases, movement of
effluent from Pulp Mill Ray seemed more pronounced
but at no time was flushing complete. Consequent-
ly, high concentations of effluent persisted in
Pulp Mill Bay. Low salinity values measured in
Pulp Mill Bay confirmed the visual indications of
stégnation and low oxygen values. BExamination of
the regults of a sampling program indicated that
‘diasolved oxygen concentrations in Pulp Mill Bay
were appreciably depressed. Digsolved oxygen
concentrations at the surface ranged between 0.7l
to 2,63 ppm at the head of Pulp Mill Bay, while
thoge obtained at three stations beyond the
immediate outfall region remained below 5 ppm. At
all stations digsolved oxygen concentrations at

the bottom were low, generally below the 5 ppm
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level. Températnre measurements taken at four
gtations on the effluent path indicated that
gurface temperatures were ralsed by at least 7OF
in the outfall area. Water samples obtalned at
the gsame stations during the third week of
September gave similar results, although dissolved
oxygen concentrations were not quite so low as
they were in Augﬁstq Additional measurements are
planned in the winter as well as in the spring of
1963, when the downstream migration of salmon
smolts is underway in the Somage River system,
Further dye releases are planned during periods
when up-inlet winds tend to drive the effluent
toward the river mouth.

Studies Relating to a Proposal to Hradicate Coarse

Pigh Zrom Lakes in the Hagle River System

The Sicamous FPish and Game Club erected a
barrier between CGriffin and Thrse Valley Lakes on
the Bagle River system as a means to prevent coarse
fish from entering Three Valley, Victor, and Summit
Lakes, which they planned to poison with toxaphene
and re~gtock with trout. While the barrier had to
be removed because 1t blocked the passage of coho
salmon, which spawn as far upstream as the outlet
of Vietor Lake, the proposal to polson the lakes was

deferred until further studies had been completed.
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Tt was therefore necesgsary for thles Branch to
conduct a survey to determine the mumbers of coho
and gockeye galmon which might be exposed to the
toxaphene, bIt was also neceygsary to estimate the
river dlscharge in order to determine the dilution
capacity évailable between key points in the
gystem.

Separate surveys were made in early October
and mid-November, 1962. From Three Valley Lake
downs tream to Malakwa Bridge a total of 63 sockeye
galmon were counted, while 1,182 coho salmon were
counted in the reach between Summit Lake and Perry
River. On the assumption that Summit, Victor, and
Three Valley lLakes would be poisoned, 1t was
sstimated that a dilution factor of only 1.6:1
would be available, and that 90.5 percent of the
coho population might therefore be endangered. On
the assumptlon that Victor and Summit Lakes only
would be polsoned, 1t was estimated that a dilution
ratio of 7.5:1 was svallable between Victor Take
and Perry River, and that an estimated 21 percent

of the coho salmon population might be endangered.
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1.5 MISCELLANEOUS

1.5.1 Seismlic Surveys

Congiderable interesgt in oll explbration along the
Gontinént&l ghelf of the Pacific Coast of Canada has devel-
Opéd in recent years. Several companies have obtained
exploration permits, and occasional surveys have been carried
out In apecific areas such as off the east coast of Graham
Tsland, in the Queen Charlotte group, and off Roberts Bank in
the southwest corner of British Columbla. Tn addition the
Royal Canadian Navy and the Department of Mines and Technical
Surveys have carrled out non-commercial surveys usging heavy
explosives.,

| Seismic surveys using the gas-exploder and electric
sparker technique have proved to be innocuous to fish lLife.
This technlque is belng used for rapid preliminary surveys,
but in most cases high-velocity explosives with deeper
penetration are required for accurate definition of potential
oll-bearing formations. These explosives are lethal wilthin a
cortain radiug of the explosion polnt; this radius being a
functlion of the size of the charpge and the velocity of its
shook wave. Since large charges of high-velocity explosives
algo provide the best selamic records, any marine selsmic
program represents a potentially serious threat to fish 1ife,

To guard against these hazards the Department
studles each proposed exploration program and outlines

certain fishuprotectivé requirements. Upon receipt of the
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ccompany's agsurance that it will comoly with thesze conditions

the Department withdraws its objection to the program. The
maln reguirement is that the survey carry a Devartmental
obgerver who ls vested wlith the power to stop, delay, or modify
the program if flish are being killed or endangered, Other

imposed requlrements relate to .the size of oharges, the type

of explogive, the area of operation, the timing of operations,

&nd-th@.provislon of equipment for fish detection and communi-
cations,

In 1962, this Branch was involved with the plamning
of fish~protective measures for a major survey of approxi-
mat@ly.ll million acres of Continental shelf off the west
coagt of Vancouver Island, Queen Charlotte Sound, and Hecate

Stralt, which willl be undertaken Iin 1963,

Ag a resgult of negotiations with the B, C. Forest
Service in 1959, a lialson wasg established whereby this Depart-
ment is afforded an opportunity bo insert fish-protection
olauges, as requlired, into Timber Sale Licenses and amual
cubbing permits for sustained-yield Tree Farm Licenseg 1in the
Vancouver Forest District., These protection clauges, which
are enforced by the B, C. Torest Service, relate only to those
aspects agsociated direotly with the logging practlce and they
do not provide protectlion against activities such as log- |
booming or log-driving which take place within the stream

channel ,
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A comparable system to that described in the
foregoing has heen in operation for several years in the
Prince Rupert Forest District, where all processing is
conducted by the distrlct gtaffs of this Department and the
B, ¢, Poresat Service. The combined protection offered in
these two mejor forest distrlicts covers the entire coastal
area of the Province.

During 1961, the B. C. Forest Service announced
plans for the development of a "Public Working Circle" in
the Owlkeno lake watershed., This, in effect, means that the
logging operatlions in that area will be subjéot to a sugtalned
yleld baslas but that the harvestable timber will be sold in
relatlively small packages. Since the Owlkeno watershed
supports substantial populations of all filve species of
Pacific Salmon, the most important being the sockeye salmon
which provides the commercial fishery with an average annual
cateh of one million, all possible precautionas have been
. taken to ensure that the salmon resource is protectéd against
demage resulting from the logging operations. To this end a
report which describes the value of the system to the
fiah@ry, the distribution and life history of the various
speciles, and the pfoblems assoclated with logging has been
prepared and forwarded té the B. C. Torest Service to servs
as a gulde in the developﬁent of the system as a "Public
Working Circle". TFurthermore, a series of meebings with

individual operators has been conducted, and further
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digousgslons with both the Forest Service and the indilvidual
operators are contemplated before the logeing plans are
finalized. A matter of immediate concerm, however, is a
propogal which contemplates the use of the Wannock River to
convey logs from Owikeno Lake to tidewater.

In 1962, a series of meetings were held with
Rayonier (Canada) Ltd. which resulted in the development of
a mutually acceptable solubtion bto a conflict of interests
gtemming from log-driving operations on the Homathko River.
During the year, algo, there was a conaiderable exchange of
correspondence with a number of logging companies looking to
the development of solutions to specific problems on a
number of systems including the Nass, Nadina, Naden, and

Chuckwalla Rivers.

1.5.3 Water Licence Applicationg

All water-use projects in British Columbia, from
the 1argeét hydroelectric developm@ht to the smalleat
domestic walter supply, must be authorized by a water licence
issued by the Provincial Comptroller of Water Rights.

Having regard to the fisheries problems posed by some of
these types of projects thls Branch has established a
liaison with the Provincial authorities whereby it 1s glven
the opportunity to review all water licence applications
before the licences are issued, and in this way it is
possible to forestall many of the fisheriés problems which

might otherwise be expected to develop.
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During 1962, approximately 1,000 of these applica-
ﬁions were examined for poggible harmful effects to the
flsheries, and while most of these were approved outripght,
gome were made subject to certaln provisos which were
inserted to protect the fisheries Interests, and a few were
opposed unconditlionally on the grounds thaf they would not,
under any clrcumstances, be compabible with the Cisheries
interests. These provisional clausges usually required that
the water intekes be adequately screened to prevent entry
of small fish, but in a few instances, notably in connec tion
with placer-mining or gravel removal from stream beds, they
regtricted the operations to thoze perliods when fisgheries
logges would be minimal or non-existent.

sSeveral appiications, involving large-scale
diversions of water, resulted in debailed studies and negoti~
ations with the owners looking to the development of sultable
gereening installations. The more lmportant of these were
the water supply intakes for the Village of North Kamloops
on the North Thompson Rivér, the Noranda Mines Development
on the Toquart River, and three pulp mill expansions involv-
ing,the Sproat, Campbell, and Nanaiﬁo river systems.

Many of the applicationa involved ﬂmall diversions
for domestic and irrigation purposes. TIn these cases, the
applicants were provided with the Branch's standard screening
gpeclificationsg, from which they could develop & deslign to

suit their particular intakes.
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An inspection of water diversions in the Kamloops
areas was made with a view to collecting Iinformation on which
the development of a standard screen design, adaptable to
all small pump intakes, could be based.

At thé request of the Provinclal Water Rights
Branch, which was preparing a report on flood control
measures for the Coquitlam River, this Branch prepared and
gubmitted a brief outlining relevant debtails with respect
- to protection of the salmon stocks utilizing this river

gyatem.

1.5. Placer~Mining Leases

All placer-mining operations in British Columbia
mist be authorized by a Dormlt issued by the Chlef Gold
Commﬂﬂsion@v for the Province, who, ﬁhrough g liaison which
has been establish@d, adviaes thils Brahch of all such
applications in order that Pecomm@nddtions for fisheries
protection can be defined beiore the anences are issuﬁdw
Recommendations in ths remavd have bheen wnbaoquenbly incor-
porated into the PrOV1n01a7 povmita |

In 1962, anprox1mately 80 quch app11cations were
reviewed by this Branch and while most were of the routine
type, one, involving an application‘for 26 leases on the
Bridge River systeﬁ, is wbrthy of parfidular note. On the
basis of results from an investigation by ﬁhis Branoh; thé
Protection Branch, and the International Pacific Salmon

Fisheries Commission, the Department objected to the lssuance
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of the requested llcences on the groundsg that the proposed
operationg would destroy the spawning grounds of imvortant
gtocks of chinoolk and pinlk salmon, and steelhead trout. |
When thlg objection was upheld by the Chief Gold Commissioner,
the applicants appealed to the Minigter of Mines and Petrole-
um Resources, who convened a hearing into the entire matter.

This Branch and the Salmon Commlssion collaborated
“in the preparation of a joint briefl outlining the basig for
their objectioneg, and this subsequently was presented to the
Minlister at the Hearing. While there ls no doubt that this
brief was a factor in the Minister's ultimate denial of the
applicants' appeal, his decision apparently stemmed primarily
from the contention of the local Tndian band and the Indian
Affairs Branch that the bed of the Bridpe River in the area
in queétion wa.s part of the Tndian Reserve, and was therefore
not available to the Applicdnts. - j

Regardless of the basia for-this.decision, the
Department and the Salmon Commission were exﬁr@mely pleased
wifh the decigion itself, ag it was foreseen that issuance
of the requested licences in this instance would have
resul ted in a much greater threat to the fisheries interests.
elsewhere as & result of placer~leaée applications being
filed in future for rights on river beds which had previQ

ously heen regarded as Indian reserves.
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2. PFISHERIES DEVELOPMENT

2.1 STREAM TMPROVEMENT

2.,1.1 Big Qualicum River (See also Section 2..11, Page 142).

Regearch undertaken in recent years at Jones Creek
and elsewhere hag provided svidence that elimination of
floods, with their attendant shifting of gravel beds, and
the grading of apawning gravel to achieve greater porosity,
will result in a substantial increase in the egg-to-fry
gurvival rate of galmon. On the bagis of these results, it
waga concluded that employment of these principles on an
entire river aysfam could be justified by the increased
galmon production which would be reflected in the cateh of
the fishery. After a careful study of several alternatives
the Blg Qualicum River on the east coast of Vancouver Island
was gelected in 1958 as the most sultable site., With the
Departmentts concurrence, detalled studies, looking to the
preparation of the development plang, were initiated
immedlately.

The loweér Big Qualicum River (see accompanying
plan) originates in Horne TLake from whence it falls approxi-
mately 190 feet in the first 3/ of a mile before
egbablishing itse normal gradient which is maintained for
the remaining seven miles to its mouth on the 3trait of
Georgia,'39 miles north of the cibty of Nanaimo. Hunt's
Creek, which flows into the Qualicum about halfway between

the lake and the sea is its only majbr tributary in this
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lower reach.

Twelve years of available records reveal that the
mean annual discharge of the Big Qualicum River is 286 cfs,
with a maximum of 7,080 ¢fs and a minimum of 15 cfg, Hunt's
Creek records show that its discharge has varied from 5 cfs
to an estimated 2,500 cfs,

The detalled sﬁudies undertaken by this Branch
revealed that it would be physically and economically
feagsible to regulate the flows in the lower seven miles of
avallable gpawning area by providing 200 cfs from August 1
to December 15, and 200-500 cfs durihg the balance of the
year, It was foreseen, however, that the flow in the period
after December 15 might have to bhe railsed to 750 ofs for
gshort perlods during an extreme flood, and, converaely, that
it might be necessary to reduce this flow to as low as
150 ofs in order to replenish storage during a drought.

Plang and specifications for the project were
oompleted in 1960 and tenders were called in March, 1961.
The contract was subsequently awarded to General Construction
Co, Ltd., of Vancouver, whose tender of approximately
$9009000 wag the lowest of eight which were recelived. The
Department supplied the valves, sheet piling, electrical
squipment, etec. at a cost of about $125,000, and property
acquisition and engineering costs smounted to approximately
$200,000, so the total cost of the project will be in the
order of $1,250,000.
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The contractor commenced work in May, 1961, énd
with the exception of the dam at the outlet of Horme Lake
and the high-level intake channel to the gate shaft, the
contract was completed on December 15, 1962, These
gtruotires had to be deferred in Septenmber when an unfore-
gesdble problem developed 1n connection with the B. 0.
Hydro and Power Authority transmission line at the uﬁpev
end of Horne Lake. These incomplsted works are sche duled
for completion next summer when it 1s expected that the
ppoblems sgsoclated with the transmission line will have
been pedolved.

The outlet control works (sse accompanying plan)
for regulating Horne Lake outflows éansist of a congrste~
1iﬁéd vertical gate shaft, 98 feet deep, which has three
geparate intakes from the lakej a gate house on top of the
ghaft for the manipulation of the threes intake gates and the
main tunnel Headgates a seven-foot inelde dlipmeber coricrete-
1inad horseshos-ghapsd tunnel, approximately 1,700 feet
long,; extending from the base of the gate shaft, about
78 f'eet below the narmai level of the lake, downsbtream to
near the head of the spawning grounds; a control works ab
the tunnel outlet; and an earth-f£111 dam and conoretes
aplllway near the outlet of Horne Lake (not yet complete).

The high-level intake, when sompleted, will be an
open~sut channel while the lowe and inbtermediate-level

intalkes are geven-foot diameter conetrete-lined tunnels.
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The low-level intake is fitted with a seven-foot diameter
woodstave plpe, which exﬁenda downward along the lake
bottom for a distance of 90 feet, in order that water ocan
be drawﬁ from about 20 feet below the actual low-level
invert, some 85 feet below the normal lake level. The high-
level intake will draw water from near the surface. A
multi~level intake is essential for the maintenance of the
desired degiee of temperature control in the river.

The earth-fill dam, with a crest elevation 28 feet
above the normsl water surface of Horne Lake, allows for
inoroased lake levels as a means to provide sufficient
gbtorage for flood control. A splllway channel with a

oonerete control welr approximately 20 feet above the normal

lakes level has been cornetructed near the left abutment of

the dam for emergency umse in the event that an extremely
heavy vunoflf bhpsabtens to overtop the dam. It 18 extremely
unlikely, however, that an splllage over the crest will
Bvar ogcur, "

With these works, a total storapge capacity of
12,000 acre-feet 1s avallable, of whieh 75 percent will be
dbtained from below the natural lake level, About one-third
of the botal storage will be usged to sugment normsl low
flows, while the remainder will be employed for flood
conbpol. Purbhermope, employment of the low-level intake
during the oritical late summer and early fall, when natural

wonber temperatures often rise to 68°F and endanger Spawning,
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can lower these temperatures.

A low dam has heen constructed on Hunt's Creek
approximately one-third of a mile upstream from the Big
Qualicum confluence in order to divert flash floods which
otherwige could interfere with the controlled flows from
Horne Lake., This dam ig equipped with a 36-inch diemeter.
culvert and a regulating gate through which water may be
pessged as required to the spaWning area iﬁ Huntts Creek
below the dam, The culvert normally will be set to pass
all f16WS of less than 20 ofs, but it can be adjusted to
pass as much as 50 cfs. All flows in excess of thogse noted
abave will be diverted from the oreek into a speclally
constructed flood channel, approximately 2% miles long,
which parallels the Blg Quallcum along ites north bhank to a
point near tidewater where it joins the main river. To
prevent fish from entering the flood channel, a concrete
drop structure and b@rri@r dam, about five feet high, was
constructed in the flood channel at 1ts confluence with the
Big Qualioum River, The flood channel has a trapezoidal
crogg~aection, 20 feet wide at the base with 2.25:1 side
slopes, a minimum depth of 12 feet and an overall vertical
drop of 92 feet throughout iﬁa length, A low earth-[{11l
dyke, 15 feet wide at the top, separates the flood channel
from the Big Qualicum River and doubles as an access road
for maintenance and for future development work on the river.

The first, or flow-control phase of the project
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will be functional when the dam and high-level intake
channel are completed, Preparations‘are now underway for
the second phase, which relates to the improvement of the
spawning gravel in the gtream and the construction of
artificlal spawning channels. This phase will be continu-

ing over a period of years in the future.

2+1.2 Hmbley River

Embley River which flows Into Embley Lagoon in
Grappler Sound approximately 32 mileg northeast of Port
Hardy, is one of two streams that drain Huaskin Iske., Tt
gupports an eveneyear run of 5,000-10,000 pink salmon, but
in recent years the ocho population has besn estimated at
legs than F00 fish. |

In 1952, 1t was first reported that two falls near
the mouth of the stream congtituted an obstruction to salmon
migration. These reports indlcated that the more serlous
obstruction was that at the lower falls where the stream is
confined bo a narrow chute which forms a velocity barrier
at high discharges. The hazards assoolated wlth this
obstruction were evident in 1952 when it was estimated that
30 percent of the pink salmon spawned in the tldal waters
below the falls, and again in 1960 when 1t was feportéd that
a mojor portion of the estimated 5,000-10,000 pink salmon
were lost because they were unable to surmount the falls.

As a result of a preliminary englneering survey

undertaken in 1958, 1t was recommended that remedial work
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be, initiated to aséist the migration of salmon at these
falls. Planning along thls line was deferred, however,
pending the outoome of a blologlcal survey of the priver
above the obstruction. This survey which was conducted in
1961, indicated that there Waslsufficient gpawning grounds
above the falls to warrant some improvement measures and
gtudles were therefore initiatedrto determine the most
economical means by which this could be done.

These studies redulted in the preparation of a
preliminary layout for an 1B-baffle (Tce Harbour-type)
fishway, the cost of which was eﬁtimatéd to be in the order
of $50,000, As this structure could not be placed in
gervice in time to assist the 1962 pink salmon migration,
gome marginal rock work was underitaken that year at both
falls, As 1t was repdrted that this work apvpeared to have
eaged the obstruction, construction of a fishway has been
deferred pending a full assessment of the elffectiveness of

this marginal rock work,

2.1:3 Quatse River

Quatse River, from 1lts source in Quatae Lake,
flows a distance of approximately seven miles before
disohafging into Hardy Bay, near the town of Port Hardy, on
the east coast of Vancouver Island. Two natural falls,
which are known as Four-mile and Six-mile "alls because of
their respective distances from the river mouth, constitute

an obstruction to migrating salmon.
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Historicdlly, Four~mile Falls has been an obstruc-
tion to sockeye and pink salmon during only those periods
when flows were at low or medium levels, and it was noﬁA
congidered serious. In the 1940's, however, this watershed
wag subjected to extensivellogging operationsg and the
resultant denuding of the terrain so altered the runoff
pabtterns of the river that the periods of low- to medlum
flow were extended substantially with the result that salmon
wers blooked at the falls more frequently. Tn 1960, a five-
baffle (Ice Harbour~type) flshway was constructed by this
Braneh on the left bank in order to sase this sltuatbion.

When salmoh'exparienoed difficulty in ascending
through a culvert constructed by the Highways Department below
- Six-mile Falle, the Province, at the request of thls Branch,
congtructed a concrete baffle below the culvert to facilitabe
pagsage at low-to-average llows. This work was undertaken
in 1960, but 1t has not proven to be as effectlive as was
expected because of serlous malntenance problems.

In 1962, marpginal roock work was undertaken at
Six-mile Palls to facilitate salmon migration during the
iow and medium water levels., This work apparently has proved
- successful as pink galmon were observed spawning in the river

above the falls.

2.1, Megiadin River

Meziadin River, which dlscharges into the Nass

River approximately 115 miles above tidewater, is an



important contributor to the veluable Nass River sockeye
fishery. Two falls on the Meziadin River, immediately
upstream from the Nass confluence, have long been known ag
obatructions to salmon migration, and in 1913 thig Depart-
ment constructed a welr-type fishway at the upper falls.
This structure was composed almost entirely of local
materials because of the relative isolation of the site,
which made accesg extremely difficult. HEven to-day, the
Meziadin area 18 conasidered remote although a new Provincial
highway, now under construction, will pass within a few
miles of the obstruction.

Commencing in 1956, this Branch.undertook detailed
binloglical and engineering surveys of the Meziadin obstruc-
tion looking to the determination of the spawning escapement,
the duration of the delays, the mapni tude of the losses, and
to obtain bagic data from which detailed plans of remedial
measures could be developed.

The biological surveys determined that the Meziadin
gockeye escapement represented 39 percent of the Nass River
total in 1957, and 31 percent in 1958. Furthermore, it was
found that an average delay of seven days and logses of
38 percent occurred at the falls in 1957 when water levels
were low; while in 1958, when water levels were relatively
high, the average period of delay was four days and the
losseé repregented four percent of the total migration.

On the bagis of data obtained by the engineering
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gurveys undertaken in the period 1958-61, preliminary plans
for a new fishway at this site have now been prepared,

This structure, which hasg bheen deslpgned as a vertical-slot
bypa, will congist of 17 pools elpght feet wide by 10 feet
long at the lower falls, 13 pools of the gsame dimenslon atb

the upper falls, and the two sectlons will be made conbin~
uous by five ihterconnecting pools, each approximately 75 feot
long. Tt isg intended that the fishway will be equipped with
an guxiliary exlt to facllitats tagging, recovery, enumeration,
ete, A barrler dam, congsisting of a reinforced concrete weir
will be erected at the lower falls to direct fish to the
fighway entrance on the left bank.

The coat of constructing these facilitles would be
prohibltive if it were not for the fact that the Province is
congtructing a new highway which will be located near enough
to the site to justify the construction of an access road.

A suitable route hasg been located and it has bheen determinea
that a single-lane access road, ten miles long with turnouts
at half-mile Intervals will be economic. Tt is also inbtended
that a section of the road near the fishway site will be
éonstructed ag a landing atbtrip for light alrcraflt.

While definite dates for construction of these
facllitles have not yet been established, 1t lg expected
that they wlll be completed within a f@w vears. The mogt

favourable schedule requires that the access road be
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congtructed In the epring and summer, with the fishway
construction in the fall and winter when water levels ave
lowegt and interference with figh migrationﬂ can be held to

a minimum,

2.1.5 Stamp Falls Mlahways

The Stamp Falls fishways, which were completed in
1955 at an approximate cost of $125,000, facilitebe passage
of valuable stocks of sockeye, coho, and spring salmon and
gteelhead trout at Stamp Falls, a natural cataract on the
Stamp River some nine mliles northwest of the city of Alberni.
More recently, these structures have been used also by the
adults returning to Robertson Cresk from the pink salmon
trangplants.

Shortly after the fishways came into operation, it
became evident thab the upper figshway had some hydraulic
ghortcominges in that the attractive qualities at 1ts entrance
at moderately high and high river discharges were not as
good as expected. Thia fishway ig of the vertical-slot type
with_ES bafflesg, each of which provides for a maximum drop

]

of one foot, At minimum river dlscharge all baffles are in
full service but as the river discharge increases, the water
level at the fishway entrance rises at 2-3 times the rate
of that at the fishway exit, producing bthe net effect of
reducing the total fall through the structure. As a result,

the lower baffles are "drowned out" at the higher river

diacharges and the flows issulng therefrom are sometimes
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barely noticeable, providing little attraction for fish to
éntér;

While water levels to date have not heen such that
gerious delayy have been encountered as a result of this
deficiency, it 19 possible that such might ocour at any time.
As a result, this Branch undertook a study of the sltuation
in 1962 and this has resulted in the advancement of a
propodal whereby auxillary water would be diverted from the
river by means of a channel from whence it would be intro-

duced through floor-type diffusers Into the area of the

- flahway entrance. Az it 1s belleved that this will be the

cheapest and most effective of the several alternatives
consldered, funde to cover the costs of consbtructing same

in the 1963-6l; fiscal year have been requested.

THE ROBERTSON CREEK SPAWNING CHANNEIL & APPURTENANT WACTLITIES

Great Central Lake, which is located near the cilty of
Alberni on the west coast of Vancouver Island, has two
outlets - the primary one being the Stamp River, which flows
into the Somasgs River and thence into Alberni Inlet; and
Robertson Ureek, s secondary outlet which discharges inﬁo
the Stamp River approximately one mlile downstream from the
lake,

The pUrpPOEe of the Robertson Creek project iz twofold:
firetly, 1t provides sultable facilities for the investiga-

tion of fish culture techniques almed at increasing the
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production of pink, coho, and chinocok zalmon during the
freshwater stage of their 1ife cycle and secondly, it 1is
intended to increase the production of salmon species in
Robertson Creek. The project will also provide the locale
for the study of fish@ries'problems posed by hydroelectric
power developments, particularly those assoclated with the
rearing reQuirements'of coho and chinook salmon, and the
guccessful relocation of these same specles to artificial
spawning éreas,

While the major portion of the Robertson Creek
congtruction took place during 1959 and 1960, the work was
sufficlently advanced in the fall of 1959 to allow the
commencement of a biologlcal program. The offiocial opening
of the project by the Hon, J. Angué MaeLean, Minister of
Figheries, on November l., 1960 marked the completion of the
ma jor facilities, although the experimental rearing channels
wore not finished until 1961, and minor improvements have
gince been made to the overall facilities.

A brief description of the individual facilities which
had been constructed up to the end of 1961 is set out
hereundera

(1) A spawning channel, conslsting of three dlscrete

gectlons of varying lengths and uniform crogg-
section, creates 10,000 sguare yards of spawning
“area in a total length of_E,SSO feet. The spawning

gravel, which is lald to a depth of 15-20 inches, is
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of a designed composltion ranging in slze between
3/t inch and four inches.

Four drop structures, which create water surface
drops ranging from 3 to 8% feebt, have been

cons tructed at intervals along the channel in

order to localize the excegs drop in the natural
oraek.gradient. These structures also separate the
three sectlons of the spawning channel and allow
for some Individual hydraulic control in esach.
Control works installed by this Branch in MacMillan,
Bloedel, and PoWeli River Limited's dam at the
Robertson Creek outlet from Great Central Leke are
capable of repgulating the channel dlscharge bto any
demired magnitude up to 250 cfs,

A sereening system inatalled at the upstream end of

the channel diverts fish entering from Great Central

Lake into a 30-inch diameter woodstave flume which
providea the means for them to continue downstream
without disrupting channel studies.

The flshway in drop structure no. I, at the down~
gtream end of the facilitles, connects with a
hblding~brailing pool Tfrom which fish can be
readily transferred to special holding pools, or

to an electrically-operated loading hopper. A
700~gallon tank truck is aveilable to tranaport

trapped fish to discrete areas within the channel.
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A 150- by 2U0-foot plot adjacent to the spawning
channel hasg been set asmide for sbudies of the
rearing requlrements of juvehila coho in their
pre-migratory stage, Thls ares was designed to
have eight parallel submohannalﬁ, each 10 feet wide
by 210 feet long, having individual dlscharges of

5 ¢fy, Isoiétion gereens are provided abt each end
of the chamnels,

A Tlshway viewlng room, built into drop structure
no. I, is’equipped with windows through which it

18 possible to obgerve figh passapge at all depths
in two poolﬂ‘of the filshway. Thls installatlion
provides an excellent opportunity for asseésing the
effectiveness of various baffle types.

A reinforced-concrete test flume, measuring 20 feéﬁ
by 150 feet with a minimum depth of 6'-6", was
erectod in the lower reaches of Robertson Creek to
provide a suitable facility for studies associated
with the diversion of downstresm migrant salmon and
trout from power intakes. It is also readily
adaptable %o numerous other research projects under-
taken by this Branch and the Fisheries Research

Board of Canada.,

An office-residence has been cohstructed at the

entrance to the project for the use of the resident

teohnician, and a fleld camp at the downstream end
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of the channel provides living quarters for
geasonal orews of up to 10 men, A utility building
which has been congtructed as a warehouse-workshop
in the ares adjacent to the field camp also houses
a well-equipped blological field laboratory.

1962 Additlona

Capital expenditures at Robertson Creek during the
1962-63 fiscal year amounted to $68,000,

The gingle temporary experimental screen at the
downstream migrant diversion structure was replaced by two
permanent inelined-~plans screens equipped with an automati-
cally-controlled chaln-driven cleaning device which sweeps
debrig from the screenhs into trash sollectlion bins. This
installation is déaignad to handle 300 efs.

A seoond utility bullding was constructed next to the
pregent warshouse, as 1t had besn found that the existing
building was required sxclusively for a workshop and
blologioal laboratory. The new buillding is equipped with
a monorail and hoist, whiah also serve an adjacent storage
area to fmeilitate the storage of heavy equipment, machines,
materials, etoc.

Figh barrier screens, fabricated of aluminum, were
installed at all drop structureé 50 that adult salmon could
be retained in discrete channel areas. An A-frame fish
barrier was erected in the #3 (lowsrmost) spawning channel

for the same purpose.
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An overhead water-spray system was installed at the
holding and brailing pool at drop structure no. L as &
meang to dliscourage captive fish from sustaining injuries
a8 a result of jumping. Protective netting was also
installed to prevent figh from jumping over the walls of the
gtructure. |

Other improvements constructed in the channel and
adjacent arsas are; a new holding pool in.the uppermost
channel, several timber~orib ramps for tanl truck access
into digorebe arems, an addibtional 600 feet of 6-ft high
fencing to ahleld fish in the channael from traffic on the
asoese road, and the paving of the first 1,400 feet of
access road.

In mid-1962, the Robertson Creel experimentsal flume
wag converted into a bvemporary egg-~incubation station to
facilitate the pink salmon transplant from the Atnarko
River. Troughs and baskets with a capasity of over 10 miliien
ogpe were fabricabed and erected within the confines of the
dewatered flume. All structures, including the roof, were
designhed for prefabrication‘in geoctions so that the facili-
ﬁies could be installed, removed, and stored, as required.
Employment of the experimental flume structure ame an eyeing
gtatlon brings 1t into service on a yeaf~round basis through
its three widely dlvergent uses.

The total capital outlay for the Robertson Creek spawn-

ing chahnel and appurtenant works was $370,000,
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1962 Operations

With the completion of the additionz undertaken in
‘1962, the congtruction phase of the Robertson Creek project,
a8 now envigaged, is virtually complete, and the bilological
program ig now filling out to make full use of the avail-
able facilities,.

Most of the facilities have been in operation for more
than three yeoars and during this time they have experlenced
sxtremely varled flow conditionsg as a result of a number of
independent ressarch and fish cultural pro jects which
required that particular hydraulic conditions be maintained.
The works have proven to be extremeiy adaptéble for their
many uses. Hase of operation and maintenance of the facili-
ties have also been up to expectatlons.

With the exception of the routine operation of the
facilities to satisfy the requirements of the bilological
program, the only annual engineering requirements are those
related to the regrading of the channel bottom prior to the
arrival of adult flsh in late summer, and the annual chanpe-
over of physical conditions in the experimental rearing
éhannals.

Biologleal studles undertaken to date at Robertson
Cresk are described elsewhere in this report. While
engineering research studies have not yet been initiated
investigation of the surface- and subsurface hydrailics of
the ohannel, various methods of gravel cleaning, and related

englneering research will commence in 1963.
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2.3 SALMON TRANSPLANTS

2.3.1 Nanika River Rehabilitation Program (See also Bection 1.1.3)

The WNanika River riges in Kidprice Lake, approxi-
mately 120 miles east of Prince Rupert, from whence it flows
in a northerly direction for some 16 miles to 1ts mouth at
Morice Take. The uppeb three miles of the river constitute
an excellent spawning ground for sockeye salmon, and in fact,
the Nanika River, historloally, has contributed about 10 per
cont of the total sockeye oamtch in the valuable Bkeena River
fishery.

The route of the spawning migration to the Nanika
follows the Skeena River to 1ts confluence with the Bulkley;
then up the Bulkley to the Morice River, which 1t ascends to
Morice Lake, from whence 1t finally enters the Nanlka River
1tself, Two major obatructions located on this migration
route have been alleviated by this Branch. TIn 1951 fishways
wore gonstructed at Morlcetown Fallg, and in 1959 a rock
obstruction was removed at Hagwilget Canyon, both of these
being located on the Bulkley River,

During the périod 16915-53 the annual sockeye

~escapement to the Nanike River varied between 2,000 and

70,000, with an average of 19,500 for the period. Commencing
in 195l, howsver, this run underwent a serious decline and
the annual escapements recorded since then have been in the
range of 1,000-6,000,

‘Rehabllitatlion by protective regulation in the
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commercial fishery, with a view to increasing the spawning
sgocapements to the Nanika, proved to be impractical inasmuch
a8 the Nanlka sockeye mlgrate through the Skeena River
fishery at the game time as the early- and middle Babine runs.
Tt was conaluded therefore that the adult escapement could
be increased only by improving the production of juvenilesy
and a study of the various alternatives culminated with the
recommendation that the run be rehabllitated through the
implementation of artificial propagation measurss ubllizing
a hatohery.

The Nanika River rehabllitatlon program was inlti-
ated in 1960 when a new hatchery, constructed on the right
bank of the Nanika one mile upstream from Morice Lake, was
Cbrought into partisl operation. This hatohery, which
embodieé many of the latest fish cultural techniques, was
brought into full service far the first time in 1962. A
brief description of its most slgnificant features is seb
out hereunder. |

| (1) Electrical powsr to fulfill all hatchery
requirements is provided by two 15 kw diesel-
driven generators, only one of which is
operating at a time, the other being for
standby in the event of a mechanlcal breakdown
of the operating unit.

(2) The water demands of the hatchery are fulfillled

by & convenbtional pump-and~tank arrangement.



(3)

-7

Water is drawn directly from the Naniks River
by an electricallywdriven pump (max. capaclty
of one cfs), which feeds a 10,000-gallon
alevatod storage tank. Water is delivered
from this tank, as required, by gravity flow.
The pumps and water lines have been duplicated
in an attempt to virtually eliminate the
threat of losses occurring as a result of
moohanical, or other fallurss,

The hatohery employs the vertlcal-stack
incubgbion principle in which a serles of 20
inocubabion baskets, each containing from
10,000~15,000 sockeye eggs, are stasked one
above the other so that water delivered aﬁ'the
top of the stack must clrculate through sach
tray before passing to the one underneath. The
advantages of the vefticalwstaok incubaﬁors
are olearly evident In the economies they
effect in water-usage and floor gpace, as sach
staék requires'only four feet of floor space
and a flow of only 3-6 gpm to incubate up to
300,000 sockeye emgs to the late alevin stage
The hatchery has been designed Por 50 gtacks
of indubator trays, and full utilization of
these glves it a capacity betwsen 10- and 15
million eggs.
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Egge for the hatchery arse flown in from " Pteen-
Mile Creek, a tributary of Babine Lake, where they are
obtained by seining and stripping sockeye on the spaWningA
groundg., The entire transfer operation, from sgg-taking to
unloading at the hatohefyg is effected in less than 10 hours.

MPungue growth during the incubation atage ié
pontrolled In the hateohery by the twice-weekly application
of Malachite green at a concentration of 1:200,000 for a
period of one hour, Thig treatment is discontinued whan
natohing commences. Haoh tray of eges is "ploked" at least
onee during the eyed-atage.

' Before yolk absorption is complete the alevins ave
transferred from the incubation trays to a "fry release tank',
which consists of a 1Lh~ft dlameter, 10,000-gallorn woodstave
tank, where they are placed In 12 individual pise-shaped pens.,
Thesevpans, which are foﬁr feet deep, are suspended so that
their screen floors are approximately 37-6" below the water
surface in the tank. Water delivered at the bage of the tank
wells up genﬁly'to the surface and is discharged via
12 surface outlets which also serve as the fry exlts from
fhe pehsc Water dlscharging from.thése outlets passes into
a common tfoﬁgh, which rings the outside of the tank, before
emptying into a pipé leading to the river., As the fry reach
the migraht gtage they are permltted to leave the tank from
whence they are conveyed to the river by the trough-and-pipe

arrangement. Although fry release 1ls restrlcted to the
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‘nighb hours the tank ig completely ericlosed in order to

provide continual darkness.

The 1960~61uhatchery operation was restricted to a
small-gcale "pilot‘plant” In order to test the equipment and
operating conditions during the severe winters. Several
defects and deficlencles detected thereby were immediately
corrected, and the hatehery was then operated at half-
capaclty in 1961-62, Tull capaclty was achleved for the
firet time in 1962. The following table summarizes the
pertinent details with reapect to the hatchery operation to

date.

Number of Eggs Number of Fry Porcent Survival
Year Recelved Relenged Igeg to Fry
196061 315,000 7,000 23.5
196162 5,200,000 3,800,000 (preliminary 73

estimate)
1962-63 11,400,000

In order to assess the elffectiveness of the hatchery
operation a long-range program involving comprehensive studies.
of the juvenile and adult migrations was initiated in 1961.
| In 1961 and 1962 the sockeye escapement to the
Bulkley systém‘Was enumerated at Moricetown Falls, and that
portion which migrated to the Nanlka was estimated on the
bagls of live- and dead counts on the sgpawning grounds,
Substantial numbers of mature-~ and spawned-out sgockeye were

also observed on a series of alluvial fans along ten miles
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of the shoreline near the south end of Morlce Lake, and
matiure sockeye were taken by nets in the Atna River gsystemy
but when it proved to be extremely difficult to obtain
aeccurate satimates of these pbpulations by direct means, an
indirect approach, which assigned all of the unaccounted-~for
esoapement to the Morice and Atna system, was employed to

develop the Ffollowing estimate of the spawning distribution.

Total Kscapement Upper Morice &

Year Moricetown Nanika  Bulkley Atna
1961 11,000 5,000 - - 9,000
1962 8,500 3,500 lLoo 11,600

The sockeye migration at Moricetown Falls continues
through the months of July and August with the peak occurring
about the end of July. The peak of gpawning activity in ‘the
Naniks River occurs in labe September, approximately 10-15
days later than that in 15-Mile Creek, the hatchery donor
gtream.

The mean fork lengths of female and large male
sockeye sampled at Moricetown Falls measured 57.3 em ahd
60.7 em respectively in 1961, and 58.2 cm and 62.1 cm in
1962, These fall within the range of. the mean lengths
recorded in the period 1949-61 at the Babine counting fence,
through which the 15-Mile Creek spawning population would
have passéd.

Studies to determine the age composition of the
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Bulkley-Morice sockeye stocks were undertaken at Moricetown
Falls in 1961 and 1962 with the following results, which are

expresgsed as percentages.

Age .

NO ¢ ’ -
Year Samples 32 ”2 52 MB 53 63 6u
1961 211 - 502 ]..09 005 7,4.0,.' 1711 1.0
1962 219 0,5 6. 11.0 1.8 48.hL 31.1 0.9

A downstream~sampling program employing equipment
which permitted sampling at any point in the river oross-
gection was conducted on the Nanika River in the spring of
1962 in order to measure the fry output from the 1961 spawning.
'Fry migration continﬁed throughout the sampling period May 31
to July 16 with the peak occurring on June 25. In this
connection 1t 18 Interesting to note that the fry emigration
from the hatechery release tank coincided closely with that
from the natural spawning. The mean length of the fry from
the hatochery was only 23.0 mm and 26,1 mm in 1961 and 1962
respectlively, while those of the natural fry were 27.7 mm
gnd 30.8 mm.

The tdtal natural output of sockeye fry from the
Nanika River in 1962 hasAbeen computed at 8.5 million, and
an additional 3.8 million were contributed from the hatchery.
While the natlve fry were the product of the largest spawning
egcapement since 1956 the calculated egg~to~-fry survival rate

18 sufficlently high to give rise to the suspicion that the
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1961 esoapement wag greater than previously estimated.

The Nanike River sockeye fry rear in Morice Lake
for one or moba vears before migrating to sea as smolts.
In the years 1961 and 1962, the smolt migration from the
lake has therefore been sampled with a view to determining
ite magnitude and timing, The migration was in progress
throughout the period April 28 - June 2l in each year with
the peak occurring between May 10 and June 3 in both years.
Qomputationa baaed.on‘the smolt-gampling program revealed
that the 1961 migration was composed of 59.5 percent Age 1
(Sub 2) figh and L0.5 percent Age 2 (Sub 3) fish, while the
corresponding results in 1962 were 31.7 and $8.3 percent,
respectively. The mean welghts and lengths of the samples

. taken in both years are set forth in the following table.

Maan Length in mm; Mean Weight in Grame

Year Ape 1 Age 2 Age 1 Age 2
1961 : 76.2 98.6 3.43 7.39
1962 £ 75.0 98.4 3.72 8.10

4 A tow-netting program was initiated in 1961 to
measure the relative abundance and distribution of Jjuvenile
gockeye int Morloe Lake; and durlng the same year a limnolo-

gioal study, embracing the collection of temperature data,

geochi~dise records, and the relative densitles of zooplankton,

was also initiated.
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2.3.2 Pink Salmon Transplants to Robertson Creek (See also

Section 2.2, page 88)

Small indlgenous populations of pink salmon, which
have a biennial cycle, spawn in the lower reaches of the
Somasgs River system, near Alberni, in the odd-numbered years
only. While this epecles has rarelj been observed in the
upper reaches of the system recent developments such as the
alleviation of an obstruction at Stamp Palls and the
construotion of a suitable spawning ground at the Robertson
Creelk spawning channel created conditions which were deemed
suitable for the introdustion of pink salmon into the upper
watershed with & view to establishing a substantial tun in
all years.

"Trangplants of eyed pink salmon eggs to the .
Robertson Cresk spawning channel , which is gituated in the
upper Somass system, commenced in 1959, and these have been
conbinued annually since that time on a varying scale
depending upon the avalilability of eggs in the donor streams.
Collections from the Tsolum River and Indian River (Burrard
Inlet) in 1959 resulted in a'%ran9plant of 1,6 million eges,
While the Tsolum escapement in 1960 permitted a transplant
of 850,000, The full-scale transplants of 1961 (4.8 million)
and 1962 (5.4 million) were secured from the Indian and
Atnarko Rivers resgpectively.

In the years‘1959 to 1961 inclusive, the green

(newly~fertilined) oggs were transported by vehicle or
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alperaft td a hatchery near Courtenay, where incubation was
permitted to proceed to about 650 Fahrenheit units. At
this stage they were transported to, and planted in the
gpawning channel. Incubation losses were held to a range of
B-8 percent.

In the spring of 1960, the entire downstream
migration resulting from the 1959 transplant was captured

garnid enumerated, and ega-to-fry survival was found to be

'approximately 95 percent., Goinoident with the regular plante

ing procedure a mumber of survival-assessment basket plants
were made., These consleted of 100-300 eyed eggs and

aggorted gravela in wire-mesh bagkets, fabricated in the
ahape of S~inch cubes, which were buried at selected
locatblons between the planted rows. A number of these
baskets were removed and exemined periodically throughout

the incubation'period, and the rate of survival caiculatéd
by this nmeans corresponded closely to that obtained by the
total enumerabion., Ths trapping and handling assgociated
with complete snumeration imposes unnatural physical stresses
whioh‘in all probability redﬁoes bhe survival rate,
Consequenbly somplete enumeration has not heen undertaken}
gince 1960 although downstream migrations have béen sampled
in order té esteblish the diurnal and seasonal timing; and Aﬁ
bagket plants have been employed to determine the egg-so-fry
gurvival rate. By these mothods 1t has been found that about

85 percent of the fry emerge from the gravel to commence
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their downstream migration when 2,000-2,150 Fahrenheit units
have been accumulated. Average survival rates have been
89 and 93 percent in 1960 and 1961 respectively.

Ezggs for the 1962 transplant were taken from the
eacapement to the Atnarko River (Bella Coola system), and in
cantrast to previous years, pre-planting incubation was
undertaken at both donor and recipient streams. One million
oged were placed in a temporary floating "hatchery" in the
Atnarko River while six million wers shipped directly by
vehlole and alroraft to temporary incubation facilities at
Robertaon Creek, Pre-planting mortalities at both stations
were inordinately high (over 17 percent at Robertson COreek
and 31 perecent at Atharko). Proeliminary histological
exdminations indicated that a high proportion of these
losees were caused by unfertilized egge. In addltion, an
egbimated flve percent of the Atnarko-incubated eggs were
ghapacterized by reduced vascularization and retarded or
arreosbed development., It is consldered that incomplete
siroulatlion and mechanical Injury probably contributed
substantlally to the severe lbsses at the Atnarko, whlle
ﬁigh temperatures during the initial incubation pewvlod may
‘han beaﬁ instrumental in the Robertson Creek losses,

A total of 5.45 million eggs drawn from both
gources wore planted between October 12 and November 5, and
a preliminary estimate based on the inspection of 11 of the

L5 survivel ~assessment baskets indicates that average
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egp~to=alevin survivals wlll be in the owder of 76 and
86 percent respectively for the Atnarko- and Robertson Oreek-
incubated eggs. |

In 1961, 131 adult pink salmon, which were the
product from the 1959 transplant, returned to Robertson
Creek, and an additional 30 spawners were observed during
periodio inspections of the remainder of the Somags system.
Tn 1962, the adult return to Robertson Creek from the 1960
trangplant totalled 240, Survayﬁ of the upper Stamp River
dupring the peak of apawnlng activity in the channel revealed
only two spawning fish, and in both years, losses to the
Alberni Inlet-Barkley Sound glllnet fishery were neplipgible.

Bxperience obtalned to date in commectlon wlith
thig program supportz the following generalizations: Redds
ware mogtly conflned to the channel marging except in those
instances where an earlier planting produced a riffle effect.
Hpe vetettlons in 1961 averaged 0.1 percent with & maximm
of 1.5 percent, Total egy deposition was approximately
70,000, In 1962, pre-spawning mortality and an increased
period of ratention reduced ﬁhe poten tial egg deposition of
il0,000 by 30 percent., Wabter temperatures in the channel
during the holding and spawning period ranged between 65°
and 589F in 1961, and 64° to 60°F in 1962. Post-spawning
veloclties at redd sites ranged from 2.1 to L.l feet per
gsecond, and dlssolved oxygen in the sub-gravel ranged

* between 9.6 and 13.2 parts per million.
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2+3.3 Transplants of Adult Coho and Chinook Salmon to

Robertson Creek (See also Section 2.2, page 88)

In 1961, 653 coho and 220 chinook salmon, captured
at the mouth of Robertson Creek and at Stamp Falls, were
trangported by tank truck to digcrete sections of the
Robertson Creek spawning channel.

The ssction reserved for coho 1s approximately
4O feet wide by 785 feet long, which, wlith dus allowance
for three 30-foot holdlng pools situated at the two extremi-
ties and the mid-point, provides approximately 2,600 squaré
vards of spawning ares. Chinook trensplants were introduced
into a 630-foot section, with pools at the downstream and
upetream ends, which provides a potential spawning area of
about 2,000 square yards.

Bighty percent of the spawning of both specles
oscurred within 100 feet of the holding pools, with water
temperatures during spawning ranging downward from 559 %o
UB9F for the chinooks, and from 55° to 38°F for the coha.
The average individual spewning duration was six days for
chinooks and nine days for coho. Chinooks averaged l.,500
éggs per female, coho 2,700. Twenty percent of the 80
chinook females spawned completely, 30 percent partially,
and the remaindsr died unspawned. of the 270 coho females,
Il percent spawned completely and 6 percent partially.

Incidence of fungus (saprolygnia sp.) Infection was in excess

of 80 percent for both speciles,
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The average area of 15 chinook redds was li.6 square
yards while that of 12 coho redds was 2.7 square yards. At
the 1imposed densitles, utilization of the spawning areas
avallable to each specles was only seven peroent for the
chinooks and 16 percent for the coho. Dissolved oxygen
concentrations 1n the sub-gravel at redd sltes ranged from
9.6 to 12.2 ppm. The total caloulated egg deposition was
386,000 and 150,000 Lor the coho and ohinooks respectively.

I the gpring of 1962, traps werevlnstalled in the
experimental test flume, which 18 sgituated downstream from
ﬁhﬁ'transpianb areas, in order to faclllitate a complete
enumeration of all downegtream migrante. TFrom Aprll 16 until
May‘2h, a total of 81,000 chinook and 85,000 coho fry were
eaptured, The former, which represents a 5L percent egg-to-
| fry gurvivel rate, is consldered to be a relatively accurate
minimim agsessment whereas the latter must be adjusted to
in@lude approximately 15,000 coho fry captured upstream of
the trapping slte for use in,theArearing experiments,
Furthermore, 1t has been estimated that upwards of 10,000
agolio f'ry took up residence, a£ least temporarily, in the
ahﬁﬁﬂal. With allowances for these factors the coho epg~to-
fry survival has been estimated at 33 percent. Water
temperatures during the perlod of fry migration ranged
betwaen LB° and 5508, “

The 1962 adult tranaplants were limited to 1193

coho which were captured in the lower extremltles of
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Robhertson Creek and at the Stamp River outlet from Great
Central Leke. These were liberated in the spawning section
~used for the 1961 transplantsg. The high pre-~spawning
mortallity incurred in 1961_prompted examination of all
ocdpblives so that only the damage-free individuals would be
introduced into the channel. By the end of the year over
80 peroent of the btransplanted population had been accounted
for, with U2 percent of the females having spawned out
aompletely, 1l percent partially, and the remalnder dying
uttspawned., Post-mortem examination of all females revealsd
that the incldence of Pungus infection approached 100 per
corit, The relative serlousness of the individual infections
was measured by recording the percent of head or body areas
which were vigibly infected; whether or not the gills were
infeoted; and the nabture of the infectlon -~ whether super-
flolal, or deep, IMurunculosis leslons, £fin rot, pill
damage, and interﬁal damage were also recorded. The results
of the preliminary analysls based on these records are
pregented in the accompanying table, which refers only to those
conditions which were most commonly encountered and/or those
where lethal potential could reasonably be inferred.

It will be noted in the table that the extent of
fungus infeotion in the head reglon and the incildence of
damege and infectlion in the gilles are significantly higher
in the ungpawned and partlally-spawned dead; that damaged

gills and furunculosis leslons are common only to the
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ungpawned dead: and that the extent of fungus on the body

does not appear to be correlated with spawning success.

Dead Condition Spawning Success
(Females only)

Partially Completely

Ungpawned Spawned Spawned
Average % of head aves
infected by fungus :
(Superficial and deep) 90 . 80 65
Percent incldence of
deep fungus infection
(head area) 90 85 55
Percent incidence
fungus infected gills 90 100 75
Percent incldence
glll damage ‘ 25 0 0
Peroent 1lncidence
furunculosis lesions 20 0 0
Average % of body area
infected by fungus
(Juperficial and deep) 23 10 22

Redd distribution in 1962 varied somewhat from
that which wag recorded in 1961, with Ll percent of the
egtablished redds having been classed as marginal (centres
not more than five feet from the channel margin), 27 percent
pool~influenced (not more than L0 feet upgtream or downstream
from holding pools), seven percent cenltral (not assoclated
with pools, and their centres lying in the middle-third of
the channel), and the remaining 22 percent being grouped in

- a general "submarginal™ clasgification. TFloating cover set
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out in mid-stream and along the marging of the channel did

not appear to be of significance insofar as redd dlgtribu-

- tion was concerned, although 1t was utlilized extensively in

2.0

the holding pools. The effect of riffle areas on the
gelection of gpawnling sites was tested by means of a
simulated, channel-width riffle, 50 feet long, which was
well-removed from the possible influences of the pools.
While the riffle constituted less than elght percent of the
total avallable spawnlng area, over 20 percent of the
recorded redds were concentrated in this area, with over
60 percent being marginel, and the remainder submarginal.
In spite of the relatively-low impogsed population density,
up tHo 30 percent of the redds suffered to some degree from
overapawning. The average area of 18 randomly-selecthed
redds was 6.3 square yvards. Spawning temperatures ranged
between 50° and 38°F, and channel discharge, which ranged
betwaen 130 and 150 e¢fs, maintained the depth of flow at
approximately 20 inches, wlth velocities in the range of

1.9 to 2.2 fps.

INVESTTGATTONS AND ASSESSMENTS

2.1.1 Indian River

Indian (Canoona) River, which is situated on
Princess Royal Island approximately 120 miles southeast of
Prince Rupert, drains a two-lake system into Princess Royal

Channel, near Putedale. The one-mlle 1ength between the
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lower (Cancona) lake and the river mouth is relatively steep
with three glgnificant reaches of localized drops, one of
which is 1océted near the mouth immediately above the flood~
tide influence, another lmmedlately downstream from the lake,
and the third midway between these two. Throughout the
normal rangs ol discharge, one or more of these drops
constlitutes an obatruction to migrating pink galmon which
gpawn in the river, and in some years, they have caused this
gpecies to be elther partly excluded from the watershed or
thelr dlstribution has been restricted. Only under rare,
and exceptionally favorable conditions, have amall numbers
of pink salmon been able to ascend the uppermost falls and
proceed to Canoona Take and the extensive spawning grounds

- upgtream. While coho sgalmon have been more successful in
galning access to the upper watershed, they frequently have
been observed to experience mortallty at the third falls.
Recent salmon escapements to the Indlan River have been
egtimated at 20,000~50,000 pinks (odd-numbered years only),
1,000-5,000 coho, 500 chumg, and less than 50 sockeye. As
the bed of the Indian Rlver conslsts only of scattered
bookets of gravel in a bedrock base the total spawning area
avallable 18 restricted to less than 10,000 square yards;
and it would appear that the Spawning escapement to this
gystem ls substantlally greater than that which would normal -
1y be congidered as the optlmum capaclty.

The Anchor River, which drains the upper (Anchor)



-1 13-

lake Into Canoona Lake, contalns extenslve gravél beds which
are virtually unused becausge of the access difficulties
outlined in the foregoing., *ith a view to achieving full
utilization of this uvsbrean potenﬁial; this Branch has
congtructed three vertical-slot fishways, one at each
obstruction in the lower river,

A blolonlcal prosram was initiated in 1961 to
asgess the effectiveness of the newly-constructed flshways.
In that year a pink salmon population estimated at 50,000~
IO0,000‘entered the system during August and September, and
1t was observed that these fish utilized all three structures
wilithout apparent delsay or injury., While spawning occurred
throughout the watershed it was especilally signlficant that
an egtimated 20,000 pink salmon ascended the lower river to
Canoona Lake where they resided for a short oeriod of time
befare contlnulng on to spawn in the Anchor River. A study
of cercasg samples obtained from the Anchor River spawning
grounds indicated that the flsh had spawned succegsfully.
The total eges depositlon was caleculated to be 18.0 miilion.

The uwnprecedented utilization of the Anchor River
ag g pink salmon spawning zround logleally ralsed questioné
ag to the egn-to~fry survival rate and the relative success
of the fry in migrating through the system to the sea.
Morevoer, the relatlve ease with which the pink salmon
agcended to Canoona Lake ensures that the coho, and possibly

gome chums and sockeye, will utilize the upper watershed to
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a greater extent than formerly; and since these gtocks might
therefore be expected to Increase 1t was Ilmportant that
thelr abundance be accurately measured. To answer these
quegtiona a downsgtream-sampling program was conducted In
Anchor River, Cancona Lake, and Tndian River in 1961,

The egpg~to-fIy survival rate was estimated from
data obtained at inclined-plane traps installed in the
Anchor Rlver, and in the Tndlan River at two locatlons - the
outlet of Canoona Lake and immediately above tidal influence.
Smell-mesh beach seines and glllnets, which were operated
throughout the meason at several locatlons in Canoona Lake,
provided the basls for estimating fry abundance. The traps
were ugsful alsgo for the collection of samples for determina-
tlion of sex, length, and 8tomach contents.

The trapping operation conducted in the Anchor
River from April 8 to May 18 resulted in a catch of 6,000
fry. Only slightly less than éne percent of the total
crogs-gection was flshed, however, and i1t has been estimated
that the total fry population origlnating in the Anchor River
was in the order of .5 million, which indicates an epgg-to-
fry survival of approzimately 25 percent.

The seaward migrations from Canoona Lake and Indlan
River were sampled from April I to May 19, and while no
attempt has been made to calculate the total migrations
there was some evidence that the traps were not consistently

gampling the emigration. Nevertheless, it 1s known definitely
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that plnk salmon fry migrated out of Canoona Lake.

The data obtained at the Anchor and Tndian Rivers
showed that the fry at the time of emergence ranged from
32 to 37 millimetres in length, with the average being
3.5 millimetres (tip of snout to fork of tall). The fry
captured at the outlet of Canoona Lake, however, héd a range
of 33 to L0 millimetres with the average being 38 millimetres,
and it Waa‘posaible therefore to identify the Anchor River
fry in the Tndlan River sampling trap.

The 15 beach-seine sety made in Canoona Lake
regulted in an aggregate cateh of 39 adult trout, flve coho
fry, 6 pink fry, 316 stioklebaok, and 113 sculpin, while
15 glllnet sets caught a total of 213 cutthroat trout,

51 kokanee salmon, 29 dolly varden char, and 13 sculpin.
The presence of kokanee 18 of intersst in view of the few
adult sdeckeye observed in the system.

| Examination of the stomach contents of trout taken
in the gillnets revealed that those which were sexually
mature had not been taking food whereas the immature trout
had been feading on bottom materiasl and pink salmon fry.
While 1n most instances an accurate analysis of the stomach
contents wag not posslible because of the advanced stage of
digeation, 1t was estimated that somevsamplas contained as
many ag 100 fish. Fry were found invthe stomachs of the
other species, although schools of fish, believed to be

kokanee, woere observed on the lake surface when fry were
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present. The limlted data indicates that predatlion may be
an -important facbor in future evaluation studies.

Ag a result of theé data obtained from the biologil-
cal programs undertaken in 1961 and 1962 it has been
concluded that the Indlan River fighways are fulfilling

thelr intended function. .

2.14..2 Seymour-Belize Inlets

| Several years apgo this Branch was requested to
cooperate wlth the Tigheries Research Board in a Jolnt study
to determine whether or not it mi@ht be feasible to convert
Seymour-Belize Tnlet from a tidal basin into a fregshwater -
lake inbto which sockeye salmon could he introduced with a

view to establishing a valuable gelf-perpetuating run.

This investigation, which was of a very preliminary order,

involving only office studies and a research of avallable

literature, was completed Iin 1962,

Seymour-Belize Inlet, located on the mainland .
coast of British Columbia oprosite the northern tip of
Vancouver IQ1and, ié a tldal bhazgin wlth approximately
100 square miles of water surface which 18 completely land-
locked except for 1ts narrow outlet to the sea. Tributary
streams are known to suppbrt amall runs of coho and clhuan
gsalmon but the area has never been regarded ag a good
producer of these agpecles, nor has it ever been known to
gupport sockeye. Nevertheless, the geographlcal, physical,

and ather simllarities between this basin and Owikeno ILake

B
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immediately to the northg led to the conjecture that 1f

Seymour~Pelize. were converted into a freshwater lake, 1t

should be able to support a population of sockeye which

would be comparable to that of the Owikeno system (Rivers

Inlet fishery).

Preliminary atudies of this proposal revealed the

following:

(a)

In order to prevent saltwater intrusion into

the proposed lake, 1t would be necessary to

~construct a dam at the outlet which would be

at least 1,600 feet long with an average helght
of 90 feet minimum. wWhile avallable data was
not such that even a very preliminary coat
estimate could be prepared, 1t was concluded
that a sultable structure at thls site probably
would coat upwards of $10,000,000 and might

even run as high as $50,000,000, TFurthermore,

the structure would have to be equipped with

aultable splllways, flshways, and a navigatlon
lock, and these undoubtedly would cost an
additional several million dollars,

While no predictions have been made with

respect to the time required before the basin

could be "freghened" to permit the introduction
of sockeye salmon, there is evidence to

indicate that this would require tens of years
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'and 1f this is 80, there 1g little doubt that
the congtruction costs and the accumulated
interest averuilng over the transition period
would not be offget within a reasonable period
of time by the fisheries returmns.

{d) Avallable spawning dreas wlthin the basints
waterghed are not extensive enough to suppord
g large gockeye population and theve ig doubt
that spawning channels or hateheries would be
gsuitable for a project on so large a scale.

{e) Available knowledge 18 not such that the
raguirements for a succeseful large-scale
trangplant of this type can be deflined,

- The Joint conelusion reached in this study was
that while the projsct might, perhaps, have some merit, its
relatively colossal scale and abtendant uncertainties are
guch that 1% would not be a reasonable undertaking at this
time. TIn thie connection, 1t has been noted that there are
many known sookeye-supporting lakes in British Columbia
whioh are csonsldered to be capable of supporting much larger
populations, and it is suggested that since imvrovements
aimed at native runs will have the best chance for succeas,
the fleheries development program should continue to be
diprected toward these projects before consideration is
glven to the possible establishment of runs in areas to

which they are now forelgn,
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2.11.3 OQwikeno Lake

Owlkeno TLake, which isg situated approximately
250 miles northwest of Vancouver, serves as the freshwater
rearing area for the valuable Rivers Inlet salmon stock,
which over the last 60 years has contributed to the commer-
cial fishery an average annual catoh of one million pleces.

As part of an overall investigation, which
included an assessment of'the adult escapement, thils Branch,
in the early spring of 1960, initiated a program on Owikeno
Lake to measure its baszic limnolopgloal features as they
pertain to juvenile sockeye production, These studies have
been continued esach year since then, so there are now three
years' data on hand,

Owikeno ILake (see accompanying map) is composed of
a chaln of four separate baginsg interconnected by relatively
shallow narrows. Basging 1 and 2 (the lowermost basiﬁs).are
characterized by extreme depths, exposure to strong winds,
and high turbidity. In contrast, the upper two basins
(basins 3 and 1) are shallower, sheltered from the prevail-
ing winds and are considerabiy lesgs turbid.

The data presented in the following review
represent twice-monthly observations collected from five
juvenlle sampling stationg and eight limmology statilons
which were evenly distributed throughout the lake. While
the full significance of these data is lost by combining

them inta yearly averages, a more detailed analysis is beyond
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the scope of this report. The "All Basin' dabta hag been
welghted, however, for the relative area represented by each
basin,

Since gockeye smolt production 1s directly depend-
ent upon the basic nutrients — phytoplankton-— zooplankton
—mpookeye L1y food chaln, the present study is primarily
concerned with the measurement, in a quantitative manner, of
pach of these trophlc levels.

Baglc Nutrients

Since a deflclency of phosphorus, more than that
of any other baslc nutrient material, 1s aot to limit basle
productivity, 1t was chosen as a measure of baslc nutrient
value. While the method employed for the determination of
goluble inorganic phosphate content had a sensitivity as low
ag 0,01 ppm, 1t dld not prove to be sultable lor the
extremely low concentratlions present in Owlkeno Lake.

Phytoplankton

The "1light and dark" bottle technique was chosen
to measure the rate of photosynthesls and hence the rate at
which basic nutrient materials are incorporated into phyto-
plankton cells, This technlgue also proved to be too
insensitive for use at Owlkeno ILake, and consideration is
now being given to the feasibllity of using the hypersensi-
tive radiocactive carbon technique.

Meagurements of the lowermost steps in the food

chain have bsen attempted bubt these have not beon completely
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satlsfactory, although they do provide some indication of
the very low primary production which occurs in Owikeno
Lake. On the other hand, the zooplankton- and sockeye fry
gsampling techniques are apparently providing an adequate
measure of the dlstribution, growth-rate, and relative
ahundance of the sockeye Juvenlles in the lake, and of the
abundance and distribution of their maln food supply.

Zooplankton

A No. 10-mesh plankton net, raised vertically at
: represehtative stations on the lake, provided the means by
which zmooplankton was collected. 'The mean April-to-October
results, expressnd as dry welght of organic matter in pounds

per acre, 18 presented hereunder.

Year Bagin 1 Bagin 2 Bagin 3 Basin l  Al)l Basins
1960 o5 6,0 3.1 6.7 5.0
1961 3.5 3.7 2.0 6.1 3.7

1962 7.5 T 7.7 12.3 8.2

The wide varilations in the zooplankton standing
orop which have occurred during the three-year period appear
to be directly related to lake transparency, and inversely
sorrelated te the population denalty of the juvenile sockeye.
Tn all years Basin L exhibited the highest standing orop,
while in two of the three years, Bagin 3 had the lowest,
From year to year, the quantity of zooplankton in all basing

varied similarly.
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Juyenile Sockeye

The abundance of Juvenile sockeye in the various
baging of Owikeno Lake was estimated by means of a method,
developed by the Pisheries Research Board of Canada, which
converts tow-net catches per unit of effort into population
denslties per acre on the basls of catches obtained in a.
1ake.for which the approximate population is known, The
followlng table gets forth, in figh per acre, the juvenile
abundance 1n the various bagins of Owikeno Take, as egtimated
from the tow-netting results obtained in July-October of the
yvears 1960-62 inclusive, and the total abundance in 1959, asg

egtimated [rom the tow-nebtting conducted In the gpring of

1960,

Year Basin 1  Basgin 2  Basin 3 Basin I ALl Bagins
1959 - - - - 9,675
1960 6,690 8,880 8,290 6,180 7,620
1961 3,600 2,880 970 1,990 3,553
1962 I,105 2,210 It, 510 2,970 3,92l

It will be noted that disproportionately-low
populations exigted in Bagins 2, 3, and I in 1961, and while
the situation improved somewhat in RBasing 3 and I in 1962,
the juvenile population in Basgin 2 still remained dlspropor-
tionately reduced from the 1960 levels. It is of interest
to note that this uneven distribution of Jjuveniles is

comparable to the distribution of parent spawners in the
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tributaries to the respective lake basing.

Mnrerling sockeye in Owikeno T.ake exhibit an
extremely slow growth rate as 1s evidence by the fact that
in April and May the mean weight of an individual approxi-
mates 0.2 grams and by mid-October 1ts weight has increased
to only about 1.0 grams., The following table shows the mean

October welght of fry, in grams, recorded in the various

basing of Owikeno Lake during the three years of study.

Yoar Bagin 1 PBasin 2 Basin 3  Bagin Iy  All Basins

1960 0.8 0.7 0.6 0.6 0.8
1961 1.2 1.1 0.9 1.2 1.1
1962 1.0 1.2 0.8 1.0 1.0

Analysls of the mean welght fluctuations from year to year in
the varlousz baging indicates that the growth rate of
juvenlles lg Inversgely related to the existing population
denai ty.

The produst of the mean weight and the number of
Juvenlles present in an area, 1s a measure of the amount or
bilomass of sockeye in»that area. In view of the inverse
relationghlp between numbers and size, the bidmass of a
population of juveniles in a lake does not fluctuate as
widely from time to time as do the numbers of fry. From the
trOpho—dynamic standpoint, the bilomasi is a food measure of
soockeye production as 1t is indicative of the mmount of

material that ends up as fish flegh. The following table
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gets forth the mean October bilomase, in pounds per acre, of
gockeye Juveniles In the varlous basineg of the lake in 1960~

62 inclusive.

Yoar Ragin 1 Bagin 2 Bagin 3 Bagin L All Rasins
1960 11.8 13.1 10.0 8.2 12.6
1961 9.0 7.1 2.0 5,2 8.7
1962 9.8 5.9 7.9 6.l

). 8-9

A geries of regressions, based on the logarlthm of
the catoh in relation to the elanged time over a 100-day
period, have been computed as a means of assessing the
survival rate. The regression lines so computed generally
tended to be stralgsht, and it was assumed, therefore, that
the mortallty rate was constant throughout the 100-day period.
It was also assumed, with one exceptlon which 1s discussed .
below, that the avallabillty of the fry remained constant

during this period. A summary of these survival rates, .

expressed ag percentages over a 1l00-day perlod from July to

October, is presented in the following table.

Year Basin 1 Bagin 2 RBagin 3 Bagsin I Mo an
1960 30 17 6 25 20
1961 1.0 32 9 79 110
1962 29 66 2 39 33

The low survival rates in Basin 3 are suspect, and
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1t 18 thought that they might he due to emigration from the
gampling area. A vlot of the survival rate agalnst the
numbera of juvenile gockeye present Indicates that these
two factors are inversély related, with survival gradually
lnoreasing aa the population density declines from 9,000
juvenlles per acre to 1,000 per acre, afber which further
reductbions produce an sven greater effect on survival.

The dbundamce of zooplankton can also affect the
gurvival of residenﬁ sockeye juveniles in the lake, asg
evidenced by the plots for each basin of the mean April to
October zooplankton standing crop againgt the 100-day
survival figures, These Indicate that a positive relatlon-
ghip exlats between ths amount of zooplamktdn avallable and
the rate of survival of Jjuvenile sockeye, although the
correlation, as might be expected, 1s not high since
gurvival is dependent upon factors other than those related

to food supply.

2.1 8tream Inventory Program

Tn 1961, this Branch initlated a long~range
program to asseass all existing and potentlial salmon-bearing
watersheds In Britlsh Columbia wlth a view to delineating
the individual factors which limit esalmon production in
eachj and having done so, to conslder, on a priority basis,
the remsdial measures which might be Iimplemented to improve
salmon production fof gome, or all, of thpselwatersheds.

“This assegsment will result in the compillation of a
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catalogue or inventory which will record each stream by
means of a description, map, a classification, and a
tabulatlion of 1ts gpawning populations.

Queen Charlotte Tslands

The Queen GCharlotte JTglands were selected as the
firat area for study becausge thelr present stocks of salmon
are substantially lower than their long-term averages. The
watershed surveys, which were conducted during the late
spring and in the summer months, had ag thelr objective the
following program: to measure the quantity and quality of
gravel in the areas which were readily accegsible to fish,
a9 n bagis for'estimating the total avallable spawning area;
to record ingtances of logging and mining operations (past
and present) in close proximity to the streams, in order to
determine whether or not these opsrations have influenced
galmon production; to obtain basic data with resgpect to
polnty of difficult passage, and to collect information
regarding stream characteristics above these polnts, having
reference to their potentlal salmon production; to record
for future referénce, the type and scope of fisheries
development work which might be implémented with a view %o
gubstantially increasing productiong and to obtain samples
of chum salmon spawning populations lookling to determihing
the size and age composltion,

| These surveys were facilitated greatly through the

cooperation extended by the Protectibanranoh, which supplied
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transportation, accommodation, and general advice and
assistance;

The data on hand indicate that the watersheds of
the Queen Charlotte Islands have an estimated 3.0 million
gquare yards of readily-available spawning gravel, and that
these are being explolted only lightly by the present
galmon populations. Some minor streams in the southeagtern
-goctor of the area have lost thelr productive capacity as a
regult of altered runolf patterns which have developed from
the denudation of the watershed by the lopging interests;
although loss of sultable spawning substrata as a result of
gravel-removal by the logging, and other industries, is
algo a factor. A number of other minor streams appear to
have rehabilitated themselves after belng logged-off and
these may have regained their inltlial productivity.

While industrial operations appear to have adversely
influenced salmon production in some local areas of the
Queen Charlotte Islands, the affected reglons are not of
such a scope as to be resvongible for the present condition
of the salmon stocks. This view i1s strengthened by the
fact that the relative declines in the salmon stocks of the
unlogged watersheds have bheen in the same order as those of
the lopgged-off watersheds.

Points of Alfficult vassage have been located on
g8ix streams, and while preliminary engineering surveys have

been recommended, it is considered that implementation of
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remedial measures would not greatly enhance thelr present
production.
Stream-flow metering stations were egtablished
during the year on five major streams which are considered
to be potential sgites for {isheries development projects,
The results obtained from these installations will prove
invaluable to the future aésessment gurveys inasmuch as
there are no existing records of discharge for the streams
on the Queen Charlotte Iaslands,
Scale and length samples taken from chum salmon -

in 17 streams in 1951 revealed that these flish wore three-

and four-year olds.
2.1..5 Babine ILake
Approximately 90 percent of the sockeye salmon
baken in the Skeena River filshery originate in the Babine .
system, which dischargesrinto the Skeena 150 miles noftheast
of Prince Rupert. Babine lLake, with a surface area of .

186 square miles, and Nilkitkwa Lake, a small expansion of
the Babine River immediately downstream from Babine Lake,
geprve as the rearing areas for this sockeye run.

Studies undertaken by the Pisheries Research
Board of Canada have shown that the smolt production from
Bablne Lake currently represents only 1/3 of the lakets
estimated productive pobential: and in view of these
findings it would seem that the lake could sustain a fry

input some 300 percent greater than that which now occurs.
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Accordincaly, this Branch and the Fisheries Research Board,
with the guldance of the Skeena River Management Committes,
have initiated astudies looking to determining the most
suitable means by which the full potential of the Rabine
gystem might be realized.

3ixteen streams tributary to Pabine Lake currently
provide spawning pgrounds for 300,000~500,000 sockeye, but
one-third of this area 18 of only sporadic value from the
produc tion viewpoint because of unstable Clow reglimens.
furthermore the commercial [ishing operations at the mouth
of the Skéena River are regulated in accordance wlith the
recommendations of the Skeena River Management Committee to
ensure that the spawning escapements are of a magnitude
which will fully utilize these avallable spawnling areas.
In view of these considerations preliminary assossments
determined that improvement and extension of the exlsting
gpawning grounds, looking to increasing the fry input to
the lake, constituted the most reasonable approgch to
developing the full potential of the Babine Lake rearing
area. Bngineering and biological surveys have thereflore
been initiated with a view to formulating a program of
development which would achleve this objective.

Surveys undertaken to date have revealed that
three spawning streams (Morrison River, Multon River and
15-Mile, or Pinkut Creek), by virtue of their lake-led

water suppliez and relatlvely stable conditions, warrant



~130m

serlous congideration for intensive development. Thesge
streams accormodate the larpgest existing gvawning runs to the
system and thelr geographical locations are such that each
contributes its fry outpubt to one of the three major rearing
basing 1in Babine Lake. frizzly Creek, a tributary of
Sutherland River at the south end ol Dabine Lake, 1s also
receiving consideration for possible development because of
ite stratesglec location and its lake~fed water supply. Its
priority, however, would be lower‘than the other three 1in
view of 1ts relative isolation and its smaller potential.

The MorrisonARivar, which serves as a spawning
ground and ag a waterway to spawning grounds upstream, l1s
froquently obstructed by beaver dams. The stream bed,
which 18 composed of boulders, bedrock, and some gravel,
can. accommodate an egbimated maximum of 30,000 spnawning
gockeye, Preliminary results of the surveys indicate that
development of this stream should be directed first to the
sccess problem, after which atbtention should be centred on
improvement of the spawninzg srounds, and possgibly to the-
implementation of flow regulation measures,

The Milton River which i3 accegsible for a
distance of four mlles, one-quarter of which is canyon,
la currently undergoing a speclal productlvity study. The
1961 Spawhing run of 189,000 sockeye, which is considered
to be 1ts current capacity, represented a potential deposi-

tion of 237.7 million eggs. Fry output in 1962 was
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25.7 million for a computed ego-to-Lry survival of 10.8 per
cent. The 1962 spawning run which consisted of 86,000
gockeye represented a potential egg deposition of 137 million.
Fry output and the egp-to-fry survival rate will be deter-
mined in 1963. Some spawning ground improvem@ntﬂ'could be
effected in parts of the presently uged areas,

A float survey, conducted in 1962, determined that
there were 159,400 squar e yards of suitable spawning gravel
in a 1l6-mile reach of the river upstream from a falls
which now constltubes the upstream limit of salmon migration,
Ag this ﬁpper ares oonstiﬁutes an area as extenslve as that
now being utilized, engineering surveys are being considered
to determine the physical and economic feaslbility of
implementing messures to allow fish to surmount the 60~foot
falls.

PMifteen-Mile Creek, which is acceasible to salmon
for a distance of less than one mile, constitutes a
productive spawning area with an estimated oapﬁcity for
20,000 gockeye. While it may be that the spawning potential
of this stream in the upper areas 1g not large the oxtensive
flats locabted near the river mouth supgest that it might be
a practical undertakling to construct a spsawning channel or
hatohery for purposes of supplementing the natural produc-
tion.

While these investigatioﬁs wlll be continued in

more detall preliminary vesults indicate that it might be
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pogglhle to improve fry production by a prosram of
intengive development of three, and moggibly four,

gtrateglically~located spawning areas,

2.01.6 Goldstream River

Sport-fishing intercsts in the Victoria area have
strongly recommended that a flgheries development program
be implemented on the Goldstream River, some 15 mlles from
the city, with a view to increaging its production of coho
salmon, and, posggibly, to introduce chinook salmon into the
system;

The population levels of the coho and chum salmon .
gtocks which now utlllize the lower reaches of the river for
gpawning purposes are being restrlcted by low pfevailing
flowg. Thege fesult, in part, from the upstream operations
of the Greater Victoria Water District whichAmaintains.
geveral reservoirs from which water is diverted to the
Greater Victoria area for domestic purposes. The proposal
advanced by fthe sport fighermen stemmed from reports to the
effect that completion of a tunnel now under construction
to divert water from the adjacent Sooke River watershed
into the Coldstream would so imorove the avallable water
supply in the Goldstream that it would be pogsible to
provide increased flows in the lower river for purposes of
improving salmon vroduction. In the light of thls report
the recommendatlion was deemed worthy of further study, and

investigations were therefore initlated by this Dranch in -
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1962.

- Chum salmon, with a maximum population estimated
at 20,000-50,000 in 1952, and move recently (1959-60) in
the‘2,000~5,000.range, are the more prevalent species of
galmon utilizing the Goldstream system. While the coho
selmon egcapement was recorded ag being in the 2,000-5,000
vange in 1934 and 1940, this stock, in recent years, has
been sgtimated to range from 50 to 500 fish. A steslhead
trout population of 1 to 50 figh has been recorded in some
years. Spring and pink salmon have also been recorded in
gome years, but no pinks have been seen since 1939 and only
one spring salmon was recorded in 1962, Twenty thousand
gpring salmon fry were planted in the stream in 1930 and
20,000 spring salmon eggs were planted in 1931. The adult
sﬁring salmon observed during the 1930's may have resulted
from those plantings. |

A preliminary study was carried out to determine
the physical méke»up of the accessgible area, the quantlita-
tive and qualitative measures of the stream bed material ,
and the amount of wetted ares avallable under varying flows.
In addition an inquiry was directed to the Greater Viatoria
Weter District to ascertain the magnitude of the minirmum
gpill which the District would be able to provide following
completion of the new scheme.

| The Goldstream River is accessible to fish for a

distance of only 2% miles from the mouth, further progress
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being prevented by an ilmpassable falls. The gstream ig
relabively small; with a base width of approximately

12 yards, and a summer flow of not more than 15 c¢fa. The
stream bed 18 composed largely of boulderd aﬁd bedrock
~with only the lowermost one-Tifth containing gravel.

On the basig of the bottom composition and the
full webted area which would be provided by additional
flows, 1t was caloulated that the total gpawning oﬁpacity
of the Goldstream River would be in the order of 8,000 chum
galmon, This capaciby is approximately double the recent
egcapementsg. Under exlsting floWs, however, only part‘of
the stream bod is webted and 1t appears that the productive
capacity of the Goldstream may well be that of the preéent
population level. |

| A prinecipal factor affecting the production of
ccho salmon end steslhead trout is the amount of available
rearing area, which, in turn, is dependent upon gtream
contour, wetted areas, and pool—riffle relatlonships, for
which only estlmates are avallable. DBased on the relablon-
ship that one ocoho salmon requires five squaﬁe'yarda of
rearing aresa, it ls considered that 3,000 coho smolts conld
be sustained by the (oldstream under exlsting average flow
conditions. This may represent a return to the stregm of'_
500 adults, which 1s the level of the present population..

The absence of chinook salmon in the Coldstream

River 1ls not surprising in view of the fact that this’
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species normally returns to the smaller streams of
Vancouver Tsland in the months of September and October,
where they reside in pool areas for approximately one month
before moving onto adjacent gpawning gravel. This behaviour
pattern would not be possible in the Goldetream Rilver,
however, because of thershdllow depth of flow, the absence
of sultable pools, and a lack of suitable spawning gravel

in other than the lower reaches.

The many vagaries and intangibles associated with
the opératian of a domestlec water supply are such that the
Groater Victorla Water District ig not in a position to
\ﬁromise.water releases 1in excess‘of those which have been
maintained in receﬁt years, While it 18 true that the
tunnel from Sooke lLake will provide for an increased
diversion to the Goldstream, this work will not be completed
until 1970, and it 1s estimated that the domestic demand
~willl have Ilncreased in the Interim to more than offget the
apparent advantage of the new diversion capacity.

In view of the fact that addltional flow releases
to the lower Goldastream River are not compatible with the
interests of the Greater Vicotoria Water District 1% has
been concluded that a fisheries development program, under
existing conditions, would not he likely to’oroduce results
which would be commensurate with the cost, A close llailson
wlll be maintained in future, however, with the Water

Digtrict to ensure that the flows in the lowsr Goldatream
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are malntained at the maximum posaible in order that its

full capacity for fisherlies production is fully utilized.

P ]

Cold Creek, located between the Campbell Lékes
and the Quingam flver, is a relatively small stream approxi-
mately three miles long and five vards wide. It riseé.in &
'pothole! lake which is fed by springs and, reportedly, by
infiltration from the McIvor Lake extension of the Campbell
Lake regervolr. The gstream's dilscharge and temperature
charscteristices are very stablej the maximum average
diacharge 18 approximately 2% times the minimum, and the
aﬁnual temperature range is from slightly over MOOF to 53°P.
While 1t has been reported that Cold Creek in the years
prior to 1930 supported s@véral thousand pink and coho
galmon only a few of the latter speciles have been obeerved
in recent years.

| Tn 1961, private interests in the Campbell River
aren urged that the Department undertake a fisheriles
development prbgram at Cold Creek looking to the rehabili-
tation of 1ts depleted stocks of salmon. Tn line with thie
request thls Branch has conducted site investigatlons
extending over the years 1961l and 1962, with the following
results. |

(1) Two rock falls and a number of beaver dams in

the lower one-third of the stream restrict

accoss at some flow conditions.
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(2) Less than flve percent of the stream bed,
‘whioh 18 composed larpely of silt and sand,
appeara sultable for spawning purposss,

(3) The uppsr two-thirds of the creek plus soMe

limited areas in the lower one mile have a
favorable combination of pools and riffles

for rearing purposes but the maximum water
temparature ia below that eonéidered favorable
to growth of Paoific salmon. Botbtom insechs
“appearsd gocarce at all observations, probably
a8 & result of the combination of cold termpar-
ature and relatively unvroductive silt-sand
bottom.

Laocking deballs of the spawniﬁg higtory, and the
physical and qther changes whidh may have been wrought iﬁ
the drainage avea, it can only be speculated that the stream
‘bed and water quality have been altered drastically since
the‘193ofs whan slzeable runs of coho and pink salwmon
gaourped with f@gulariby. The ralsing of the watep 19#61
in Campbell Lakesfhas posgibly altered the balance bebtwsen
.spring inflow and surface runoff. The removal of forest
pover by fires and logeing probably created condltions
reapansivle for the hemvy gilt load, These combined eoffects
have apparently made the oreek unsul table at thie time for

a development project.,
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2..8 Kalweiken River

The Kakweiken River, which rises in Kakwolken
Lake, flows in a southeasterly direc tlon for about seven
miles before discharging into Thompson Sound, approximately
10 miles east of the town of Alert Bay. For most of its
length the river has a gentle slope, but two falls, looated
about two mileg from the mouth, form an obstruction %o
galmon endeavouring to reach the excellent spawning areas
upgtream. In thls commection 1t has been reported that
only a small portion of the spawning escapements of up to
100,000 pink and chum salmon have been able to surmount the
falls, with the result that spawning has been confined
primarily to the gravel-poor lower reaches of the river.
TMurthermore, it was reported that sockeye, coho, and Ghinook
salmon, bound for thelr natural spawning grounds in the
upper reaches, were.being injured as a result of the diffi-
culties they experienced at the falls at certain discharges.

Some years ago, a channel wags excavabted around the lefdt
bank of the upper falls as a means tb facilitate fish
passagé at this point but it did not achieve the desired
'degree of success. .

On the baais of these reports a preliminary
engineering and biologioél gurvey was undertaken by this
Branch in 1961. This was followed by a detailed survey in
1962. These surveys confirmed the earlier reports when it
was found that salmon ﬁere being obstructed and seriously

injured at both falls. Observations at the upper falls
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disclosed that there was only one success for every fifteen
attempts to surmount the Falls.

In the light of these conclusions it has beén
recommended that the exlzting channel which has been cut in
the left bank at the upper falls be deepened and converted
into(an orifice~weirftype fishway as a temporary means of
relieving the siltuation, pendirg the completion of more

detailed blologlcal surveys of the river system.

2.1..9 Tsolum River

For the past severdl years this Branch has
conduc ted surveys of the Tsolum River system, near
Courtenay, B, C., with a view to measuring the quality and
quantity of the available spawning gravel, and to develop a
meang by which the normal low flowg during the pihk salmon
migration could be augmented, These surveys have indicated
that 1t might be feagible to develop a‘storage regervoir in
the headwaters of the syastem at Wolf Lake, from which
controlled discharges could be released during the cfitical
low-flow periods to augment the natural flow, and thereby
improve conditions for spawning and migration.

Additional studies, which are now in progress,
will determine the storapge capability of a reservoir at
- Wolf Lake, and whether or not the temperature of the water
impounded in the reservolr could be maintained at a desirable
level.

On the basig of avallable informatimn 1t is
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believed that it might be feasgible to increase the flows in
the river by at least 50 c¢fs, and coupled with stream
improvement there would be a marked improvement of

conditiong for pink salmon migration, spawning and incubation.

2...10 Tzoonie River

The Tzoonie River, tributary to Sechelt Inlet,
approximately LO miles northwest of Vancouver, was examined
with respect to an access problem existing in a slide area,
some 3/ of a mile in length, which is located approximately
2% miles from its mouth. While sockeye, coho, and chinook
salmon and steelhead trout have been reported to be delayed *
and blocked at gsome flow conditions, chum and pink sahnpn
have been regtricted at all stages, to the river below the
glide.

Recent population estimates range as follows:
pinks 2,000-5,000; sockeye 25000-S,OOO§ chums 10,000-50,000;
coho 2,000-5,000; and chinook salmon 50-100; and steelhead
trout 50-100,

The area of difficult accegs has been under
observation since bhefore 1923, and remedial 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
required to solﬁe the access problems for all conditions of

flow.,
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A further survey was conducted in 1962 to re-asazess
the problems at the slide area and to estimate the potential
production above and below., This study involved gpvot
obgervations at a number of points in order to assess the
abllity of fish to ascend the obstruction. In addition
measurements of the quantlty and quallity of stream bhed
material were taken.over geveral miles of watershed.

At the prevailing water levels, migrating salmon
wore found to be holding at three sites'in the slide area.
Some were observed upstream of the slide, however, and it
therefore appeared that the blockage had not exlisted
throughout the entire duration of the salmon run.

The lower reaches of the river, which are used
extensively for spawning purposes by chum and pink salmon
only, were found to be 1argeiy rock and sand with the
sultable gravel cdncahtrated in the upper mlle. The
capacity of the total spawning area below the slide was
calculated to accommodate 7,000 fish, which approaches the
chum saimon'populations recorded in Som@ fecent yearas,
Development work in the form of strsam bed improvement may
more than double the present capacity of this area.

Upstream of the obstruction the stresmbed contains
geveral miles of =sultable spawning area plus favorable
conditions for rearing coho juveniles. It would appear
therefore that the productive potential is far in excess

of’ the present populations.
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- On the basis of the foregoing preliminary findings
it has been recommended that a comprehensive bilological-
engineering survey be undertaken with a view to assesging
the access problem in detall and to develop a practical and

economle solution.

2.01.11 Big Qualicum River (See also Section 2.1.1, page 77)

The Big Qualicum River, situatéd on the east
coagt of Vancouver Island some 39 miles north of Nanaimo,
supports important stocks of chum, coho, and chinook salmon
and steelhead trout, the populations of which have varied
widely from year to year as a result of the extreme fluctua-
tlons in discharge and the high summer temperatures which
are common to most coastal streams., TIn an attempt to
maintain the annual salmon production at ﬁhe maximum
recorded levels, or higher, this Branch has constructed
tempefature— anid flow-control works which aro scheduled to
commence operation in 1963 (see plan, page 77). The
environmental control afforded by these works, together
with the future improvement of the existing spawning grounds
‘and the creatién of artificial spawning areas, provide
reasonable agssurance that the productive potential of the
stream will be so increaged that it will wmore than offset
the cost of the project.

With a view to assessing the effectiveness of
the project, this Branch, in 1959, iniﬁiated a comprehensive

program of investigations to. obtain detalled basic
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infomnation under natural condlitions for later comparison
with that resulting from the controlled conditiona; These
investigations, the results obtained to date, and the plana
for the future are sét forth hereunder.,

Since 1959 adult salmon have been enumerated at
a counting fence located 2,300 feet above tidal influence,
and the abundance of seaward migrants has been measured at
the same site. It is 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 estimates.
Four years' estimates of the adult salmon escapements are
given in the following table, with the figures in brackets
being the numbers of chum salmon enumerated through the

counting fence.

1959 1960 1961 1962

Chinook 2,411 1,569 1,111 787
Coho 3,62) 2,522 2,886 ly,615
Chum 98,500 60,000 15,000 1,0, 000
(83,500)  (57,501)  (10,h21)  (35,033)

TOTAL 104,535 6l1,091 18,997 15,402

The yearly fluctuations in the reproductive
potential of a given number of gpawners has been due, In
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 has r@mained'virtually cons tant
although yearly variations have been noted in the sctual egg
deposgition as a result of the varying abilities of the
females to complete the spawning act. TFor the three years
in which the studies have been continulng the following
estimates have been made with respect to spawning and

gurvival of chum salmon in the Big Quallcum River.

- 1959-60  1960-61 196162
Number of females above fence 42,300 23,750 6,000

Percent females in popuiation 50.7 50,0 57.5
Potential egg deposition (x 106) 123.2 0.1 19.4
Success of spawning (%) 75.5 95,0 96.0
Net egg deposition (x 100) 93.0 701 18.7
Fry output (x 106) 17.7 3.7 3.
Percent survival (from net

depogition) 19.0 5.3 18.2
Percent survival (from potential

deposition) | el IL.9 17.5

The poor survival in 1960-61 has been attributed
“to unusually high-disohargea which occurred in December,
1960, while thé low level of spawning success in 1959 has
been attributed to delays in the estuary as a résult of low
dlscharges Which prevalled in November.

In addition toﬂthe quéntitative measurements of
the downstream mizrants, attempts have been made to measure

their quality with regard to length and weight inasmuch as
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the production of fry and smolts at higher population
densities may result in a smaller average size at the time
of migration, which, in turn, could result indirectly in a
lower rate of survival during the early marine stag@,

The salinities and temperatures of the waters off
the mouth of the Big Qualicum River have been~r@corded by
the Pacific Oceanographic Group of the Nanaimo Blological
Station since the spring of 1961, so.that these factors can
be assessed in fubure studlies of early marine survival.

A tagging program conducted'in 1961 for the
purpoge of defining the time of arrival of chum salmon at
the river mbuth, and the varying tlmes spent there,
employed a drum seiner which operated within one-half mile
of the river mouth. While the program commenced on Odtober
- 23, only seven fish had been tagped by November 11; but the
catch rose from zero on November 5 to 213 on Novemb@r 11,
the next fishing day, indicating an abrupt buildup in the
chum salmon population. A total of 1,353 tags was applied
from November 11 to December 6, of which 335 (21..8%) were
recovered on the spawning grounds. The usge of six tag-
>baffle combinations, which afforded the means by which the
time of passage from the tapgging site to the fence could be
asgessed, revealed that the average btime between tagsing
and recovery on the spawning grounds wag 21 days -~ 12 in
the river, nine off the river mouth. It was also noted

that the usual tendency for late arrivals to gpend legg-
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than~averase time In migration and on the anawning ~round
was apnlicable to the Blg Oualicum chum salmon.

Preliminary analysis of the resultas of a tagging
program (See also Section 2.11.13, Page 150) conducted in 1962
in Johnstone Stralt indicates that there was a peak abundance
of Big Qualicum chum selmon in the lower straits during the
first week of Hovember, asg approximately 50 percent of the
spawning ground recoveries were fish which had been tagsed
during the vperiod October 31 to Yovember 7. The average
time between tagring and passage throush the counting fence,
for the bulk of tagpged individuals, was 21-23 days, and it

was again found that the labte arrivals took less time. IF

the movement of fish into the estuary followed the 1961

- pattern, the major portion of the tagrced fish spent apvroxi-

mately 1l days between tagging and arrival off the mouth,
with the early segments taking 3-l. weeks. Results of
previous chum galmon tagging prosrams in Johnstone Strait
during 1945 and 19%0 showed an average time lag of 7 and
12 days, respectlvely, between lower Johnsatone Strait and
recovery in the fishery off Qualicum. The apparently glow
rate abt which the Bilg Qualicum chum salmon migrate through
the local fishing area (Area 1l) is such that this stock
(particularly the early segment) is extremely vulnerable
to the fishery. Thls could have resulted in heavy exploita-
tion in the past.

The efficient use of controlled flowg to improve

the freshwater survival of salmon in the Blg Qualicum River
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requires that the effecta of discharge and temperature on
survival and behaviour be clearly understood. To this
end discharge and temperature have been recorded continu-
ously, since the fall of 1959, at the outlet of Horne Lake
and 1/l mile from the river mouth. Furthermore  the
thermal structure of Hormne T.ake has been determined at
1-2 week intervals during this period.

The studles whioh have bheen undertaken to provide
the basis for future developmenﬁ of the river with a view
to increasing 1ts spawning capacity could result In the
improvement of exilsting spawning areas by various artificial
methods and/or the construction of artificlal spawning
channels adjacent to the river. In line wlith these
principles a general approéch has been taken to determine
the spawning requirementz of each species. To thls end the
distributlion of spawners has been plotted by area over the
entire stream length with notations as to the general
characteristics of the preferred spawning areas and the
location of non-productive areaé, Depth and velocity
measurements and gravel samples for size composltion have
also been obtained from some of the preferred areas.

The wetted areas corresponding to discharges of
33, 110, and 230 cfs have been classified under several
categories in an attempt to develop a workable relationship -
between discharge and the optimum rearing conditions for

juvenile coho salmon and steelhead trout. Five sampling
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gtations located at intervals along the river, provide
information on growth rate and abundance of rearing specles,
and a basis for comparing the productivity of the different
gections of the river. |

The blological investigations outlined briefly in
the foregoing will be continued in future in order that
the information so obtained can be applied wilith confidence
to realize the ultimate goal of the Big Qualilcum project;
which 19 Yo lncrease its annual'éalmon produc tion to the
level ﬁhefe it is comparable'in slze to the 1argest
recorded under natural conditions. Tt is also oxpected
that these investigations will contriﬁute incidental
information which will be mostbuseful in the field of

research.

2.L.12 Lowe Inlet |

Lowe Tnlet, a small indentation in the shoreline
of Grenville.Channel some 65 miles south‘of7Prinoe Rupert,
receives the outflow from a small multi-lake system which
gupports an iﬁportant gtock of sockeye salmon. TLowe Lake,
‘the lowermost in the system, is fed from the northwest by
Simpson Creek whioch drains Siﬂpson Lake; and from the east
by Weare Creek, which dralns Weare Lake, which, In turn,
drains Gamble Lake\via Kumowdah River. Obstructions'td
galmon migration have bheen reported>at the sntrance- to the
sysfem4and on each of the sﬁreams which interconnect the

various lakes; the former being passable at some water
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stages, whereas all of the latter are considered to be
virtually impassable at all stages.

Durine the period 1955-61 this Branch has under-
taken engineering and bilological studles of the system
looking to determining whether of not it would be
economically feaaible to alleviate fish passage at some ,

or all, of these obstructions. At present, only Lowe Lake

is utilized by sockeye for rearing purposes, 'and its average

adult return since 193l has been in the order of 6,000
sockeye, The studles to date have indicﬁted, however,ﬂthat
this represents only 30 percent‘of the lake'a productive |
capaclty and that the esbtimated full potential of 21,000
adul ts could.be realiéed~by an expenditnre of approximately
$250,000 to alleviate the‘access'problema’ Furth@rmoré it
hds been egtimated that an exﬁenditure of $1,000 to improve‘
access to Simpson Lake would provide accommodation for an
additional 6,000 soék@ye; while removal of the obstructlons
to Weare and Gamble Lakés at estimat@d costs'of $250,000

each would provide accommodation for 21,000 and 75,000

" gockeye salmon, regpectively.

No firm recommendatlions have yet been advanced
in connection with the results of these studies but it
would appear that develobment work td creatt improvéd
acceés to Towe and Simpson Lakes might he a-worthwhile
undertaking in view of their more favourable cost-benefit

ratios. It would however be contingent upon the ogtablishment
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of an anadromous rece of sockeye by artificial methods.

2.11,13 Jobnstone Stralt Chum Salmon Tagging Program

A chum galmon tagging program was conducted in
‘southern Johnstone Stralt in 1942, for the purpose of
further defining the time of passage of the individual
atooks destined to streams located in and south of Area 13.
Knowledge of their time of passage and théir rate of
exploitatiéh in the fighery was necessary for an assessment
of the fisheries development program now underway on the
Big Qualicum River. Furthermore this information provides
valuable background for management of the stocks migrating
through this area. The tagging operation, which employed
e chartered drum seiner, extended throughouﬁ the period of
September 20 to November 16, with a cessation of operations
on the day before and the day after the Johnétone Stralt
commercial net fishery. The Petersen dilsc tag, employing
various combinations of colours and shapes of baffles,
was used in order that records of approxlmate tagsing dates
could be obtained without recapturing the fish, Tag
‘recovery from the commercial fishery was facilitated
thrbﬁgh the use of tag return envelopés distributed by the
Protection Branch and by pefsonal contact with the
fishermen. Tag recovery from streams was accomplished by
Departmental field crews located in the Big Qualicum,
Cheakamus, and Traser Rivers, supplemented by additional.

special crews from this Branch and the fleld officers of
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the Protection Branch, Tn 3l major and minor chum salmon
gtreams a "pltch'" of the dead was made in order to obtain
tagged—to~untagged_ratios.for population enumeration.

During the season, 3,413 chum salmon were tagged
and to date L9l ha#e been recovered in the commercial
flsheries, 314 in stream waters, and 12 in test-fishing
operations, for a total of 820. This representa a 2l per
cent recovery. .

Preliminary analysis of the 1962 results shows
that there was an intermingling of chum galmon stocks in
lower Johnstone Stralt. This ls evidenced by the'fact that
tags applied during the latter part of September and the
firat half of October were recovered in the Frager River
tributaries, and in non-~lake and small-lake systems such
as Bonell Creek, Chemainus River, and Wanaimo River on
Vancouver Island; while those applied during the perilod
from mid~00tdber to November 15 were recovered in the Fraser
River tributaries, in the Puntledge, Big Qualicum, Cowlchan
and other lake-fed rivers on Vancouver Island, and in the
Cheakamus and Squamish Rivers on the mainland. The majority
6f recoveries frdm the Big Qualicum stemmed from the early
November tagging.

An analysis of the data 18 beilng made in an
effort to obtain én indlication of the size of the chum
salmon populations and the rétes of exploltation by the

fighery.
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3. APPLIED RESEARCH

3.1 COHO FRY REARING EXPERIMENTS

The lack of information on the freshwater rearing
requirements of coho salmon is a serious disadvantage when
assessing residual flows and other fisheries problems
aggoclated with hydroelectric projects. In addition, a
knowledge of the dynamics of coho smolt production is
degirable 1f development work designed to malntain and
increase stocks of this species 1s contemplated., With the
completion of the Robertson Creek experimental channels in
1961, this Branch initiated an applied research program
degigned to provide some of the ecologlcal information
required for understanding the dynamics of coho smolt
prodﬁction.

Information of this kind is usually obtained from
a long serles of observations of a natural stream according
to some definite plan. Changes which occur can then be
explained on the basis of correlations among the. quantities
measured and on known principles of biology, physics and
chemigtry. Since so many factors very together in the
natural environment, it is often difficult to collect
enough data to permit the thorough statistical analysis
that is needed for separating the effects of the factors.
However, the experimental control offered by the rearing
channels at Robertson Creek provide a méans by which the

effects of environmental ochanges on coho smolt production
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can be more accurately evaluated.

In 1961, the physical facilities of the rearing
channels were tested and information was gathered on the
practical problems involved‘in utilizing the channels for
long-term rearing experiments. TIn the gpring of 1962,
formal testing began on the effects of three depth-velocitby
situations on coho amolt production. Final results are not
yet avallable since the main part of these experiments are
gtill in progress, hence the following report provides a
desoribtion of the methods used and the pertinent informa-
tion available from observations to date.

The experimental rearing area consists'of four
parallel channels 200 feet long and 20 feet wide, sach with
individual inlet and outlet works enabling independent
hydraulic control for each channel. Channel No. 1 is
deslgned to provide shallow depth, in the range of lj-12
incheg; channel Nos. 2 and 3 are designed to carry a normal
depth of 18 inches; while channel No. li hag a normal water
depth of 31-9™,

Bach of the four ohannelé 1s divided longitudinally
by a centre wall, forming two sub-channels 200 feet long by
10 feet wide. Tach sub-channel 19 screened at the upstream
end to prevent extraneous fish from enteririz the channel and
inclined screens at the downstream ends allow for the
enumeration of emigrants. The aubstrate in all chamnels 1is

composed of the standard spawning gravel used in the Robertson
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Creek channel which ig between 3/l and )| inches in
dlameter.

Both 1ong~ﬁemn and gshort-term experiments were
initiated in 1962 to assess some of the physical factors
affecting coho rearing. The long-term @xperiment, which
ig designed to show which of three depth-velocity situatlons
ig most conducive to coho smolt production, will not be
concluded until the smolts have left the channels in the
gpring of 1963, The short-temm experiments, carried out in
one of the channels set aglde for this purpose, provided
information on the practical stocking densities for the
long-term experiments and examined some of the factors
regulating the initial holding capacity of the channels.

A. Long-term Experiment

Equal inflows of 10 cfs to each of three
experimental channels created the followlng depth~
velocity'oonditiona.

(1) A riffle condition

H

depth, 0.5 feot

velocity, 1.2 feelt per second

H

(2) An intermediate condition

H

depth, 1.3 feet

H

veloclty, 0.5 feet per second

(3) A pool condition

depth, 3.9 feet

H

veloclty, less than 0,1 feet per second
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Tach chamnel was divided into two parallel
gub-~channels enabling duplicate tests to be made
on each depth-veloclty condition., The ghallow
awift channel was desipnated as channel 1, the
intermediate channel as channel 3 and the deep
glow channel as channel l.. Channel 2 was utilized
for ghort-term tests. The resulbing sub-channels
due to partitioning were deglgnated as left or
right when looking downstream.

The channels were stocked on three occasions
with coho fry obtained from Robertson Creek. These
releases were made in the middle portion of each
gub~chamel, and considerable effort wag made to
keep stocking procedures identlcal for all six
aub-channels. Filgh emigrating from the chammels
within 2l hours after their introduction were
returned to their respective channels. After this
initial adjustment period, all emlgrants were
trapped and counted at the downstream screens and
then held in liveboxes for future experiments.

A1l fish while being held in the liveboxes were
fed a dry commerclal fish-food about four times
per day. DGach channel was stocked with numbers
off fry consldered to be in excess of the holdlng
capacity of the channel. Since identical numbers

were placed 1n each chamel, emigration would
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reflect the holding capaciby of the three depth-
veloclty conditiong under study.

The [Cirst releage of experimental fish into
the rearing channels was made on May 2L and 25,

On May 2, 1,000 coho fry were released into sub-
channels l-left, 3-left, and l~left. The next
day, the procedure was repeated with the right
sub~channela. The one~day delay served asg a check
on the "figsh-tightness" of the centre walls.

Thege flsh (6,000 in total) averaged 3L mm in
loength and 0.68 grams in welght.

The second release was made on June 1, when
250 marked coho fry were introduced into each
sub-channel. These figh (1,500 in total) had a
mean length and weight of 39 mm and 0,55 grams
respectively.

The third and final release of 2,850 coho fry
wag made on June 63 L75 into each sub-channel,
These fish had a mean 1ength of L0 mm and a mean
welght of 0.79 grams.

After release into their respective channels
the coho fry exhibited a definite and almost
immediate upstream migration. Upon reaching the
upstream screens (100 feet from the release point)
the fry held in the immediate area for a period of

from 20 to 30 minutes, after whlch they moved
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downstream in ~roups, sometimes all the way to
the lower end where they stopped and held
position,

Most of the emigration from the channels
occurred within the first day or two after
stocking and after thls initial exodus, the
emigration rate decreased to only one or two fiah
per chaunnel per day. The channel with the preatest
depth and least velocity held the most fish, and
the channel with the least depth and greatest
velocity held the leastb.

The following table ig a summary of the
emlgration from sach channel for a glx-day period
immedlately following the three introductions.
The numbers in the table represent the total
emlgration over the six-day period and the
percentages are the percent that these numbers
repregent of each releagse. Results from the two

gub-channels have been averaged.

Channel 1 Channel 3 Chamsel.l.

Release of 1,000 fry 706 515 361
May 2L and 25 71% 52% 36%
Release of 250 fry 162 88 33
June 1 65% 35% 13%
Release of L75 fry 359 322 332
June 6 71% 68% 70%
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The first two recleases showed that channels
3 and | were holding a larger percentage of
addltional fish than channel 1, but in the third
release all channels showed ahout the‘same
emigration rate and this was interpreted to mean
that the approximate holding capecity of the
various channels had been reached. For this
reason mno more intréduotiona of fry into the long-
term channels will be made for the duration of the
exp@riment}

These data represent the numbers of fry
remaining in the chamnels afbter emigration, but do
not take into account the natural mortality occur-
ring within the rearing channela. The initial
holding capacity of channel Nos. 1, 3 and l. was
approximately 500, 800 and 1,000 fry, respectively.
After the initial emigration surge during the
first two weeks all channels showed a rapid decline
in the population level during the latter part of
July and mogt of August. This has been associated
with rising water temperatures. Dy December, the
holding capacity of channel Wos. 1, 3 and l. was
100, 250 and 600 fry, respectivelys

Proliminary results from studles of bottom
Fauna suggest that although the fry prefer lower

velocity and greater depth, food production is
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higher in the shallow channel, as the fry in the
ghallow channel grow fagter than those in the
other two channels. Tt would appear that some
combination of vools and riffleg would he the
ideal siltuation. Smolt production will not be
known until the epring of 1963 and final analysis
of' the data collected over the course of the
experiment cannot be made untll then.

Short~term Sxperiment

One of the rearing channels designated as
channel No, 2 was utilized for short-term experi-
mente. The depth and velocity conditions in this
channel are approximately the same as those in
channel 3. An inflow of 10 c¢fs into channel No. 2
produces a mean velocity of 0.6 feet per second at
an average depth of 1.3 feetb.

Initial stocking of this channel was carried
out on May 18, to establish the approximate
stocking density for the iongnterm experimental
channels, Purther experimental sltocking was done
to examine fthe behaviour of the [ry upon releagse
under high and low population densities, A
comparison of the initial holding capaclty of
shaded and unshaded channels was made. Hstimates
of the mortallty rate at both high and low
population densities were derlved from data

obtained in short-term experiments. This was done
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by comparing bthe estimated number present in the
.channel, bagsed on emigration and stocking records,
with the actual number pregent determined from
polsoning and counting the entire population.
Results so far from these short-term experiments
guggest the following:

(1) The higher the population density, the greater

the relative number of emlgrants.

—~
PO
~—

Certain individual fry have a tendency to

migrate downstream ilrrespective of the -
poopulation density.

(3) The addition of overhead shade, in the form of

a l-foot overhang supported from the centre

wall 22 Inches above the water surface and

extending the full length of the channel did

not appear to have an aovpreciable effect on

the initial holding capacity.

(I} When emigration was allowed to reduce the )
population level in the channel to its natural -
holding capacity, the mortallty rate over the
period June to September of those fish
remaining in the channel, was about 15 percent
per month.

(5) When the population pressure was increased by
large introductions and re-introductions into .

the channel, the mortality rabte rose to 31 per

cent per month over the veriod July to September,
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3.2 LOUVER GUIDINZ TESTS

The 1962 louver guiding teats were the latest
and probably the last of a series'conducted gince 1960 to
establish if the louver principle would offer a satisfactory
means of screening the intake of the proposéd Stamp River
power development on Vancouver Island near Albernil, B. G,

Among the several difficult fisheries protection
problems posed by the Stamp River development, which was
proposed in 1956 by B, C., Hydro, was the screening of the
2,200 cfa power intake to prevent the entry of downstream
migrant sockeye and coho galmon smolts emigrabting from
Great Gentral Take. Experience in testing the louver
deflector at the Puntledge River near Courtenay, Vancouver
Tsland from 1957 to 1959 indicated the need to test louvers
under the physical conditions and with the species of fish
which would occur at the site for which they are proposed.
Hence, a large experimental test flume was constructed on
Robertson Creek, a secondary outlet of Great Central Lake
where natural migrant sockeye and coho smolts would be
available for testing. The flume wag built during 1959 and
éarly 1960 at a cost of $75,000, and preliminary tests were
conducted during the spring of 1960.

The results of the preliminary 1960 tests merved
as a basig for the design of a thorough testing program
during the 1961 smolt migration. The results of the 1961

tests showed that the louver principle was successful in
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gulding up to 99 percent of the sockeye smolts, and better
than 96 percent of the coho smolts, at Robertson Creek.

The datd ¢learly polnted out that the full gulding potential
could be realized only by providing an adequate bypass.
Under the condlbtions tested in 1961, a bypass width of at
least 18 inches was indicated.

The main objective of the 1962 tests was to
determine the feasibility of the V-type centre bypass shared
by two lines of louvers. This type of bypass, if successful,
would greatly reduce the quantlity of bypass water required
by a prototype louver installation. The apparatus was
designed and constructed to teat the following variables:
bypass width, bypass acceleration, approach velocity and
centre wall position. The accompanying figures show a
diegrammatic plan of the test setup and a photograph of a

test of a V-louver without a centre dividing wall.

Adjustabls width centre bypass
width variable from 6" to 4-4"

500" -
[ 50’ _approx. .
e, ) //’ 7T
- “h‘.ﬁ*“ i R o . .
Filow e e e et nclined plane trap
S - e te /{/ pory et .
“\‘N‘\l Wil ~—Figh collectors
e kb tbded . K
L | ] -~ Sorting and
/ Removabie centre woall | Counting house
| S Joa—

"vee" louver ling

Operating building - E*’

Diagrammatic plan of 1962 louver test ar'rangemento
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During these tests, the velocity of the water entering the
bypass was maintained at 1.3l times the average approach
velocity. The behaviour of the sockeye and coho smolts
exposed to a single louver line only was observed to be
gimilar ﬁo that of previous years. TI% was found that a
centre dividing wall was not required for sockeye and colio
smolta.

Chihook and coho fry migrants, progeny of the.
natural spawning of édults transplanted to the Robertson
Creelk spawning channel in the fall of 1961, provided data
on the guilding success of louvers with these two species.
The efficiencies for coho fry ranged from 15 to 36 percent,
which is much too low for practical gulding purposes.
Uhinook ffy efficienoies rénged frdm 52 to 77 ﬁércGhﬁpand
in 'general tendéd'to substantiéféitﬁéwfesults_of thef,yv
1957-59 Puntledge louver tests. The necessity°of'prd§iding
8 centre wall for successfulxguiding‘of chinook fry with a
V-louver arrangement was indicated. '_

Visual obéervations suggested that coho and’
chinook fry tended to favour the walls of the flume as they
moved downstream. It was felt that if this tendéhcy,was _
exploited, a gain in guiding efflciency might be realigzed.
Therefore, a series of tests for fry were performed using
8 8ingle line louver arrangement guiding to a bypass along
oné wall., This arrangement also provided information on

the guiding success of a 100-foot louver line on chinook
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fry., TUp to this time, only a 50-foot array had been tested.
Below is a gross gummary of the range of guiding efficien-

cles obtalned with the two different louver arrangements.

. 50-foot V~louvers 100=-foot Single Line
Coho fry 15 to 36% 17 to 51%
Chinook fry 52 to 79% 53 to 88%

The 1962 testas with chinook fry were useful in
confirmihg the earlier results with this speocles at the
Punitledge River test flume. There is still considerable
room for improvement in the gulding efficlencies for chinook
fry, and further work In the future appears deairable.

The passive behavioural response of downs tream
displaced coho fry to louvers leads one to suspect that a
louver is moat effective with fish having an active
downatrean migratory urge. However, fﬁrther work on coho
fry is indiocated, parﬁioularly with much higher bypass
accelerations, before the pogsibility of gulding this
specles with louvers is discarded.

| The louver investigations have now advanced bo
the point where sufficlient information exists to enable a
louver system to be designed to screen sockeys and coho
smolts at the proposed Stamp River Development intake. If
and when thesge facllities are desighed, there may be need
for further‘tests to assess any specilal design modifications.,

It appears that no more than one fuprther testing season
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would be required for these speclal bteste if plans for the
development proceed.

In general, 1t appears that future resgearch with
louver gulding should be concerned mainly with testing of
improvements to the bypass., Work of this type would be
egpecially practlcal since the bypass problem ls common to

all types of gulding and soreening devices.

3.3 GREAT CENTRAL LAKE SOCKHEYR BRACH SPAWNTNG STUDIES

Great Central Take 1s sitﬁated at the:headwaters
of the Stamp River, a tributary of the Somass River which
discharges into the head of Alberni Inlet on the sputhweét
coast of Vancouvér Island, Britlsh Columbia. The lake 1s
2l miles long with a maximum width of approximat@ly 1.5 miles.
In November, 1955 the British Columbla Power
Commigsglon presented the Department W th a brief outlining
8 proposed development o? the hydroelectric potential Qf the
Somagss River gystem, Among the compléx of fisherles problems
asgociated with this proposal were the possible effects of
congiderably lncreaged storage levelg in Great Central Lake
bn the gpawning success of the gockeye which apawn predom-
inantly in the lake. Tnitial surveys were directed toward
determining the timing, distribution and retative density
of spawning populatlons. Subsequently, observations of
behaviour together with measurements of the physical

environment were undertaken.,
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Since 1956, the sockeye escapement into Great
}eﬁtral Lake hag been established by fishway counts at the
lake outlet.

In 1956, the sockeye escapement to Great Central
Lake wag the lowest on record. Desplte considerable effort
gpent in patrolling the lakeshore and tributary streams, no
clear indication of the spawning dlstribution was forth-
coming. |

In 1957, approximately 90,000 sockeye entered the
lake through the fishway at the lake exit. One percent of
thls number was observed spawning in streams tributary to
the lake, the remainder were found to be utilizing portions
of the lake periphery. The water is clear and, weather
permitding, visibiliby is good to a depth of 20 feet. Less
than ten percent of the lake spawning population could be
accounted for, deapite repeated visual observations from
boats, helicopter and beach btowers.

Accordingly, professional SCUBA divers were
engaged to exemine selected areas where the incidence of
jumping indicated the presence of numbers of fish beyond
the 1limit of surface observation., Limlted examination
revealed the presence of large numbers of spawning sockeye
utilizing the gravels of submerged alluvial® fans. Rvidence
of redd digging was recorded.at depths in exocess of geventy
fesat. |

As a result of these ohservations, a consulting
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goologist was commissioned to undertake a geologilcal survey

of the beach spawning areas in August, 1958. His report

pregented the following physical description of the

alluvial fans together with a brief outline of the mechanics

of groundwater flow.
"The deltas are typical in all respects (See accompany-
ing dlagram). All have been built on an irregular
surface of bedrock and/or glacial $11) since the last
glaciation about 10,000 years ago, by relatively small
streams which flow across them from drainage basins a
few square miles in extent. Surface gradients and
particle sizes in the fane bullt above lake level have
been influenced not only by the size and gradients of
the streams, but also by the avallability of the-
variousg sizes of detritus. Forestry Camp Creesk (the
‘beach subsequently chosen for study), has the highest
stream gradient and the steepest, coarsest, most

actively~-bullt fan.

topset beds

Diagrammatic sectlion of alluvial fan showing ground water
percolation in homogeneous saturated fans.
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Movemeht of sgtream water beneath the surface of the
fansg 1s self-evident. All the streams examined, with
the exception of Lowry Creek, disappeared beneath the
gravel shortly after reaching their fans, thereby
discharging (at this date) something in the order of
one to four cubic feet per second Into the deltas.

-The rate of subsurface flow ia dependent upon two
factora, viz., the permeability of the gravel and the
glope of the water table. Gravel permeability although
doubtle ss highly variable within any given alluvial
fan, should maintain a near constant value for the
fan as a whole. Thus, the rate of ground water
discharge from the face of the fan is directly
dependent upon the slope of the water table, which
varies directly with the degree of saturation of the
fan. Tan saturation, in turn, is dependent upon the
volume contribution of the assoclated surface stream
and precipitation. It is thore fore possible that
geagongl fluctuations in runoff and precipitation will
be reflected by changes in rate of fan discharge and
thus the rate of wabter exchange awvallable to incubating
egegs burled in the gravel of the fan face.”

In the fall of 1958, a more intensive study of
the physical characteristics of the spawning beaches and the
behaviour of spawning populations was undertaken. The

reaults of the initial surveys indicated that the proposed
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gampling and observations would be confined to depths
aocegslble only to SCUBA-~equipped divers and that the
distributlion and size of the major spawning beaches

predisposed the gselection of a gingle beach for study.

Since the alluvial fansg are geologically similar,
the choice of a "study" beach wag predicated by secondary
considerations. TForestry Camp Beach was chosen because it
supports & sizeable spawning population, and it is readlly
accessible and relatively close to densely populated
Lindsey Beach and the rarely utilized (atypical) delta of
Lowfy Creek.

The subagueous portion of the Forestry Camp
alluvial fan was found, in 1957, to extend 1,300 feet east
and 800 feet west of the oreekvmouths To provide for the
possibility of spawning fish beyond the 70-~foot depth limit
reported in 1957, it was decided that observations should
be sxtended to 100 feet. The average distance from shore-~
line to this depth is 225 feet. These dimensions represent
a total area of 535,000 square feet or about 12.3 acres.

A grid of permanent underwater markers proved indlspensable
>in_guiding the underwater observer and facilitated
recording and plotting information.

In 1958 and 1959, the majorilty of the underwater
sampling and observations were made by profesgional divers.
Since 1960, the underwater work has been assumed by

Departmental employees.
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It 18 generally accepted that sockeye galmon
return to thelr parent stream to spawn. There 1s some
evidence to indlcate that their ability to recognize a
specific freshwater source by means of 1ts chemlcal
congbituents (olfactory perception) plays a significant
role in guilding or attracting them to their home stream.
Initial surveys establlghed that Great Central sockeye
"nome" to several discrete beach spawning areas. Assuming
that olfactory percepltlon enables them to do so, 1t is
reagonable to further assume that cholce of individual
spawning locatlon may be determined by the presence of
groundwater emlgsions and that in a given area gpawning
intensity 1g in direct proportion to the volume of outflow.
To permlt assessment of a possible correlation between
volume of outflow and spawming intensity, in addition to
recording the timing and estimating the size of the
spawning population, perlodic underwater examination of the
study area was undertaken. The number of fish seen, and
their location, behaviour and position in relation to the
lake bottom were recorded. Buspected redd sites were
examined and distinctively marked when eggs were fouﬁd in
the gravel.

The survival of salmon eggs developing in
hatchery troughs or buried in the gravel is contingent upon
their recelving a near—contihuously renewed water supply.

The establishment of a asizeable sockeye beach spawning
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population in Great Central Lake indicates that Incubation
conditions in the gpawning areas are generally satisfactory.
Sampling procedures were directed toward detecting the
pregence of groundwater flow in the areas whers spawning
took place and determining some of lts physical character-
igtics. The apparent origin of Great Central Take alluvial
fan groundwater suggests that i1t may be characterized by a
lower dissolved oxygen and a higher dlssolved salt content
than surrounding lake water and that it may exhibit slight
seasonal veriatlon in temperature compared wlth that
involved in the summer sbtratificatlon within the lake. It
wag bthus evident that conslstent temperature or water
guality differentials between overlying lake water and
guspected grqundwatar would cohfirm the presence of the
latter. Accordingly, palred intragravel and above-gravel
water samples and temperature readings were taken at redd and
non-redd sltes throughout the spawning and incubation period.
The latter were compared with identical measurements taken

at a "non-seepage" ocontrol station consisting of a 5 x 5 x 3~
foot open topped box, buried to a depth of 1.5 feet in the
gpawning area and filled to lake bottom contour with "beach
run" gravel. DLake water temperatures recorded at two-foot
intervals to . a depth of 100 feet were secured regularly.
Gravel samples were taken at a number of redd and non-redd
locations. Measurements of pressure differentials due to

outflowing groundwater were undertaken using a modified
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Wickett-Trehune Mark VIT (lake) standpipe.

A measure of gpawning success (egg retention) was
obtained through examination of spawned-out dead., Survival
of egge naturally deposited in the spawning areas was
aggesged by means of retrievable green or eyed-epgg "basket"
plants, at redd, non-redd and control locabtions. At
various stages of development the baskets were removed from
the gravel. The method of analysis- consleted of a count of
dead egns, live eggs, dead alevins, live alevins and
agssoolated macrofauna. DLvidence of predation and scavenging
was also recorded. "Standard" eyed-egg plants were planted,
removed and analyzed ag described above.

In the event that the natural spawning beaches
would be rendered unsuitable by the proposed increase in
lake storape, perpetuation of the existing beach gpawning
populations would be contingent upon providing sultable
artificial spawning areas. Accordingly an artificial
spawning beach was installed on the study beach prior to
the 1960 sgpawning season. The beach, extending from five
to 50 feet in depth, was located 1n an arca reportedly
utilized by spawning fish. Sgsentially 1t consisted of a
50 x 100~foot grid of perforated plastic pipe overlain by
12 to 18 inches of graded river gravel. Inbtragravel water
was supplied at a rate of 55 gallons per minute (0.0l gal/
aq. £t/min) by pipeline from the stream servicing the
alluvial fan.

In order to assess the effect of eliminatlion of
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groundwater low on the behaviour and spawning success of
the gockeye populabion utlilizing the study beach and provide
addltional information on the effectiveness of the artifi-
clal beach in termg of attraction and spawning success, &
dam was congtructed at the apex of the alluvial fan in 1961,
It incorporated outlet works connected to a pipeline which
aggured passage of all but peak stream flows directly to the
lake shore., Once in operation, the dam and pilpeline
effectively eliminated the malor source of groundwater
gerviolng the natural beach spawning area, The area ls
thereafter referred to as the "modified'" natural besasch.

Coilncldental with dam construction, a number of
holesg were drilled in the alluvial fan between the lake
shore and the fan apex. They extended to a depth well
beyond the existing water table. TFiltted with perforated
two-inch dlameter plpe they provided statlions at which
water table height could be measured, groundwater tempera-
tures recorded and, pending development of suitable
Instrumentation, samples of subsurface water could be
gecured for analysis. Precipltatlon and lake level
recorders were also installed.

To provide a relatively small area devoid of
groundwater flow In which the physical characteriatics could
be effectively measured and upon which spawning behaviour
could be readily obszerved, a larger non-seepage control

"box" (hereafter referred to as a "false beach") was
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ingtalled in a high intensity spawning area on the nearby
Lindsey Creek alluvial fan in 1962. It conaists of a

20 x 20 x 2.5-foot open~-topped PVC plastic "box" buried to
a depth of approximately two feet in the zelected area and
f1lled to lake bottom contour with "on gite" gravel,

The bullk of the Great Central Lake sockeye
gpawning migration commonly enters the lake between late
June and early August. Periodic diving observations 1in
the beach areas during the summer months have egtablished
their bresence in considefabla numbers as early as July 1llth.
Spawning commences in late September, peaks between mid-
October and early November and is nearing completion by
monthts end,

Observations have established that a chronological
succession of filve behaviour activities occurs, dating from-
the firgt appsarance of numbers of spawners in the beach
area to completion of spawning and death. The fish are
firast observed traversing the spawnling area in schools
(cruising). Their movement is directed parallel to the
beach front and a vertieal distance above lake bottom in
‘exgess of 20 feet is usually malntained., By early
September smaller groups are obhserved somewhat aimlessly
above lake bottom. When approached they disperse readily
ag a group or school. Prior to the appearance of spawning

behaviour, the flsh move to within a few feet of bottom,
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reduce the scope of random movements, are more readlly
approached and are lesgs digposed to dgchool when digpersed.
Thelr activity at this tlme has been designated as holding.
actlvity together with evidence and observatlon of redd
consgtruction. Post-spawning activity, apart from redd
defense, occasionally involves more or legs directed, non-
locallized movement (wandering) by indlviduals and small
groups (predomlnantly malesg).

Under natural conditlonsg relative spawning
intensity (number of spawmers per unlt of area) in any
looaliﬁy did not fluctuate wldely from year to year. In a
aingle instance a preferred area in the vieinity of the
ereek mouth was apparently rendered ungultable by an extra-
ordinary deporltion of 8ilt and detritus occasloned by
wilnter freshets, Lake water temperabture and depth do not
appear to Iinfluence redd distribubtlon. Spawning has been
observed to commence simultanecously abt temperatures ranging
from 43° to 58°F and at depths ranging from less than
20 feet to more than 70 feet., Although there are reliable
indications that heavily silted and/or highly mobile gravel
1s avoided by spawning flsh, samplinglindicat@s that gravel
composition, within the range availlable, hag 1ittle
influence upon the cholce of redd slte. The limlts of
gravel slze variabillty are exemplified by two redd site

samples; the flrst containing 11 percent by weight smaller
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than 1/l inch and the second 5l percent by welght smaller
than 1/} inch,

| Following installation of the artificlal beach in
1960, there was & notable incresse in gpawning intensity in
the artificial beach area despite'a 30 percent reduction in
total escapement.

Congtruction of the dam at the fan apex prior to
the 1961 spawning season, coupled with an extended ralnless
period, resulted in a pronounced reduction in waber table
level as indicated by drill hole measurements, The resulte
ant reduction (or‘elimination) of groundwater flow in the
natufai spawnihg‘area was apparently reflected by a notable
departure from previously obgerved holding and spawning
digtribution. Desplte a twofold increase in spawning
escapement, compared with 1960, periodic counts in 1961
indicate a 60 percent reduction in the gpawnlng population
on the "modified" natural beach. This contrashts sharply
with an indlcated fivefold increase in the gspawning
populatlion utilizing the artificial beach.

Although numbers of holding and milling figh had
been consistently observed in the false beach area, no
obgervations of gpawning bebaviour were reported. However,
post-spawning examination of the false beach revealed the
presence of at least five definitive redds containing living
eggs .

Temperature differences between subgravel and



..1'78..

. above~-gravel water at natural redd sites varled between
zero and 20°F., Positive differentials (groundwater cooler
than lake wabter) recorded during spawning and early inocuba-
tion diminished ag the overlying lake watlter progresasively
cooled and groundwater temperatures remained relatively

congtant. Less pronounced negative differentials (ground-
water warmer than lake water) were recorded on several
inshore redds throughout the late gpawning and incubation
period and occasionally at redd sites in the intermediate
depth zone (20 to_uo feet). There was no apparent correla-
tion between groundwater temperature at redd sites and those
recorded simultaneously at nearby drill holes. Subgravel-
above gravel temperature differentlals at the non-zeepage
control box rarely exceeded one degree.

Following spawning in 1961 subgravel.oxygen levels
ranged between 9.7 and 10.2 ppm at redd sites localtied on the
ndtural conbrol beach at Lindsey Oreek, compared with a
»range of .1 to 11.2 ppm at redd sltes on the "modified"
study beach., The average above-gravel (lake water) dissolved
oxygen concentration was 10.8 ppm. Periodic sampling at
redd sites on the modified beach throughout the remainder of
the incubation perlod indicated a progressive increase in
oxygen values to a low of 9.6 and a high of 3.3 ppm.
Subgravel oxygen values Iln the non-seepage control box
ranged between 1.8 and 0.6 ppm.

During the 1962 spawning and early incubation
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perlod a general increase in subgravel oxygen values at
redd sites on the "modified" beach was agaln evident.
Ranging from 1.3 to 8.2 ppm in the early incubation period
they rose to a range of from 2.7 to 11l.) ppm by mid-
incubation.

There is some indlcation that choice of redd site
1s influenced to some extent by aubgravel oxygen values.

In both 1960 and 1961, areas which exhibited low subgravel
oxygen levels prior, or subsequent ﬁovspaWning, were
characterized by light and/or delayed spawning together
with positive indications of protracted digging activity
unaccompanied by egg devosition.

Subgravel oxygen levels in the artificlal b@ach
remained consistently high (10-11 ppm) from the time of
insballation until late 1962 at which time flow was reduced
by LO percent cdue to obatructions in the distribution
gystem. A8 a result, avallable oxygen decreased to 6.4 ppm.

Periodic subgravel wabter samples from the false
beach revealed relatively high oxygen levels (7.9 to 9.8 ppm)
throughout the thres-month spawning and early incubation
period. Subsequently they diminished rapidly to a low of
legs than one part per million,

Preliminary analysis of the data Indicates that a
positive correlation between drill hole measurements
indicating water table helght, and amount of groundwater

movement as indicated by subgravel oxygen levels at redd
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‘gltes is not attalnable at the sampling and monltoring
intenslty applied.

The spawning gravel composition ag determined from
averaging the results of I1 redd and non-redd samples may be

generally described by the following statistics.

Redds - Mean value by weight passing 0.187-inch mesh - 7%

0.75 ~ineh mesh - N17%
2,0 -inch mesh - 80%
Non-Redds - Mean value by welght passing 0.187-inch megh - 22%
0.75 ~inch mesh - 48%
2.0 -inch mesh - 97%

Subgravel-above gravel water quality differentlals
ag indicated by diszolved sollds content were found to be of
equal magnitude at control box and redd sites,

To date standpipe meagurements in areas of SﬂSpeCted
oubtflow have falled to yield consistent results.

Examinatlion of carcasses found on the beach and
retrieved from the lake bottom revealed that 98 percent of
the total egg potentlal was successfully deposited.

Survival of both green and eyed eggs at redd sites
in the study area prlor to groundwater diverslon, and at the
natural beach at Lindsey Creek ranged between-8l and 100 per
cent, There was no apparent correlation between survival
and gravel composition or degree of siltation., Rggs planted

at redd sites in the study area followlng diversion of the
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groundwater source have exhibited survivals ranging from six
to 100 percent. bThe survival of both green and eyed eggs
annually planted in the artificial Dbeach was consistently in
excess of 95 percent prior to 1962 when the flow bhecame
reduced. The indicated survival resulting from a. single
green egg plant 1n 1962 was 60 percent. (reen and eyed egg
plants Iin the false beach resulted in an average survival of
three percent; those placed in the control box suffered
complete mortality. Freliminary analysie indicates that a
reliable correlation exists between gubgravel diséolved
oxyg@nrooncentration and survival, In additlon, the 10wer
limite of oxygeﬁ tolerances at several gtages of development
are indicated, '

The role of invertebrate predators in decreasing
the potential survival of eggs buried in the gravel is
difficult to asgess. Careful examination of baﬂket'plant
contents has provided considerable evidence of dead egg
consumption (scavenging), and a single record of active
predation, by free living flatworms. Insect larvae are much

legs numerousy no evidence of predation and few indications

of gcavenging are on record.

3.l BLECTRONIC FISH-COUNTER

In 1962, the Departmentts Maritimes Ares enlisted
the services of this Branch in the design and installation
of an electronic fish-counter for the enumeration of the

Atlantic Salmon, Shad, Gaspereau and Speckled Trout which
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utilize the upstream-migrant facilities at the Beechwood
hydroelectric development on the Saint John River in New
Brunswick. The development of a suitable device wag
severely hindered by the excessgive turbidity of the river
and the fact that only the four lsast numeroﬁa of the mbre
than 20 specles of fish utilizing the system were to be
counted; but these problems were largely overcome by an
arrangement consisting of a camera unit and an eléctronic
counter which was capable of photographing every fish, or
every '"nth" Ffilgh, passing through a counting tunnel.

The Department had not previously employed an
electronic counter for the purposes of a biologlcal investi-
gation and when it was found that suitable instruments were
not available on the commercial market, two model "Y"
counters, which formed-the nucleus of the ultimate installa-
tlon at Beechwood, were borrowed from the Seabttle office of
the U. 8. Bureau of Commercial Fisheries. A Vancouver
bconsulting engineering firm was commissloned to design and
construct two camera~control unlts each of which is
designed to trigger a camera and electronic flash each time
a fish ascends through the counting tunnel. Two submergsible
photo-counting units, employing 35 mm Shackman MK3 Auto
cameras, were designed to photograph a side wliew of the
entire fish as 1t 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 bturbidity
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of the river was such that good~quallty photopraphy was not
posgible at this range, a water-tight funnel, filled with
clear water, was installed between the camera and the exit
from the counting tunnel.

Under the supervision of an englneer from this
Branch these counting units were installed at the Beechwood
gite in mid-June. Screened leads, erected in the six-FLoot
wide fishway, guided the upstream migrants to the counting
tunnels, which were located along with the camera units,
at a depth of 12 feet when in operating position.

BEach camera had a 300-frame film magazine, which
provided adequate capacity for an entire day's operation.
It wag arranged therefore that the complete counting unit
would be holsted out of the fishway each day in order to
recharge the film magazines and perform any other necegsary
gervicing of the equipment. After processing, the exposed
f1ilms were projected onto a scoreen for identification and
enumeration of the individual fish ascending through the
gtructure. After the gear had been thoroughly tested an
operational procedure was developed before the Maritimes
Area staff agsumed responsibility for the operation of the
counters.

As with all new devices, several unforeseeable
problems arose in comection with the operation of the
Beechwood counters in 1962, The most noteworthy of these

were:
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(1) The lamprey tend to rest in the tunnel for
long periods of time, thereby rendering the
counter inoperative. In the light of further
gtudy, however, it is now consldered that thils
problem can be solved by a shock relay system
which would be activated at predetermined
intervals by an imbalaence of the tunnel bridge.

(2) The large numbers of elvers migrating upstreanm
had a tendency to travel close to the sides of
the tunnel where the electrical fileld is
stronger, and it was difficult to tune them
out without lowering the mid-tunnel sensitivity
to an undeslirable level. It 1s now thought
that thls problem can be overcome in future by
the creation of a transverse field in place of
the longitudinal field employed in 1962,

(3) Certain of the electrical components, particu-
larly cable comnections, proved to be unsuibable
for the continuous submergence. Lfforts are
being made to develop sultable replacements for
these.

While the principles of the photographic technique
employed in the Beechwood counter operation liave been known
for a number of years, it consistutes the first known appli-~
cation of these principles. Operation of this counter in

1962 has clearly shown that 1t can be employed as a ugeful
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- tool in biological investigatlons, and there is no doubt
that the wealth of experience so gained will result in the

development of more refined devices in future.

3.5 I'I3H PASSAGE THROUGH HXﬁRAULIC TURBINES

The subject of lah passage through hydraulic
turbines was thoroughly reviewed by the Branch durilng 1962.
While there 18 no pressing need for solutlons bto the problem
of fish mortality in bturbines, the long-term outlook
dictates the propriety of obtaining further knowledge of the
problem and of keeping abreast of similar research bheinhg
conduc ted elsewhere in the world.

There are three types of situations where further
knowledge of the problem of fish passage through hydraulic
turbines has application. First is the case where the fish
mortality at an exlsting hydroelectric plant may be minimized
by modifying turbine operating practices (e.g. Seton Creek,
Whitehorse Raplds, Puntledge River, Toblque and Beechwood).
Second is where total soreening of a large power intake is
economically and technically infeasible, and 1f the project
wéntvahead desplte the fisheries problem, a turblne design
to minimize fish losses could be used (e.g. Grand Canyon
site on upper Fraser, Moricetown Falls on the Bulkley,
propoged Salnt John River sites). The third situation is
where screening at ﬁ proposed power Iintake 18 posgsible, bub
it may be far more economlcal to Iinstall a turbine especially

designed to safeguard fish at least ag effectively as a
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gereen (e.g, provozed Stamp River plant).

The need for a report to review the field of figh
pasgage through turbilnes has been felt for some time. In
early 1962, Engineer K. C, Lucas of thils Branch prepared a

raper entltled The mortality to fish pasging through hydraulic

turbines as related to cavitation and perlormance character-

latics, pressure change, negabive pressure and other factors,

This report was written to conform to the form and gize
gtipulated by the Internatlional Assoclation for Hydraullc
Research who were sponsorsg of a Symposium on Cavitation and
Hydraulic Machinery to be held In Sendal, Japan in September,

1962. A gynopals of the report followsa:

"The importance of providing for safe passage of young
downgtream migrant fish past proposed hydro-slectric
power instaellatlions, particularly in the case of salmon
in North America, ls emphasized., The rate of mortallty
- for varlious speclesg and sizes of salmon at hydro-eleotric
plants in North America on which [iegh mortality test
information 18 avallable 1s presented, along with
pertinent observations. The physical characteristics of
the plants and hydraulic turbines (both Francis and
Kaplan) which have been subject to fish mortality btests
have been tabulated and include dabta on most of the
factors which are belleved to influence flsh mortalibty
gsuch asg cavitation (as indicated by plant signma,

gpecific speed and gpeed ratio), minilmum blade clearances,
pressure differentials, etc. Results of studles of the
effect of pressure change, sub-atmospheric pressure,
cavitatlion, impact and abrasion on fish are reviewed.
Results of model hydraullic turbine tests, which indicate
savitation, apeed and clearances as ilmportant factors
gaverning fish survival, are also reviewed. The possgi-
bility of the design of turblnes to reduce figh mortality
18 discussed, partlecularly with reference to cavitation
elimination. In evaluabting the economlcs of a change in
the design of turbines to provide for safe fish passage,
the importance of including the cost of alternative fish
soreening works is stressed."
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The Sendal Symposium wag the 2nd blennial meeting
of the TAHR's Committee on Hydraulic Machinery, Hquipment
and Cavitation. This committee represents most of the
organizations and laboratories throughout the world which
are engaged in the field of hydraulic research related to
turbo-mashinery. Thus the Sendal meeting was an i1deal place
to present a review of the problem of fish pagsage through
burbines and to suggest bthe congideration of a program of
hydraulic research aimed at establishing design criterisa
for turbines which would provide optimum fish passage.

The paper was accepted by the TAHR and the Depart-
ment sent the suthor to Japan to participate in the Symposium,
The presentation was well received and generated considefable
disoussion. The paper, together with the discussion and
authiorts olosure will be publighed in the Proceedlngs of the
Sendal Symposium, pregumably early in 1963.

Liaison was continued during the year with the
U, 9. Army Corps of Englneers! program of study dn fiah
passage through tufbin@so Mield tests conducted by the Oorps
at Shasta Dam in November, 1962 were inspected by a senlor
ehgineer of this Branch and a detailed report was produced
(unpublighed mimeographed report).

' Tt 18 likely that the applied resegrch seotion of
this Branch will in the near future implement a program to
gtudy certain factors affecting fish mortality in hydraulic

turbines. This work would be designed to complement studies
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- taking place elsewhere and at the game time would be almed

at future problems which might arise within the Pacific Area.

. SATLMON MANAGEMENT

In the fall of 1960, this Branch was glven a
speclfic asalgmment in the field of salmon managememﬁ when
1t was requested to conduct a study of the_ohum salmon
stooksvof‘the Praser River to debermine the factors respons-
ible for thelr apparent decline, and to provide information
pertinent to management of the stoocke through regulation of
the flsghery. This investization, which was initiated in
1960, is atill in progress.

The activitles of the Branch in the management
field were expanded in the spring of.1961, when a Salmon
Management Committee, conglsting of several senlor Depaft~
mental stafl members, including the Chief Blologlst, was‘
formed by the Diresctor, Paclific Area. Under the general
direction of this committee one biologist‘from the Branch
wag assipgned to conduct studies relating to salmon manage-
menty the first gpecl fic agslpmment being that of analyzing
the avallable data concerning the chum salmon catoh and
escapement for the Johnatone Stralt - Gulf of Georgla -
Fraser River area, where the total étook had declined by
1960 to only a Fraction of the pre-1955 level desplte the
imposiltion of severe restrictions on the commercial [ishery.

The contribution of the Branch in 1961 to the Johnstone
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- Strait area included an analysis of avallable chum salmon
cateh and escapement data and subsequent preparation of a
report describing that initlal analysis. Moreover, in 1961
this Branch, for the first time participated in the regular
Departmental field meetings which are held throughout the
geason to discusg the current status of the salmon gtocks
pagssing through the Johnstone Stralt area.

In 1962, the analysls of chum zalmon data was
continued, and comparable studles were initisated in connec-
tlion with the pink salmon stocks indigenous to the area.

Prior to the commencement of the commercilal
fishing season in 1962 the salmon management group of the
Branch establighed an operations centre in the headquarters
office which was maintalned throughout the seagon to present
an agcurate day-by-day plcture of the commercial salmon
catoheg in every fishery operating on the British Columbla
coast, Thig centre is now known officially as the "Operations
Room".

In addition to the direct salmon manapgement
actlvities outlined above, other investigations being
uﬁdertaken by the Pranch are contributing to this fleld
indirectly. TFor example, the studles currently in progress
at Owikeno Take (See Section 2.l..3, Page 119}, contribute
the type of data which ls of material assistance in the
management of the stock. The moat finlte measure being

recorded at this time 1s the relative annual slze of sockeys



«190w

smolt production but the long~term alm of the investigation
is one of obbtalning a better understanding of the general
dynamiocs of sockeye production of the system. In 1ts present
phasge, the investlgation is being directed toward juvenile
gockeye and limnological studies and has yet to be expanded

to inoclude a full-~sgcale adult assezsment.

.1 FRASHR RIVER CHUM SALMON INVESTIGATION

The 1960 adult program conslsted of:

(1) a purge-seine operation in the esbuary to capture
ahﬁma for tagglng. Subsequent recapbture of
these tags would Indicate the time of passage
through the filahery area and would provide
evidence of‘delay and concentration in the
egtuary.

(2) a beach~seine operation in the vieinity of Glen
Valley Bar located near the upstream limit of
the commercial fishery. Recovery of tags applied
at this location would (a) in conjunction with
dead recovery on the spawning grounds provide
the basls for the calculation of a total Fraser
River system esgcapementy (b) define more clogely
the time of passage of individual raceg through
the flshing area; (¢) indicate rate of movement

from the tagging site to arrival on the various
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spawning grounds; and (d) perhaps indicate the
relative dally abundance of chum salmon bthrough-
out the season.

(3) tagging and recovery programs on thé known major
spawning areas. Tagging and recovery propgrams
were conducted on the Chehalls, Harrison, and
Vedder Rivers to provide the basie for calcula-
tion of escapements to each of the individual
gtreams.

With the exceptlion of the estuarial purse-
seinihg which proved imprastical, the basic program
wag repeated in 1961 and again in 1962, In 1961,
teat-Tlahing by glllnet was introduced at two
locations, (a) Pinn Drift near Bteveston, to provide
an early idndication of the magnitude of the run
éntering the river, and (b) Yankee Drift near Mission
to oorfaborate the value of the Glen Valley seine
catches as a dally index of abu’ndance°

In 1962, the Yankee Drift tegt-fishing was
discontinued and gilinet test-fishing was conducted
In the estuary area as well as abt Finn Drift. The
remainder of the program was conducted as originally
esatablished in 1960.

In the spring of 1961, a program was designed
in conjunction with the International Pacific Salmon

Plsheries Commigsion to develop esquipment suitable
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for sampling downstream migrant fry at Mission. A
mobile L' x L' inclined~plane trap and a vertical
gampler, capable of fishing to a depth of twelve
feet, wore designed and the sampling results were
compared with bthose of stationary equipment of a
gimilar nature operated during 1961.

In 1962, the mobile gear was operated through-
out the migration period, and catches so obtalned
were used.for the calculatlon of an index of the
total Try oubtput.

Resulty
(1) Magnitude and distribution of‘the adult escape-
ments.

The following table summarizes the caloulated
escapements to the total Fraser River system and
to the individual gpawning areas for the years
1960 and 1961l. Flgures given for 1962 are
preliminary only, and as such are subject to

ad justment after complete analysis.

Total System Chehalis Harrison Vedden Minob Trlib. Fraser R.

Year Eacapement River River River Streams Mainstem
1960 253,780 17,685 51,805 72,249 18,280 93,711
1961 16L.,155 18,159 20,702 L6,593 22,239 56,1162
1962 215,000 15,000 55,000. 50,000 20,000 75,000

The total system escapements were calculated

onn the bagls of dead counts conducted on all
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spawning grounds and the recovery of Glen Valley
tags; the escapements to the Chehalis, Harrison,
and Vedder Rilvers were calculated from tagging and
recovery programs conduc bed in each area; the

minor tributary gtroams total was the sum of
escapements to all other streams as estimated by
vigual llve and dead counts; and the Fraser River
mainstem escapements were calculated by subtracting
the sum of all tributary escapements from the

botal system escapement,

Tt 1s apparent ffom the calculated escapements
listed in the above table that the Fraser River
malnstem escapement, the magnitude of which had
not been reported upon until 1960, hasg during the
gtudy years been the largest single stock in the
gystem,

Timing of Migration

The time of passage of the individual spawning
egcapements of Glen Valley in 1960 wag egtablished
by tag recovery and dead counts. The escapements
were grouped into three arbiltrary cetegories:

(a) early run, consisting mainly of Chehalils River,
Weaver Creelk, Jones.Creek figh. Thig segment
demonstrates a migration peak at Glen Valley in

late September; (b) middle run, comsisting primarily

of mainstem figh, some Vedder and Harrlison River
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flgh, and most of the fish bound for minor
tributary streama. The migration of these runs
peaks at Glen Valley in labe October: (c) late
run, consigting primarily of the Harrison and
Vedder River escapements which peak at Glen
Valley in early December.

A comparigon of the timing of these three
groups in 1960 and 1961 1 presented in Fipure 1.
Tt 19 apparent that some varlatlon in timing
existed at Glen Valley, but the chronology of the
rung on the spawning grounds remalned identical
in all three study years.

The Condltion of the Stock

The Fraser River chum salmon stock 1ls of
primary importance not only to the Arvea 29
commercial flshery but also to the fisheries
located in Johnstone Stralt and in the Stralt of
Georgla. The total stock entering the Johnstone
Stralt area and proceeding southward to include
the Fraser River, has declined from the 1954 high
of 11,300,000 to a low of 900,000 in 1961.

From the information on digtribution, timing
and magnltude of escapement obtained by the 1960
Fraser River study, and in conjunction with
extensive analyses conducted on past catch,

eascapement and timing data in both Area 29 and in
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the Johnstone Streit area, the following major
hypothesis was developed: that a previously
unrecorded maingstem Fraser River chum salmon
population has formed, untll recently, the main
foundation for both the Johnstone Strailt and
Frager River chum asalmon filsheries and that this
gtock has been reduced to an extremely low level
by commercial exploltation.

The hypothesls was developed on the following
pointa:
(a) The Fraser River ocommercial catch of chum
salmon hag ranged between 6,137 and 551,509
pleces during the perlod 1951 to 1961 and as late
a® 1959 the catch totalled 233,290. According to
the tagging conducted by the Fiéheries Research
Board in 1953, a total of 667,000 chum salmon,
or Ll percent of the entire stock entering the
Johnstone Stralt area, consisted of Fraser River-
bound fish. 1In additlon, 376,000 chum were caught
that year in Area 29, for a total contributlon to
the fishery in 1953 of 993,000 chum salmon. The
highest recorded Fraser Rlver escapement for the
period 1942-61 inclugive occurred-in 1950 and
totalled 201,660. The reported chum salmon
escapement, congisting of tribubtary spawning only,

could not solely have provided the contribution
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to the flghery that was attributed to the I'raser
"Rlver stock.

(b) The major commerclial catches of chums in the
Fraser River arve made during the latter part of
October and in the early part of Novemher. The
Atiming of the knovm major tributary stocks through
the Traser River fishing area, as determined by
the tagping conducted at Glen Valley in 1960
tends to be earlier (Chehalis) or later (Vedder=
Chilliwaek and Harrison) than the period of
maximum catohes,

(¢) The peak catches made in Johnztone Stralt
during the pre-1955 period occurred in late
September and early October. The timing informe-
tion avallable at this time indicated that the
only ma jor stocks present in gtrength during that
period were those of Areas 17 and of the Fraser
River. Once again, the timing of the known ma jor
Pragser River stocks in Johnstone Stralt should be
earlier or later than this and the size of the
catches would require a contribution greater than
that possible from Area 17 and the early segments
of the other stocks.

(d) Tollowing 195, flshing time was reduced In
Area 29 to compensate for lower stock size, but

the reduction tended to favour =ztocks migrating



=197

in late November and early December. The escape-
ment level of minor tributary stocks which
exhiblt timing similar to that calculated for

the mainstem population (i.e., the last three

weeks of October and first week of November) has
been differentially reduced; by association it
could be agsumed that the mainstem stock has

also been gimilarly affected.

Ag a result of these combined studies, i1t
wag concluded that the mainstem stock of the
Fraser River has been the foundation of the
Johnstone Stralt-Area 29 chum salmon fishery and
that rehabillitation of this particular stock ig
the ma jor key to the rehabllitation of the entire
fighery.

In order to initliate this rehabilitation,
the 1961 fishihg pattern for Area 29 was desipgned
to provide full protectlion during the migration
time of the mainstem stbock, and to permit exploita-
tion of the relatively astrong later-migrating
gtocks. TIn additlon, the over-all exploitation
of chums in the Johnstone Stralt area was reduced
to one of the lowest levels recorded in the last
decade.

The results obtalned by adjusting the Area

29 fishing pattern in the above-described manner
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are lisgted in the following table. In terms of
porcentage, the exploitation of the mainsgtem
gtock was reduced in 1961 by almost hal f from

that of 1960. The total return of chum salmon

to the Johnstone Strailt-Traser River area in 1961,
however, wag lower than that of 1960, and in

terms of actual numbers the escapements to all
major Frager Rlver spawning areas were agaln
reduced; this 1in gplte of the severe restrlctions
Imposed not only on the Area 29 fishery but also

onn the Johnstone Stralt fishery.

Commercial 1961 1961. 1961 Percent 1960 Percent
Run Open period Jateh [scapement Exploitation Exploitation
Farly Sept. Total) 9,704 18,159 3L.8 37.8
(‘.)cto 3"'?..“ )
Middle Oct, 16~17 .,077 78,701 17.9 30.5
Late Nov., 21-23 ) 22,356 67,295 2lL.9 6.1
D@O * 5"'7 )
Total 46,137 164,155 21.9 2L.1

The general fishing pattern established in 1961
wag repeated in 1942, Restrictions more stringent
than those of 1961 were imposed on the Johnstone
Strait fishery in late September 'when 1t becams
evlident that the early and middle segments of the
sbock were returning at an extremely low level,

and fishing was not permitted in Area 29 during the
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period that the peak of the middle run migrated
through the fishery area. Preliminary analysis
of the resultbts of the 1962 gtudy indicates that
the 1962 reculation of the fishery was succegaful
In increasineg the malngstem escapement over that
of 1961 deaplte the small total return, Escape-
ments to the labte areas (Harrison and Vedder)

also appearsd adequate,

Moblle gampling equlioment developed in 1961
by the Figh Culture Nevelopment Branch in
oonjunction with the International Paciflc Salmon
Figheries Commlggion wag used in 1962 at Misslon
Bridome to sample downstream migrants. Mobile
equlpment was necessanry as‘the tidal eoffect at
Misaion was sufficient to render the shandard
stationary sempling sear inefficlent.

The 1961 proagram established the peak period
of dally chum fry migration as occurring between
0590 and 1300 hours. Tn 1962 thils neriod was
congldered ag the standard dally shift during
which the mobile It x It inclined-plane trap was
flghed. Tn addition, two 2li~hour periods of
fighing per week Incorporating a mobile vertical

gampling unit were introduced to assess seazonal

changes in diurnal periodicity and vertical
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distribution.
The results of the 1962 program were ag
Tollowss

(a) During the early part of the season's

- migration, olght percent of the chum Iry

travelled past the sampling site during the
slght-hour period 0500 to 1300. By the end of
the migration, this had increased to 85 percent,

(b) During the early part of the migration

- 95 percent of the chum fry travelling in the top

twelve feet of waber travelled.in the surface to
three~foot depthy by the end of the season, this
percentage had decreaged to 75 percent. The

ma jority of the fry travelled in the top twelve
feot of water, as evidenced by the distribution
by wstation ghown in Filgure 2. Tt seems valid %o
aggume from the vertical distributlon in the
surface twelve feet of waber (Tigure 2) that the
percentage of fish travelling beneath the vertical
gampling unlt was small.

(¢) The calculated number of seaward migrant chum.

fry in 1962 as measured at Mlassion Bridge totalled

N T

The most imporitant result of the studies to
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date 1g the conclualon that the Fraser Rlver
mainstem spawning population is the major
contributor to the Johnstone Stralt-Area 29
commerclal fishery, and that this stock has been
reduced to an extremely low level In recent years.
The escapement ranpge of 50~100,000 calculated in
the three years of study muet be greatly 1ncregsed

1£ full rehablllitation of gstock 18 to betaohi@ved.

.2 JOHNSTONI STRATT

Following 195l and conbtinuing until the present
time, the total chum salmon stock returning to the
Johnstone StraitmG@orgia Strait-Tragser River region has
been declining. Prior to the 1961 gseason, an analysis

of avallable catech and escapement data bn the chum galmon
atocks entering and passing through Johnstone Stralt was
conducted in an attempt to assess from the exlsting data,
the condition of the stocks which originate south of the
northern tip of Vancouver Tsgland (oompriaing commercial
fishing Areas 12-18 and 28 and 29, Tigure 3), and also

to determine the effect of present exploitation on those
gtocks . On completion of this firsfmyaar analysis, a
report wag prepared in which a number of- factors affecting
the gtatus of the stocks were described and in which
recommendations regarding the 1961 fishing patbtern were

proposed.
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Prior to the 1962 season, analysis of the catch
and escapement data of thig study area was contlinued in
order to further descrlibe the status of the chum salmon
stocka; to analyze additionally, the status of pink
galmon gtocks returning to the study area; to summarize
the effectas of recent regulations on those stocks and to
pregent calculabtlonsg on the anticipated size of the pink
and chum stocks returning to the area in 1962,

A degcription of the results obtained from the
analyses conducted to date 1s presented in the following
gummary. For the purpose of analysls, the nine commercial
fishing areas referred to above have been grouped Into a
glngle unit for calculation of total stook, tobal explolta~
tion and age compoesitlon., The catch figures used are
those prepared by the lconomlcs Branch of thle Department;
the escapement figures have been obtained by summing the
median of the range submitted for each stream Iin the
annual spawning ground reports of the officers of the
Protection Branch., The latter flgures, baged on visual
gurveys, have recognized limlts of accuracy but are
congidered a relatlve measure of annual escapement.

CHUYM SALMON

Statug of Stocks

Catch and egcapement data for this study area are
fairly limited in that the present system of catch

atatistic collectlion was only initlated in 1951 and
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spawning reports for the area are not complete prior to
1950, Cateh ficures have been reconstructed from other
gtatistics available for the area, however, dating back
to 1930. These figures, shown graphleally in Plgure l,
illustrate that in 1955, following several years of high
production, the stock as represented in this instance by
total study area cateh, declined to a low level in 1955
and that 1t has not demonsgtrated a significant recovery
gince that time. The pattern described 1s not unique

to this partlcular area but in fact extends not only %o
the British Columbia coastwise condition described in
Pigure | but also to the stocks of southeastern Alaska.

Reasgon for Decline

The reason, which emerges from the analysis, for
the decline of the total study area stock leg comprised
of a number of factors, all of which can be associated
with local conditions.

In order to measure the over-gll
survival of the total chum salmon stock
indigenous to the area, a ratlo of returning
adults per unit of brood escapement has been
calculated for the years 1953 to 1961
inclusgive. Thig measure indicates as
pregented below, that the over-all survival

rate dropped drastically during the three
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years [ollowing 195h, rose again in 1958 and
1959, then dropped to the lowest recorded

ratio in 1961.

| Return/unit Return/unit
Year gcapement Yoar KEscapement
1953 2.8:1 1958 2.0111
1954 2.9:1 1959 2.0:1
1955 L.1:1 1960 1.7:1
1956 1.1:1 1961 .81l
1957 1.5:1

Although the survival rates in 1958 and
1959 were high, the stocks were the progeny
of the lean 1955-57 period and the return in
terms of numbers of fish was not strong. One
of the complicating factors involved, and one
which extends the effects of poor survival
conditions, is that an apparent relationshlp
exigsts in the production of age 3 and age .
fish from any single brood gtock. Over the
period of the last three brood stocks (1955,
1956, 1957) the ratio of age 3 ¢ age L has
been calculated at 3.5 : 56.:5 and the
relationship for the 1958 brood will approxi-
mate this closely. TIn effect this means

that a strong stock in any single year is
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almost certainly dependent upon the good
return of both major age segments of the
atock and also that low survival of one
brood will affect the total return in two
congecutive years,

Commercial Hxploitation

Efficient regulation of the commercial
fishery in this area is particularly complex.
Stocks destined for areas over the entire

225-mile length of coagtline from Kingcome

Inlet at the north to the Fraser and

Cowlchan Rivers at the south, enter at the
north end of the study area to be intercepted
by an intense Johnstone Strait fishery and,

in several instances, efficient local
fisheries as well. In addition, a significant
gegment of the migration enters the area from
the south via Juan de Fuca Strait.

Certain of the factors associated with
commercial exploitation and which have
affected the current status of the stocks are
these:

(1) Increase in efficiemncy of gear.

Immediately preceding and during
the period of reduced stock size, which began

in 1955, a dramatic change in efficiency of
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the commercial fishery developed in the form
of increased unlts of «ear, conversion to
nylon glll-nets and the advent of the power
block and drum seine to seining. This
increase in fleet efficlency at a time of
reduced stock size more than offset the
pattern of reduced fishing time which was
initiated in 1955 and which has become
increasingly severe since that time.

There 1s associated with this
increase of efficlency at a time of reduced

atock, another complicating factor. The

apparently increases with decreoasing stock

gize.

(2) Allowable Exploitation

Tn an atbtempt to defline the
general degree of exploltation that the chum
galmon stock of this study area can withstand,
an interpretation of the calculated ratios of
returning adults per unlt of brood escapement
has been made in termg of allowable exploita-
tion. The calculated ratios rof return
indicate that in order to just maintaln the
sgscapement at its brood level, the ratio of

cateh : escapement, under conditions of the
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average survival recorded during the 1953-61
period, would have to approximate 0.9 : 1.0
for an allowable axploitation rate of L.7.l
percent. A simiiar calculation for the even-
year pink salmon stocks of the area suggests
an allowable average exploitation of 6.3 per
cent,

In seven of the nine years
during the period 1953-61, the actual exploita-
tion as calculated from the avallable data,
has exceeded the calculated allowable level.

(3) Timing

Chum salmon are present in the
Johnstone Stralt fishery throughout August,
Sep tember, October and into November. Begin-
ning in 1955 and continuing through 1959, one
- general effect of the fishing pattern has
beon the proviglon of more protection to the
later migrating stocks than to the others.

As a result, the general stock is weak but
several of the late running stocks are demon-
gtrating relatively good strength.

(l) Praser River Mainsgtem Stock

The effect that the reduction
in escapement size of this stock has had on
the entlre study area commerclal catch has

been described under the heading "Fraser River
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Chum Salmon Investigation” (See Section l.1,
page 190). As pointed out in that section,
thle stock at one time congtituted not only
the major stoclk of the area but in actualitby
comprised the foundation for both the

Johns tone Strait and T™raser River chum salmon
fisheries.

The history of the decline in strength of the
chum salmon stocks indigenous to the area could be
summarized as follows:

The catch pattern, described in Figure l., when
compared to those of other areas indicates that effective
utilization of chum gsalmon in this study area did not
begin until around 19,0. Throughout the war years and
coinclding with the decline of certain other stocks,
including those of the west coast of Vancouver Tsland,
the catches particularly in the Johmstone Stralt area
were increased. The increase 1n fleet efficlency follow-
ing the war perlod was not reflected in increaged catches
in this study area but the high catches were at least
malntained. The increase in fleet size and gear efficlency
at this time, without a commensurate increase in catch
indicates that the catch, during the lagt of the good
years, was being maintained at the expense of the escape-
ment. In 1955, the stocks of the area declined and have
never returned to their former level.

The general picture which emerges from the
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analygis conducted fo date therefore, 19 that in this
gtudy area, chum salmon were not fully utilized prior
to 1940. TIn the following 15 years, lesgs than the span
of foﬁr life cycles, the utllization pattern ran the
courde from under-explolitation to over~exploltation to
near collapse of stocky all in such a sghort period that
the degree of optimum stock utilization was never
accurately determined.

Operational Value of the Analysis

Agsegament of Escapoment

In order to agsess the current strength of the
stocks origlnating within the study area, the escapements
must be evaluated In terms of past, 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 until an accuralte assessment can be made. Thisg goal

is based on the total of the hlghest recorded actual

egcapement to each stream in the area in any year during

the period 1950-61. The total study area goal for
greater effectiveness has been divided into sub-areas
get up within the total area. The major assumption made
in arriving at this figure is that over-sscapement did
not occur in any of the streams during the period of
time chésén.

The goal proposed for the total study area chum
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egcapement, excludinge the IPraser River mainstem gtock,

is 2,400,000, Current escapements are now assessed by

- the comparison of sub-area escapements against the
regpective sub-area escapement goal. By way of comparison
to thls proposged optimal eéc&pement, the 1960 and 1961
escapements totalled 518,000 and 5lH,500 respectively;

the highest recorded escapement in the 1950-61 period

ocourred in 1951 and totalled 1,700,000,

Defining Anticipated Return

The data available cannot be used as a basis for
accurate prediction of return but two factors can be
utilized to at least define the general magnitude which
can be expected.

(a) From the apparent relationship between

production of the age 3 and age l. segments
of an individual brood, the number of age 3
galmon in the total stock ofAyear """ 1s
ugsed as a basis to calculate the expected
contribution at age L of the same brood in .
vear "o 1M,

(b) The size of the brood esgcapement three

yvears previous is taken as a general meagure,
refined by data avallable onr production of
adult return per unit of brood escapement,

of the strength of the age 3 segment of the

returning stock,
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Recommendations on Fishing Pattern

from the calculations on the range of return
and from the calculated exploitation imposed on the
stock during recent seasgons, fishing patterns can be
developed to meet a range in slzes of returning stock.
This 1g done to serve as a gulde once the relative size
of the returning stock is established.

The 1961 Stock

The returning stock in 1961 totalled only 906,500
and thereby constituted the poorest return to the study
ares during the period 1949 to 1961 inclusive. The ratio
of returning adults per unlt of brood escapement was
calculated at .8 adults per unit of escapement; the brood
escapemoents therefore falled to produce thelr own level.
The low 1961 return resulted from a dismal return of
age 3 fish superimposed on an antlcipated low return of
age Lts from the 1957 brood. No detalled explanation is
offered for the poor return of the age 3 sepment but
incubation conditions were apparently poor throughout
the study area during 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

gtringent regulations applied.
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The 1962 Stock

The total study area catch, reflecting a year of
low stock and stringent regulation, totalled only 260,000,
Jomplete escapement flpures are not available at this
time but the total will exceed that of 1961 by a

conglderable margin,

PINK SALMON

Ag stated earlier, an Qnalysis of avallable
cateh and escapement data, simllar to that described for
chum salmon was conducted on the even-year pink salmon
stocks of the study area. During the even year, pink
galmon in this area return only to streams situated
within commerclal fishing areas 12, 13 and 1l (FPigure 3).

Status of the Stocka

in terms of the past even-year escapements
recorded during the 1950-60 period, the 1960 escapement,
which constituted the brood stock for the 1962 return,
totalled only 221,500, uO.S'percent of the previous low
of 57,200 recorded in 1956 and 35 percent of the even-
year 1950-58 averags.

As degoribed for chum salmon, an escapement goal
based on maximum recorded stream escapement has been
calculated for the even~year pink salmon stocka; thaﬁ
figﬁre totals 1,301,500, The 1960 escapement comprised

only one-sixth of that proposed goal.
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Reason for the Low Status of Hven-Year Stocks

The low level of the 1960 pink salmon study

area escapement resulbed from the combined effects of

two factors.

(a)

Low Survival to Adult

The ratio of returning adults per unit
of brood escapement in 1960, as calculated
from the available data, was only .8:1 as
compared to the 1950«58 average of 2.8:1.
In terms of numbers of flgh, an escapement
of 710,000 adults in 1958 produced a total
returning stock of only 566,700 in 1960,
Over-Hxploltation

(1) Ceneral Explolitatlon

As stated above, the 1958 escapement
of 710,000 adult pink salmon produced return-
ing stock of only 566,700, This stoock, the
total of which would have'oonstituhed less
than an average escapement, totalled only
221,500 after exploitation.

(2) Differentlial Exploitation

Salmon stocks passing through
Johnstone Stralt are vulnerable to a very
efficient commercial fishery which extends
for a length of more than 90 mileg. Within
this fishery the length of tlme that



individual stocks are vulnerable to the
fishery varies greatly, the rate of
exploitation of local fisheries varies, and
in certain instances stocks are not subjected
to any local exploitdtion. Ag a result each
stock of galmon returning to this general
area will be susceptible to a dlfferent
degree of exploltatlion,

In 1960, the pink salmon shooks in
this study area which demonstrated the -
lowest level were thosge 1lying south of Area
12, speclfically those situated on the
mainland shore of Area 13 and from the
entire region of Area 1. Undoubtedly the
length of the combined Area 12 and 13 fishing
~area has resulted iﬁ differential explolta-
tion of the stocks returning to those arsas. .
In effect, the southern portion of the
Johng tone Strailt flshing area constitutes a .
local. fishery on stocks orliginating south of
Area 12. The catch in Area 13 during the
five even~year cycles prior to 1942, had
accounted for only 12.7 percent of the total
Johnstone Stralt catches but thilg catch had
repregented an average exploitation on

gtocks escaping from the Area 12 fishery of



37.1 percent.

In emphasis of the low status of
the Area 13 and 1l stocks in 1960, the
calculated escapement moal for the combined
areas totals 520,000 or L0 percent of the
even-year study area goal. In 1960, the
escapement to these areas totalled only
69,600 and 35,000 of these returned to one
atream.

Reason for the Present Status

The low status of the 1960 stock wae not inter-
preted as being the result of a downward trend in the
gtrength of the stock but rather the result of over-
@xploitation of a aingle year class returning at an
already low level., The data does indilcate, however,
that an overfishing trend has developed on populations
origihating south of Area 12,

Operatlonal Value of Analysis

Ag descrlibed 1n the previous section for chum
galmon, the value of the analysils being condueted is in:

(a) Assesament of Kscapement

This 18 done in terms of both past
escapement and calculated stream potential,
and by relative annual stréngth of the
variouz sub-area egcapements.

(b) Definineg Anticipated Return

On the hagls of the range and the
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past ratios of rebturning adults per unlt of brood
egcapement a range of anticipated return is caleculated.

(¢) Recommendation of Fighing Pattern

Ag described for chum salmon, proposed
fishing patterns can be developed from the
calculations on the range of anticipated
return and from calculations of recent
exploitation on the stock, Turther to this,
the relatlve slze of escapement within the
gtudy area may be used as a basls to recommend
additional protection to specific stocks.

The 1962 Stock

Jomplete escapement figures are not avallable

at this time, but the stocks of this area demonstrated
a high ratio of return comparable to that recorded
generally over the central and northern coast. The
commercial cateh for the arsa totalled 70l.,000, and this
in apite of the stringent regulations applied. Thess
included a virtual closed season on pink salmon in Areas
13 and 1l and a two-week speclal closure during mid-
Aupgust tn Area 12, all deslgned to initiate rehabllita-

tion of the low stocks originating in Areas 13 and 1l.
Although final spawning sround figures are not available
at thls time, the general plcture was one of good
escapements to all streams with the exception of those
in the Area 1. The low 1960 escapement of 221,500

produced, therefore, a cateh of 704,000 pleces and a
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generally good egcapement throughout the area.

A general summary of the analysis conducted to
date on the Johnstone Stralt chum and pink fisheries
hag been presented along with a deseription of‘certain
of the problems assoclated with maintaining and in some
ingtances rehabilitating certain of the stocks through
regulation of the commerclal fishery.

The task of rebuilding the chum salmon stooks
of the area to thelr former level, which supported a
cateh of between two and four million pieces annually,
i# perhaps a formidable one but the progpects would
appear bright.

The even-year pink sgalmon stocks of the area
have not demonatrated any real decline and as indlcated
earlier, have in fact demonstrated a "bounce-back" from
the very poor seeding of 1960. In the central Vancouver
Island area, the stocks of certain of the streams,
particularly those of the Tsolum and Oyster Rivers, have
guffered a drastlc decline and may require asslstance
additional to that posgsible through regulation of the

fishery.

OPERATTONS ROOM

As mentioned previously, a salmon management

operations centre wag established in the Vancouver
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headquarters off'ice durlng the spring of 1962 and subse-
quently maintalned the operation throughout the balance
of the season., The reason for mainteining such a sectlion
is one of providing, for the Arsa Director and senior
gtaff assoclated with regpulation of the commercial
fishery, a day-by-day report, which can be quickly and
oasily agssimlilated, on the operation of each of asg many
a8 L2 individual salmon flsheries. In effect, the main
functlon of this operation is that of an infomation
centre and ag such 1t represents the end product of the
faclilities of three branches:

() Heonomics Branch

For most areas of the coast, the current
geasonal strength of returning stocks are
determined from the comparison of present and
past size of cateh. The catech statlstics
produced by this branch provide the basls
for this comparison.

(b) Protection Branch

One of the most vital tasks conducted
by the fleld staff of this branch during the
commerclal fishing season 18 one of colleot~
ing daily catch fipures for-each commercial
fishery operating on the British Columbia
const. These fipures are relayed daily to

the digtrict and headquarters offices via a
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complex communication network which includes
the use of both land and shilp based radio-
tolephone as well as land based telephone
facllitles, On arrival at the headquarters
office these reports are supplied to the
gtalf of the operations room for processing.

Figh Culture Development Branch

The responaiblility of tabulatiﬁg and of
1lluetrating graphically the oétoh and
sgcapement data avallable for all areas is
that of the persommel of this branch.

During the initial preparations, catch data
was presented on an annual, weekly and,
where pogsible, dally basls by specles and
by commerclal flshing area for the perlod
1951-1961; escapement data were tabulabed
for the same period. Throughout the season,
as catoh reports were recelved from the
respectlve filshing aress, the current

figures were tabulated, graphed and a

~ summary comparison made with past catch

data. Thie information was then furnished
to the headquarters management staflf at
dally "briefing" sgesslone for thelr interpre-

tation,

The operatlon described above functioned

effectively throughout the past season and hasg now
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become an integral part of the salmon management
machinery of the Pacific Area. Preparations are now
underway to further extend the tabulation and analysis
of catch and escapement data beyond that provided in

19620

5,  MISCELLANEOUS

CLENDALE TRAPPING [FACTILITTES

In resgponse to a request from the Pacific
Biological Statlon this Branch provided englneering
advice in conneotion with the design and construction of
the flsh~collection faclillitles which were employed in
1962 at Glendale River, Knight Inlet, B. C., to obbtain
plnk salmon egge for a transylant to Newfoundland.

A low welr, 136 feet long by two feet high, was
constructed across the entire width of the river. It
ig fitted with a row of horizontal screens, supported by
the weir crest at the one end and by timber pilings at
the other, which extend downstream from the crest.

This arrangement 1s deslgned to allow free passage of
river dlacharges while acting as a barrier to all
upgtream migrants (at low flows). As this structure had
to be constructed on sravel 1t has been equlpped with a
cut-off wall, consisting of a row of steel sheet-piling
at the upstream face, which prevents scouring of the

foundation. The barrier is alligned at an angle of
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70 degrees to the river flow in order that fish will be
led directly to a holding pool entrance gl tuated on the
lef't bank. Counting traps, located near the btwo ends of
the structure, provide the means by which normal escape-
ments to the upriver spawning grounds can be malntained.
A holding pool, having a”surfaoe aresa of 1,100
gquare feet, has been oxcavated on the left bank
adjacent to the barrier structure., This pool is lined
wlith timber and 18 so equipped that it can be divided
into peng of varibus glzes for the holding and sorting
of fish, Water 1s supplied to the pool by an open-cut

channel whioch hag been excavated to connect with the

river approximately 200 feet upstream from the barrier.

These facllitles were completed in July, 1962
at a total estimated cost of $60,000,

TAHSI3 OFFICE~ROESIDENCE

Plans of an offlce-reslidence and garage for the
local Fishery Officer at Tahgls were completed in
August, 1961, Construction commenced in September and
the builldings were completed in February, 1962, The
total cost of the buildings including‘the purchase of a
gtove, refrigerator, drapes, fencing materials, and
rough landscaping was $23,400.

The office-residence is 25 feet by ULl feet in

plan and the'garage is 12 feet by 2l feset, The total




222

finighed floor area of the office-regidence is avproxi-
mately 1,600 square leet, which ig made up of two
bedroong, a bathroom, a kitchen, and an L-shaped living-
dining-~room on the main floor; and two bedrooms, a
bathroom, an offlice, and an unfinished area for a
utility room and storsge in the basement.

Conailderable flooding occurred during the fall
of 1962 in the general area of the office~-residence. On
September 30, a nearby oreek overflowed its banks
causing some damage to the Departmentts property.

Again, on November 23, heavy rains in the area caused

the oreek to over-top 1ts bhanks with the result that the
eantire property was inundated to a depth of appraximateiy
three feet. . Thig flood caused extensive damage to the
office~-regldence as a result of the deposition of a

large quantity of sllt and debrlis in the basement.

Repairs were effeocted in December, and the
recommendation has been advanced that flood protection

meagures be employed to prevent such incidents in fubure.
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