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SPECIAL NOTE.

Attention is.drawn to the intention of the report as explained
in the preface, which is to provide an up—tq-date'index of fisheries
research on the fiéh-pbwer problem in British Columbia for the con-
venience of those who may wish to use it. The following summaries
have not been written with the intention that they should be quoted
verbatum or otherwise used as direct scientific references. They are
merely a summary and guide to the current status of research. Those
;interested in specific information are advised to consult the referen-

ces listed or the responsible agency.



" PREFACE

The Figheries Development Gouncil was formed in 1956 by the

Minister of Fisheries for Canade. with the objeetlve of brlnging all

agencies, organizations and individuals affiliated with the fisheriea

resource together fof-a'eemmoh underatandiné, study and discussion of

the fisheries pfoblems associated with industrial development in British

Columbia.

A

The Terms of Reference of the Council as set out at the inaugurdl

~ meeting on Anguet 3, 1956 are as follows:

(a)

(b)

(c)

(a)

(e)

To study all aspects of problems of developing and
congerving fisheries resources of the province and

preventing of damage by industry and power development.

To hear, discuss, and consider reports by fisheries
technical personnel on the various industrial and other
projects under study or in proepect which would affect
the fisheries Tresource.

To increase public interest in the conservation, manage~
ment, and development: of our fisheries resource.

To generally co-ordinate all available knowledge and also
the activities of all interested partiee associated with
the fisheries resource in respect to the foregoing.

To make general or specific recommendations to the approﬁriate'-

‘authorities for desirable action on the problems .studied by

the Council.
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Organizations and individuals represented on the Fisheries Develop-

ment Council are:

JDepartmént of Figheries, Canada
Figheries Association of B.C.

Department of Recreation and Conservation of the Province of
British Columbia

United Pishermen and Allied Workers! Union

‘International Pacific Salmon Fisherieg‘Ccmmissidn B

Native Brotherhood of B.C. : |
Fisherieé‘Reseérch Board of Canada

Fishing Vessel Ownefs' Asgociation of BsCo’

~ Institute- of Fisheries of the University of British Coluﬂbia
Mr. Roderick Haig-Broun, Campbell ‘River; B.Co
Prince Rupert Fishqrmen!s Co-op. Agsociation -

B.C. Federation of Fish and Game Clubs

The Research Subfcommitfee of the Figheries Development Council was
appointed in April 1957 as an ad.ﬁoc cOmmiftee to.atudy the prob¥em of
preparing an index of reéeaféh to effectively sumnarize work being done on
the - fish-power problemo The furpose of such an index would be to'provide‘
a concise source of 1nformat10n in connection w1th regearch on the flShP

- power problem, gso that Council members would be aware of the total effort
beihg applied tO'varidus fisheries.problems;'the number of personnel in-
volved, costs, and the degree of §ooperation between various fisheries

agencies. .

N



| (iii)

The Research Sub-committee was ma&e up of one member from each of the .
five British Columbia fisheries égencies and the Secretary of the Fisheries
DeveioPment Council. The committee adopted a'standard one-page format for
research summaries and also agreed on the scope §f research which was to be
includeds It was decided that while desirable to include work by figheries
aéencies‘in Eastern-Canadé and the United States, this~was éoﬁéidéred too
broad én ﬁndertaking for the presept, and the summaries were.lihited to the
work actually done by ﬁhe five British Columbia fisheries agencies. Further,
it was decided that research summaries on all multible ﬁater‘use projects
injolving fish would prove too cuﬁbérsome for' indexing purposes, therefofe
the scope of work covered was. directed mainly to proﬂlems of fish apd dams,
or other physical obstructions such as intakes, cﬁannel excavations, diver-
sions, etc. It was decided thaﬁ pollution studies, in particular, were not

to be included in the index.

Summeries of research were submitted by each of the five agencies during

the latter half of 1957 and early 1958,
»In May, 1958 the wofk of the:committée was diverted to the preparation

of a brief report concerning the present,gtatus»of the figh-power problemo _
This report was to answer four questions asked by the Fisheries DeveloPméﬁt
Council, viz: | |
' 1. What is the,proﬁlem?

2, What is being‘done?

3. How much'money.is being spent?

4. How many people are working on it?
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This gtatement was cohpleted in'Deéember, 1958 and tebled at the 12th
Comncil Meeting in January, 1959. In preparation of<the definition of the
fish~power problem and outlining research on it in general terms for the
above report, the committee decided.on a aysteﬁ which could also be uged
for~iﬁdexing ﬁhe regearch summéries._ Hence, in the subject index of this
report, the summariés have been grouped into 10'ca£egories of fisheries -
problems and each category is subdivided into 3 types of research: basic
-biological, applled blolchcal or applied englneering° The first nine

ategories are as outlined in the statement of the nature of the fish=-powver
problem and the tenth category covers summaries whlch deal with the total
>effects of dams or other obagtructions on flsh, including possibly a combina—
tion of all qf the first nine categories. The commibtee 8 gpgx& to Fisherieg
beVelogmenﬁ Council Concerning Preggnt Status of the Figh-Pouer Problem is
inclpded:in;this vélume;for reference purposes and,immediately ‘follows this
preface. ' ‘ ‘ |
. Theripdi#idual summaries are .arranged chronologically, .and by Agency,'

go that they can be qddethb logiéally at such time as the Council considers
it desirablé to revise and update,ﬁhem. .Tﬁé'numberiné gystem is préfixedAby
letter, to denote the\responsible agency, viz: “A“-for tﬁe Fish Culture |
Development Branch of the Department: of Fisﬁeries'bf Canada;- "B" for the Fish
and Game Branch, Departmént of Recreation and Conservation; “Q" for the
Fisheries Researcthoard of Canada, Pacific Biological Station; “D" for the
International Pacific Salmon Flsheries Commission; and "F" for the University
of B.C., Within each agency, the summaries are numbered consecutively in

Chronological order, such as D1, D2, D3 ... . The Teble of Contents lista
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ali the summaries in this volume in the order in whiﬁh thgy are bound.

‘When this volume is revised from time to time, summary pages for
‘new projectg will be nuﬁbered for ready filing in the appfbpriate places,
and revisions of certain exisfing sumnaries will replace the ones already
filed in this volﬁﬁe. The date in.the lower right=hand corner of eaﬁh
summary sheet would indicate if it is the latest issue., New Table4of
Contents, and Index by Main'Subject Divisions sheets will be supplied when-
ever revisions are made to this voluﬁe. A mailing 1list of those in poss-
ession of these summaries of research will be kept by the.Fisherieg Develop-
ment Council to facilitate circulation of revision sheets.

The committee'hopes that the Fisheries Develqpment Council will find7f'

this volume of interest and use to its members.

Sub=-Committee Membersghip:

Chairman -~ K,C. Luéas, Engineer, Fish Culture Development Branch,
Department of Fisheries, Canada. '

P,A. Larkin, Director, Institute of Fisheries,
University of B.C,

T.G. Northcote, Biologist, Fish and Game Branch,

' . Department of Recreation and Conservation.

D.F, Alderdice, Scientist, Fisheries Research Board of
Canada, Pacific Biological Station.

F.J. Andrew, Engineer, International Pacific Salmon
Fisheries Commission.

Secrétary - B,A, Campbell, Department of Fisheries, Canada.

Research Sub-~Committes
Fisheries Development Council
April, 1960,
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REPORT TO FISHERIES DEVELOPMENT
COUNCIL CONCERNING PRESENT STATUS
OF THE FISH-POWER PROBLEM

THE NATURE OF THE FISH~POWER PROBLEM

To gain sufficient knowledge of the biology of salmon and trout
and the principles of design of fish facilities to ensure adequate pro-
tection of such stocks affected by constructlon of dams.

|

Basically the maJor problema at present aret-

1.

2,

Je

To ensure safe upstream passage of adult salmon and trout in
river systems in which dams have created dowmsiream changes
in physical, chemical end biological factors.

To pass very large numbers of adult salmon and trout upstream
over a dam or a series of dams without delay, injury or
mortality.

To pass adult salmon:and trout through reservoirs without
delay, 1n3ury or morbslity.

To ensure satlsfdctory spawnlng of adult salmon in headwaters
affected by dams.

To ensure satisfactory incubation and rearing of pre-migratory
fresh water stages in headwaters affected by dams.

To pass young migratory salmon and trout through reservoirs
without delay, injury or! mortality.

To pass very large numbers of young migratory salmon and trout
downgtream over a dam or a serieg of dawms without delay, injury
or mortality.

To ensure safe downstresm passage of young salmon and trout in
river systems in which dams have created dovmstream changes in
physical, chemical or btiological factors.

To obviate some of the above problems by employing alternatives
to fish passage facilities (e.g. transplenting of runs, artifi-
cial culture of salmon, etc.).

Many types of effects 6f dams on fish have only recently been

discovered.
multiply the diversity of the .problems.

Further findings in these fields are to be expected and may

BIOLOGICAL AND ENGINEERING RESKARCH ON THE FISH-POWER PROBLEY:

Research conducted on the nine sections defined under "Nature of

-the Fish~Power Problems" may be categorized into basic biological research,
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applied;biologiéal research and applied engineering reseangh.

’

A, Bagsic Biological Research

Nearly all agencies involved in.the flshnpower problem are con-
“tributing information, which directly or indirectly increases existing
knowledge on the basic biology of salmon and trout affected by construction
" of dams. Basic biological research which is being conducted at present on’
the fish=power problem may be classified as follows!

1, Performance studies - to determine the ability of salmon and
trout to swim, or perform other functions under given environ-
mental conditions.

2. Tolerance studies - td determine the phy31cal and chemical limits
within which salmon and trout nay successfully complete various
stages in their 1ife history. _

3. Perception studies ~ to determine‘the array and sensitivity of
salmon and trout sense organs to natural or artificial stimuli.

L. Behaviour studies ~ to delimit and define the types of behavior
exhibited by salmon and trout and to determine the effects of
various environmental’?timuli upon this behavior.

5+ Racial studies - to determine the types of racial characters
present in salmon and trout stocks and to examine causes, environ-
~ mental, genetic, or both for these differences.

6. Biochemical studies - 10 examine the biochemigtry of salmon and
trout locomotion, nutrition and other physiological processes.

B. Applied Biological Regeaygh '

The majority of work of an applied biological nature being conducted
on the fish-power problem may be divided into three categories:

1. Determination of effects on salmon and trout stocks of environmental
alteration caused by construction of dams.

( a) Physical alteration, e.g. - increasing, lowering or fluctuating
lake and stream levels - substituting reservoir environment for
stream environment ~ imposition of delays, injury or mortality
by presence of dams:and/or associated structures.

( b) Chemical alteration, e.g. - introduction of various chemical
" materials which may act directly as fish toxicants, or may pro-
duce indirect effects on salmofi and trout performance, tolerance,
sensory perception or behavior,
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(e) Biological alteration, e.g. = introduction by damuing or dlverﬂing
watersheds of species of fish or other organisms which may compete
with, prey upon, or parasitize indigenous salmon and trout stocks.

wy

2. Asgessment of effectivensss of fish passage and directing facilities. .

(8) - Assessments of fish ladders, trapping and transporting devices
and other methods of passing salmon and trout adnlts and young
around barriers in route of migration. :

(b) - Assessment of.screens, light, bubbles, chains, electricity‘and
other possible means of directing or guiding salmon and trout..

" 3. Assessment and developmeht of alternative methods -of maintaining
salmon and trout stocks.

. (a) - Assessment of effectheness of present methods of salmon and trout
culture.and stocking.

(b) - Development of new methods of increasing efficiency of salmon and
trout culture and stocking.

C. Applied Engineering Research Belng conducted, on__gg Fish Power Problem is
Concerned with:

1. Investigation of design and. hydraulics of spillways, turbines and
other structures in an attempt to eliminate or reduce features
deleterious to salmon gnd trout migration or production.

2. Investigation of design amd hydraulics of fish passes, guiding
devices and other fish facilities which may be used to prevent delay,
mortality or injury to passage of salmon and trout stocks.

3. Design of salmon and troutupearing facilities or other structures
associated with alternatives to the passapge of these fish,

3, WHAT IS BEING SPENT ON RESEARCH

Fisheries research related to the problems involved in conserving
salmon and trout populations affecﬁed by proposed dams requires large ex-
penditures by Federal, Provincial and State Governments and by private in-
dustry.

In British Columbia, the annual expendltures in fiscal year 1957=
1958 directly or indirectly rélated to defining, investigating and attempting
to solve these problems totalyed gbout $740,000. Contributiohs to this.
research effort are made by the Federal Department of Fisheries, Fisheries
Research Board, International Pacific Salmon Fisheries Commission, B. C.
Department of Recreation and Conservation, Univers1ty of British Columbia
and National Research Council.
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In the United States, as in Canada, the principal research effort
on the "fish-power" problem began in 1952. In the three-year period from
1952 to 1955, approximately $3,350,000 was spent on investigations completed
or being undertaken at that time. From 1955 to 1958, approximately $4,260,000
has been spent. In the fiscal year 1957-58, the expenditure was approximately
$1,400,000 and it is expected that approximately $2,000,000 will be spent in
1958-1959," This includes expenditures by the United States Fish and Wildlife
Service, United States Army Corps of Engineers, and the States of Oregon and
Washington, as well as by private industries building dams on salmon and trout
streams in- the Pacific Northwest.

Fisheries conservation agencies in the United States and in British
Columbia have budgetted for a considersble increase in research effort in recent

" yearse The Federal Department of Fisheries has estimated that its budget in

4.

fiscal year 1959-1960 for this purpose will be about double the 1958-1959 expen-
diture. The Fisheries Research Board has recently enlarged its laboratory
facilities to enable a more extensive research effort on fisheries problems
related to industrial development in British Columbia. :

The total expenditure in the United States and in British Columbia
exceeded $2,000,000 in 1957-1958. Budget requests reveal that the total may
reach $3,000,000 in 1959-1960, :

THE NUMBER OF PELRSONNEL ENGAGED IN RESEARCH ON FISH-POWER PROBLEMS

The number of permanent and temporary personnel in British Columbia
engaged in research on the fish power problem is estimated to be about 130 in
1958, This total has been compiled from information supplied by the Intérna-
tional Pacific Salmon Fisheries Commission, the University of British Columbia,
the B.C. Depariment of Recreation and Conservation, the Federal Department of
Fisheries and the Fisheries Research Board of Canada. Various classifications
of personnel included are listed approximately as followss:

Personnel

1. Basic and applied biological research ~ 54

2 Appliedlengineéringrresearch - 20
3. Tecﬁnical and field assistance - 55
129

Research Sub-Committee
Fisheries Development
Council, December, 1958.
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VAPPLIED ENGINEERING RESEAROH

' Columbia Cellulose’ Pulp Mill Water Supply.

Jones (Wahleach) Creek Hydro-hleetric Pewer Development.

" Harmao ‘Pulp Mill Water Supply.’

Puntledge River Hydro-Electric Power Development.
Seton Creek Hydro-Electric Power Development.

- Columbia Fraser Hydro~Electri¢ Power Development.

Cheakamus -River Hydro-Eleetric Power Development.— )

- Fragser River Board.

Somass River Hydro-Dleotrie Power Development.

" Alberni Pulp Mill Water Supply.

Whitehorse Rapids Hydro-Electrio Pover Development on the
- Yukon River. .

~ Ash River Hydro-Eleotric Power Development.

Stamp River Hydro-Electric Power Development..

" Cowichan Lake Committee. -

" - Design of Fishways and Other Fish Pasaage Facilitiee. '

Water Supply for a Proposed Pulp Mill at Gold River.:

~ ‘Water Supply for a Proposed Pulp Mill at Union Bay.

Moricetown Falls Hydro-Electric Power Development. -

' - Fulton River Hydro-Electric Power Development.

. Pinkut (15 - Mile) Greek Hydro-Electric Power Develepment.

Revised December, 1961.
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N
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Cooperating
Agencies
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Assessment

Reports

Al

DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

Pulp Mill Water Supply.

To study the maintenance of salmon runs in the Prudhomme A
Lake watershed, to determine the minimum flow requirements,
and establish the required specifications for a fishway and
screening devices required by the construction of a storage
dem for the Columbia Cellulose Pulp Mill near Port Edward, B.C.

Columbi Gélluloe

1947-51. 1959 to date.

/

Outlet of Prudhomme Lake, Kloiya River, near Port Edward, B.C.

Formerly G. Bruce and HJ/A. Lynch: subsequently C.H. Clay:
latterly R.N. Gordon.

U.S. Fish & Wildlife Service (Consultants on screen).
Engineef, biologist,
43,700, SR

1

A weir type fishway over the 1l6~foot Kloiya dam and a travelling
Link-Belt screen for the water intake were completed in 1951,
A second travelling screen was installed in 1961.

The fishway and travelling screens were found satisfactonj to’
protect the present fish populations.

Unpublished data on file.

June 1, 1958
Revised December, 1961



'DEPARTMENT'OF'FISHERIES,VGANADA
Fish Culture Development Branch

—

Subject - ' Jon Wahleach) Creek Hi ro=Elactric nggg‘Develogment.

Pu;‘ 89 :. To determine the fisheries problems cfeaxed by the Jones Creek

hydro-electric power development and to recommend possible solﬁtioqg.
Duration 3 1949-5/. Assessment contiﬁuing. |
Location : Jones Creeck near Laidlaw,'B.G.
In Charge ¢ C.H. Clay, W.R. Hourston, L. Edgeworth. .

Cooperating
Agencieg = ¢ Fisheries Research Board of Canada, B.C. Electrlc Go. Ltd.

Pergonnel : Engineer, biologist up to four technicians.

. i
\

Cost 2 1949 - 54: $12,000.
Regults ¢+ It was concluded that the diversion of Jones Creek woﬁld seriously

affect the salmon populations if consideration was not given to
fisheries requirements. Three possible methods of preserving
the runs were suggested.
1. Provision of a specified minimum flow. ‘
2. Construction of a controlled flow spawning channel for which
- flow requirements would be 40 percent of the flow requlrements
under the first alternative.
3. Provision of a hatchery.:

Negotiations were carried out with the Company and the second ’
proposal, the construction of an artificiel channel, was implemented.

Asgegsment 1 The operation of the channel over an eight year period from 1954

to 1961 has shown a history of relatively low- cost, high fry sur-
vival and increasing adult returns. For these reasons it is ‘con-
sidered that the channel is a satisfactory solution to the fisheries -
problem created by the Jones Creek hydro-electric development. If
similar installations are considered in the future their efficlency
might be increased by modifying some of the design features. -

1, Jones Creek Report Part I, December 1949; Jones Creek. Report
Part II 1952, Department of Fisheries, Canada, (Mimeo).

Reports

2, Use of an artificial\spawning channel by salmon, W.R. Hourston,
D. MacKinnon, Volume 86 (1956), Transactions of the American
Figheries Society.

3. Man-made spawhing channels for Pacific salmon, D. MacKinnon,
Canadian Geographical'Journal, July, 1961.

L. An assessment of the Jones Creek spawning channel 1954-61
D. MacKinnon, L. Edgeworth and R.E. McLaren (To be published in
the Canadian Fish Culturist during 1962).

H

. June 1, 1958
Revised December, 1961
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DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

H

The Bridge River szro—Eleétric Power Development.

To relocate a run of spring salmon whiich were prerented from
reaching their natural spawning grounds by the diversion dam

of the Bridge River power development.

1949-1952.
Bridge River near Lillooet, B.C.

W.R.AHourston.

Biblogists, engineers, student assistants and casual labour.
$25,000. .

All migrating adult spring salmon were gillnetted below the
diversion dam and held in retaining pens until mature. The
salmon were then strlpped and the fertilized eggs were planted
"green" or held until "eyed" and then planted in other streams.
Bggs were planted in Gates Creek, Yalakom River and Portage
Creek. This procedure was followed for four years in order to

- relocate the entire spring salmon population.

The Bridge River spring salmon relocation program was an
emergency salvage measure only. Since no positive returns
from the egg plantings were reported, the relocation program
appeared to be unsuccessful.

Unpublished data on file.

June 1, 1958
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DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

(] --——...-- s g e T

To deternine the mortality rates to young flsh passing through
flood control pumps in the Lower Fraser Valley. :

1949.

Hatzic Pumping Station, 3 miles from Mission City, B.C.

W.R. Hourston. ‘ , .

Fish and Game Branch.

Biologist, engineer, two casuals.

#1,000.

A sample of fish were introduced near the pump intake, allowed
to pass through the pump and were retrieved below the pump out- -
let and examined for injuries and mortality. Three tests were
made and the results were as follows: ’

Test 1. In a sample of eight live flsh ranging in length from
13.6 cms to 14.5 cms the pump mortality was 55.5%. ,

Test 2. In a sample of 150 preserved fish ranging in lencth
from 4 cm to 19.9 cm the number mutilated varied directly with .
the length. ,
Test 3. In a sample of 89 live fish ranging in length from 4.5 “em
to 7.4 em the pump mortality was 40. SA After 15 hours the

total mortality was 48. 36.

The mortality to fish in the tests varied directly with their

The streams affected by the flood control program are
utilized by coho, chum and pink salmon. Pink and chum fry :
migrate seaward after having attained a length of 3.8 to 4.5 cms.
An insufficient number of fish in this size range were used in
the tests to assess the mortality but it is suspected that-it =
would be light, Coho yearlings migrate seaward when 8 to 1l cms
Mortality to fish in this size range was about 50% and :

is considered eritical.

More tests are recommended and more data on streams and pumping
procedure is required before a solution to this problem can be

~ reached.

Typed report on file.

June 1, 1958
Revised December, 1961
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DEPARTMENT OF FIbH“RIhS CANADA
Fish Culture- Development Branch

Harmac Pulp Mill Water Supplx

To provide adequate flows in the Nanaimo River for spawning,
“migration snd rearing of salmon after diversion of flows to.

" the pulp mill by pump and wells adjacent to the river, and

to design a fixed screen to prevent entry of small fish to
the mill water supply. -

l949~l951
Nanalmo River near Cedar, B.C.

i

. C.H. Clay, E.W. Burridge, R. N. Gordon.

Fish & Game Branch.

‘2 engineers, 1 biologist, up to 6 technicians.

#15,000. | o

The survey of spawning grounds and a biological tagging program
resulted in representations to MacMillan & Bloedel to provide
additional flow in the Nanaimo River at low stages to provide
for spawning, ete., after diversion of water for the pulp mill
supply. As a result a storage dam was constructed at fourth
Nanaimo Lake above the upstream limit of salmon migration to -
provide required flows. Fixed screens were designed for a
pumphouse intake on the river to prevent entry of fish,

Flows are considered adequate for present, no assessment of
screen.efficiency to date., Recent reports indicate that the
Company is now underteking preliminary studies with a view to
increasing the capaclty of the diversion facilities. If, and -
when, construction is to be proceeded with, considerable modi-
fication of the existing pumphouse might be. required in order

'to accommodate the additional screening vhich will be required.

Preliminary assessments indicate that the increased diversion
need not interfere with'fisheries flows downstream.

Manuscript report on tagging program, Department of Flsherles
files. |

June 1, 1958 .
Revised December, 1961 ‘



DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

Subject $” Nanika-River Hydro=Electrigc Powor Divergion;

" Pﬁrgosé" : To determine the fisheries problems created by the proposed

diversion of the Nanika River into Tahtsa Lake by -the Aluminum
Company of Canada, Ltd., and to recommend possible solutions
to those problems.

Duration ¢ 1949, continuing.

Location ¢ Nanika and Morice Rivers, near Houston, B.C.

Cooperating ' o : A ~ '
Agencieg "1 International Pacific Salmon Fisheriss Commission, Fish and Game
~ Branch, Fisheries Research Board of Canada, Skeena River Manage-
‘ment Committee.

In Charge :: C.H. Clay, R.E. MoLaren, R.A. Crouter,

‘Personnel s Engineera, biologists and up to eight technicilans.
"Cost & 1949-1961 - $35,000,
-Results t Biological surveys on the Nanika and Morice Rivers have located
' the main spawning areas, timing of the runs, etc. Engineering \

surveys have been carried out to map the spawning areas, cross-
section and profile the streams, etc. During investigations it

~was found that the sockeye escapement to the Nanika River in the
last seven years had declined from 70,000-100,000, to 1000-5000 ~ °
fish. With the final obstruction in the Bulkley River now removed -
(Hagwilget Canyon, 1959) a'10-year rehabilitation program was

put into effect in 1960. . This rehabilitation program includes

a $150,000. -hatchery constructed near the mouth of the Nanika

River during 1960 and thorough biological study and management

of the river system.

Agsgessment No decision to proceed with the Nanika River Diversion has been
-~ made by Alcan to date., Fisheries agencies have ascertained that
the main sockeye spawning grounds of the Nanika River would be lost
by the diversion unless suitable fisheries flow releases were pro-
vided. The major rehabilitation program now under way ensures that
the value of the sockeye spawning grounds will be maintained in
the future,

‘Reports ¢ Nanika River Report, Dept. of Fisherles, 1949 (Mimeo). Submission

Presented by the Department of Fisheries of Canada to the Comptroller -

' of Water Rights, B.C. Department of Lands at Victoria, B.C., October
- 31, 1949, Respecting the Application of the Aluminum Co. of Canada
- Ltd., for Water Licences on the Nechako and Nanika River Watersheds.

The Utilization of Spawning Grounds on the Morice River System by
Sockeye Salmon, E.H. Vernon, 1951, B.A. Thesis, University of B,C.
Report on the Fisheries Problems Created by the Development of
: Power in the Nechako = Kemano - Nanika River Systems; Canada, Dept.
‘of Fisheries, Fisheries Research Board of Canada and the I.P.S.F.C.,
1951 (Mimeographed). .Unpublished data on files

June 1, 1958 .
- : . '_ . Revised December, 1961
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DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

?

Subjebt ¢ Hydro-Electric Pover Development on the Kemano River.
Purpose ¢t To assess the possible effects the diversion of ﬁatér from the

Nechako River system into the Kemano River would have- on ‘salmon
populations in the Kemano River.

Duration : 1950, continuing.

Location ¢ Kemano River, near Kitimat, B.C.

In Charge . : C.H. Clay, W.R. Hourston. A )

Cooperating

Agencieg . :

Personnel . ¢ Engineers, biologists and technicians.

Cost : $20,000. |

Regults ¢ An engineering survey in 1950 establlshed 8, traverse up the Kemano
valley from which control for aerial photography enabled the ,
supply of a detailed map of the river. 'A biological survey team
located the major ‘salmon spawning areas with the aid of these
maps, and it was ascertained that a large portion of the spawning
areas of several species of salmon occur between the Alcan power-
house site near Horetzky Creck and the mouth of the Kemano River. -
When power diversions reach their ultimate stage of 9000 cfs.,
increases in river velocities, depths and.scour could be severely

adverse to the maintenance of spawning in this reach.

Assesgmggi‘ ¢ Discharges of the Kemano River near 1ts,mouth before Nechako River.
‘diversion varied from 80 cfs. to 28,000 cfs. The Kemano power-
house presently has 7 turbines ingtalled, however only 4~5 units
are operating at one time, giving a total powerhouse discharge of
up to 2750 cfs. Biological inspection has not detected any
adverse effects on salmon to date, however studies will be con-~
tinued as further power diversions occur. _

¢ Report on the Fisheries Problems Created by the Deve10pmentf6f

Reports C : en
. Power in the Nechako-Kemano-Nanika River Systems;. Department of
Fisheries of Canada, The Fisheries Research Board of Canada, and
the International Pacific Salmon Fisheries Commission, 1951 (Mimeo).

Biological Survey reports and other unpublished data, Deparbment
of - Flsherles.

June 1, 1958
Revised December, 1961
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(1) .

.A . ;

DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

Hydro=Electric Power Development on the Nechsko River

To assess the effects of the diversion of the headwaters of
the Nechako River by the Aluminum Company of Canada on the
maintenance of gpring salmon in the Nechako River, and to re-
commend protective measures.

1950, continuing.
Nechako River near Fort Fraser,

C.H. Clay, W.R. Houréton, R.E.McLaren, R.N. Gordon.

Interngtional Pacific Salmon Fisheries Commission.

Engineers, biologist, techniciens and casual labour.

1950 =~ 55 $25, 000,
1956 -~ 58 2,000.
1959 to date 950,

Investigations indicated that the Nechako River spring salmon
spawning grounds above Fort Fraser could be seriously affected by

the proposed diversion. It was concluded, however, that a stsbilized
flow during the spawning and incubation period could maintein g
substantial portion of the run.

Construction of a temporary dam on the Cheslatla system created
storage which was used for fisheries purposes during the period when
the Nechako reservoir was filling. 1In 1955, when full storage level
was reached, Nechako flows returned to near-normael levels. Since that
time the spawning grounds have experienced heavy siltation as a result
of erosion in the Cheslatta spillway route, and these effects have -
been reflected in an apparent decline of the run. Recent observations
indicate, however, that the Cheslatta spillway charnel is becoming
more stable, and the resulting decreases in siltation on the Nechako
spavning grounds gives cause for some optimism that the runs will
return to nesr-normal. ‘

Report on the Fisheries Problems Created by the Development of Power
in the Nechako-Kemano-Nenika River systems; Department of Fisheries

of Canada, The Fisheries Research Board of Canada and the Internation-
al Pacific Salmon Fisheries Commission, 1951, (Mimeographed).

Supplement Number 1 to above report. Temperature changes in the
Nechako River and their effects on the salmon populations; Canada
Department of Fisheries, I.P.S.F.C., 1952, (Mimeographed).

Annual Survey Reports and: other unpublished data, Department of
Fisheries, Canada.

June 1, 1958
Revised December, 1961



DEPARTMENT OF FISHERIES, CANADA - L
Fish Culture Development Branch : e

Subject - Quegnel R;zg;__yﬁ;g:__egtrlc Powver Develogmggt'
Purpose A ¢ . To ascertain the flsheries problems associated with the proposed. ;
.. ’ power developmcnt on the South Fork of.the Quesnel River. ‘
. ‘Duigtlon : 1950,
:. Location :-Quesnel River system near Likeiy, B.C.

ﬁ In Ghnarg\gl" : C.H., Clay, W.R.-Hourston, R.E. McLaren. . -
Cooperatigé TR o N ' |
- Agencies ¢ International Pacific’Salmon Fisheries Commission.

Personnel ¢ Biologist, engineer, student assistants. . o . - A
" Cost : 43,500, . | § . ,
Results 2 Results of the investigation showed that the, major portion of’ the

"spring salmon population migrating to the system select the South
Fork in preference to the North Fork. The analysis further showed .
that a power_development in the North Fork would have no appreciable
: effect on the present spring salmon population. On the -othér hand, - °
YU ) .- a-development on the South Fork would pose several serious problems

o : to the migration and spawning of spring salmon.

—

. Assessment Because of the flsherles problems associated with a development on the
. ’ South Fork, the B.C. Power Commission considered a possible develop-
‘ment on the North Fork (Cariboo River) but have, for the present at -
_least, abandoned plens for developing this stream. Further studies -
on the Quesnel System are being carried out by the Fraser River Board.

~1. Quesnel River Report, Department of Fisheries, 1950 (Mimengaphed)J\

_Repgrts

2. Interim Investigation into measures for Flood Control in the ,
- Fraser River Basin, June, 1956 Fraser River Board,

3. Preliminary Report on 'Flood Control and‘Hydro—electric Powef in
“the Fraser River Basin, June, 1958, Fraser River Board.

| | -  June 1, 1958
- . K o K Revised December, 1961
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DEPARTIMENT OF FISHERIWS, CANADA
Fish Culture Development Branch

Subject :. Exgraullc Model Studies oi the Proposed Figh ays for | Morlcetown
Falls, near Smithers, B.C.

-~

© Purpose : (a) To study the single jet vertical slot fishway of six—fooﬁ
 width,
(b) A study of three model denil type fishways.
Dugation . : 1950.
Location ¢ U.B.C. hydraulics laboratory, Vancouver, B.C.

In _Charge : M.H. Campbell.

Cooperating ’ ‘

Agencies :

Personnel ¢ One engineer and one technician. '
- Gost : $2,800. |

Results : (a) From the single jet vertical slot fishway with a six-foot

width, characteristics and limitations were developed for the
following: pilasters;,sills; pool lengths, head drop, and
slope; length of nose of central column; width of slot; gate
opening; and entrance channel considerations.

(b) From the three Denil ﬁddels tested, each design had its |
limitations and disadvantages, it was felt that by modifi-
cationsg thereof, prdcthdl des1gns could be produced.

Assegsment @ Two single jet vertical &l ot fishways were designed and
constructed at Moricetown Fallg in 1951, These fishways have
operated successfully since their installation.

Fishway Model Experiments, Canada, Dept. of Fisheries, 1350.
(Mimeo).

&
®
o]
o
I

June 1, 1958
Revised December, 1961
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 DEPARTMENT OF FISHERIES, CANADA .~ . °
-Fish Culture‘Development Braneh ' ’

1951.
Westroad River near Nazko, B.C.

R.E., Mclaren,

Biologist; student‘aseistant.
$2,000,

Preliminary data relating to the migration and spawning of

. spring salmon ih the river system was collected. -.The lack ~

of information: concerning the proposed development pro=~ -
hlblted a complete- enalysis of the fisheries problems.

The B.C. Power Commission have not shown any further 1nterest

in this system as a source.of hydro-electrlc power.

Blackwater River Report Department of Flsherles, 1951
(Mlmeographed) ‘ o ) -

. .

* June 1, 1958 -

' ggtrogg QBlggkw&te_) River ng;ozgl g ip Fover. Dexelgpment.

'To ascertain the fisheries problems assoclated with a prOposed
'power development on the Westroad (Blackwater) River.
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7. - i A 12 -
DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch
Nicolag River Irrigation Diversions.
To investigate juvenile salmoﬁ losses in irrigation diverasions
on the Nicola River and to design and test suitable screenlng
devices. :
1951 - 1958.

Nicola River, near Merritt, B.C.

R.E. McLaren, L. Edgeworth.

Biologist, engineer, techhicisns.

1951 - 58 #$12,000.

The various irrigation diversions of the Nicola River were
sampled and an index was developed to permit a quantitative
comparison of the mortalities in the respective ditches.

Two types of self cleaning screens have been installed: a
rotary type screen similar to those in general use in Washington
State, and a flat perforated plate screen which was developed

in California.

Results of tests conducted on these two types of screening
devices revealed that with certain modifications to the bypass
and to the approach velocity the screening efficiency could be
greatly increased. '

Several operating and maintenance problems are apparent with
each screen but each screen has served the purpose for which
it was designed. Considering the advantages and disadvantages
of each type of screen, the rotary screen was found to be
superior for general use in irrigation ditches in the Nlcola
Valley. -

Mimeographed reports of surveys on file.

June 1, 1958
Revised December, 1961
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DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

Subject ¢t Water Supply for Alcan Kitimat Sﬁelter.

Purpose ¢ To design a fixed screen for the cooling water supply to the
Kitimat Smelter to prevent entry of downstream migrant fish.

Duration : 1951,

Location : Kitimat River.

In Charge ¢ C.H, Clay.

Cooperating .

Agencies :

. Personnel ¢ One engineer, one biologist.

Cost t $500. i
Results ¢ Design of a fixed plate screen to prevent entry of small fish

to cooling water supply for smelter. Ensure low enough |
approach velocities to permit downstream migrant fish to
- continue migration downstream.

-~

' Assegsment : No assessment of screen efficiency to date.

Reports

: June 1, 1958
Revised December, 1961
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DEPARTMENT OF FISHKRILS, CANADA
Fish Culture Development Branch

Fish Facilities for Tobigue Narrows Dam, Tobigue River,

New Brunswick, -

To advise and assist in developing fish facilities for an 80 ft.
hydro-electric power dam on the Tobique River, tributary to the

St. John River in New Rrunswick.

1951-52.

Tobique Riﬁer, New Brunswick.

Turbine mortality assessment 1959-60.

C.H. Clay, W.R. Hourston, M.C. Rell (Consultant).

2 engineers, cne biologist.

$1,000.

i

(not including turbine mortality studies).

A poverhouse collection system and weir-type fishway to pass
Atlantic salmon and shad upstream over the dam was constructed
and put into operation in the Spring of 1953.

Annual counts et the fishway indicate passage is successful

for Atlsntic salmon of all sizes.
counted in 1953,

A total .of 4600 salmon were

No tagging or other programs have been
implemented to assess deley or mortality.

An assessment of the mortality to downstream migrant salmon in
- their passage through the 13,500 hp Kaplan turbines at the site
was conducted during 1959 and 1960 by biologists from the -
Maritimes Area Fish Culture Branch staff, Results of the 1960

tests on Atlantic salmon fingerlings at rated generator load in-

dicate a mortality of 16.5% for 3} to 54 inch=long fish, and

23k for 5% to 8 inch-long fish.

1. Canada‘'s Highest Fishway, Trade News Vol. 6, No. 7, Jan, 1954,
Ottawa, Ontario.,

2. 1959 and 1960 Mortality Tests, Tobique Narrows Dam by Neil

MacEachern.

(Typed).

June 1, 1958
Revised December, 1961
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A 15

DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

Kokish River Hydro-Electric Power Development

To study the salmon spewning grounds of the Kokish River and to
recommend solutions to the fisherles problems posed by the power
development. B

1952 and 1957.
Kokish River near Begver Cove, Vancouver island.

C.H. Clay, W.R. Hoursten, E,W. Burridge, D. MacKinnon,

Fish & Game Branch.
Engineers, biologists and technicians.

$ 500.
2,500.

1952 =
1957 =

The salmon spavning grounds of the Kokish River System were found

to be located below the proposed 'site of the B.C. Power Commission's
powerhouse. Protection of the spawning grounds below the powerhouse
would have to be congidered in the event of plant shut~down.

Department of Fisheries withdrew their objection to the water license
on the condition that a bypass valve be included st the powerhouse
capable of discharging 170 cfs under minimum head conditions. While
the Power Commission apparently is still interested in the eventual
development of this site, no action has been taken as yet, nor have .
there been any announcements as to when construction might be
initiated. ‘

Summary reports on files of the Department of Fisheries.

June 1, 1958
Revised December, - 1961
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DEFPARTIMENT OF FISH:RIES, CANADA
Fish Culture Development Branch

Subject : Okanagan Flood Control FProject.

Purpose : To assess the.effects of a proposed flood controlzproject'on
the spawvming grounds of Columbia River sockeye salmon and
devise necessary fish facilities.

Duration .4 1952 - 1957. Assessment continuing.

Location ¢ Okenagan River between Vaseaux Lake and Osoyoos Lake.

In Charge : W,R. Hourston, C.E. Clay, K.C. Lucas, E.W. Burridge.

Cooperating

Agencies : U.S. Fish and hlldllfe Serv1ce, Washington State Dept. of
Fisheries. ,

Personnel ¢ 2 biologists, 2 englneers and up to 6 fleld assistants.

Cost, s $22, OOO. (not including hydrauljc model studies reported in A23)

Results : Sectlon "B" of the flood control project was modified to permit .

retention of existing spawning grounds. In Section "C", design

of 12 drop structures was modified to provide for passage of adults
to spawning grounds. Water requirements during spawming, incubation
and fry migration periods were outlined for consideration in con-
nection with the operating schedule of project.

Assessment ¢ Project completed in 1957. Field studies indicated water con-
- ' ditions over spawvning grounds satisfactory to date.- However, a

recent analysis of hydrometric records kept continuously since
1915 shows that despite improved storage potential, scheduled
minimum river discherges for salmon propagation could not be main-
‘tained if 1928-32 drought conditions prevailed again in the future.
Since project completion the drop structures in Section "C" have
been subject to deliberate blocking by local farmers during the
Summer season to rzise water levels in the river channel in order to
provide sub-irrigation of adjacent lands. This practice blocks L
salmon migration; however, schedules have been worked out with
local authorities whereby the obstructions are removed prior to
salmon migration in September.

1

‘Reports : 1. The Salmon Problems Associated with the Proposed Flood Control
Project on the Okanagan River in British Columbia, Csnada: U.S.
Fish and Wildlife Service, Washington State Department of
Fisheries, Do“artment of Fisheries, Cansda, 1954 (mlmeographed)

2. The Okanagan- River Flood Contrel Project, C.H. Clay, 7th Tech.
Mtg., Athens, Int. Un. Consv. Nature, Brussels, Vol. 1V,
pp. 346~351, 1960. : :

~

- June 1, 1958
Rev1sed December, 1961
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DEFARTMENT OF FISHIRIES, CANADA
Fish Culture Development Branch

ﬁpawninﬁ Ground Characteristics = Qkanagan River.

To determine the physical characteristics of the spavming grounds
utilized by sockeye sslmon in the Okanagan River znd to design

and supervise the construction and testing of an experimental

channel based on the criteria established, This project was
related to the establishment of artificial spawning grounds in

-the Okanagan River in the event the existing grounds were

destroyed by the proposed Flood Control Froject.
1952-1954,.
Okanagan River near Oliver, B.C.

K.C. Lucas and %.R. McKinlqy{

U.S. Fish & Wildlife Service, Washington State Dept..of
Fisheries.

2 engineers, 1 biologist, 2 field assistants.
#1, 000,

Data on the water depth, velocity and gravel size of spawning
areas in the river were collected during the 1952 spewning period.
An experimental channel was de51gned with a gradient varying from
2-6'/1,000, width 20 feet, depth 1-1} feet, and velocity 1-3 f.p.s.
The channel, 1,200 feet long, was constructed by the Departiment

of Fublic works in the summer of 1953. Special observations on
the numbers of sockeye salmon entering the channel and the -ares,

- selected for spawning were made in 1953 and subsequent years.

In 1953 only 245 salmon spawned in the channel. Assessment in-
dicated that the chsnnel was not constructed to specifications.

The gradient averaged 6'/1,000 and the velocity averaged Z4 f.p.s. -
It was also indicated that to function properly headworks to

control dlscharge would be necessary. OSince the fisheries problems -
related to this project were resolved no further 1nvest1gab10nsof '
this type of fac111ty were carried out.

Details reported in "The Salmon Problems Associzted with the
Proposed Flood Control Project on the Okanagan River in British
Columbis, Canada'". U.S. Fish & Wildlife Service, Washington State
Dept. of Fisheries, Dept. of Fisheries, Canada, 1954. (Mimeographed).

June 1, 1958
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DEPARTMENT OF FISHERIKES, CANADA
Fish Culture Development Branch !

Duncan Bay Pulp Mill Water Supply.

To deaign fixed screens and a bypass to prevent entry of dOWne'
stream mlgrant salmon to the Duncan Bay pulp mill water supply
intake, situated on the Campbell River. :

1952.
Near Campbell River, B.C.

C.H. Clay.

Engineer, biologist. .

‘$1,000.

Design and installation of a fixed screen at the pumphouse some
distance from the Campbell River to prevent entry of downstream
migrant fish. Design of a bypass to carry fish back to the
river from the face of the screen.,

Screen and bypass effective for intended purpose. Company is
now undertaking feasibility studies in connection with a pro-
posed mill expansion requiring additional diversion of 65 cfs.
If this proposal is implemented, either a new intake or exten-
sive modifications of the sexisting structure will be required.,

None.

June 1, 1958 .
Rev1sed December, 1961
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, _ CA19
DEPARTMLNT OF FISHERIES, CANADA '
FlSh Culture Development Branch -

- Eish ac'litie “for Cleveland'dam,on the?Capilano-Rﬁvérii:“' :
’To prov1de figh facilities for the upstream passage of COho L
'Salmon and ‘steelhead trout over "the: Cleveland dam.u\;

Design 1952 - 53
- Construction 1953 = 54 -
_ Operation j'm 1954 - Continuing

costs.
.operation which might prove necessary in the future. 'The~ . -
. Water Board ‘was ‘provided. with. details .of - the functional design
~jrequirements and carried out -the structural. design.v

B. C. Game Commission, Creater Vancouver Water Board.,; o

lThree miles above the mouth of the Capilano River and

immedlately below Cleveland dam. .

C H.- Clay, W.R. Hourston, L..Edgeworth )

‘One engineer, one biologist..v,

1952-54 915,000.

'Trucking facilities were selected as being the most suitable

method for pa551ng adults upstream over the dam after con- °
sideration of the height of the dam, the:size of the run and
Trucking facilities were also adaptable to a. hatchery

Construction

..of" the figh facilities Was completed in 1954 at a cost of

' :over the dam.

.-
.

nf$29o,ooo.-

*Observations of thls operation between 19“4 and 1957 indicate )

that the facilities are.adequate.to pass the upstreem migrants'f o
The" mimbers, of adults- which have been trucked .
around the dam are’ as fol]ows. N : : .

3011 =.'-".11958'

1954 - - 3884 .
1955 '~ 5136 . 1959 = 2785,

- 1956 =~ 1923 . 1960 &' 3663

T 1957 - 5064 ' 1961 =~ 2108

_ _Planning nnadromous Fish Protection for PrOposed Dams, W R. .
U .Hourston, C.H. Clay, L Edgeworth P.A. Larkin, E.H. Vernon,« .

R.Ge McMynn. Transactions iof ‘the Twentieth North American -
Wildlife Conference, 1955. ¢ Published by the Wildlife Manage-

. ;ﬁ ment Institute, Wire Building, Washington, D. C

oy June 1,"1958 *
T Rev1sed December, 1961 _ﬂ
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Puntledg River ngro-ulec

To 1nvest1gate the fisheries problems associsted with the de-~

N

DEPARTMENT OF FISHERIES, CANADA - -
Fish Culture Development Branch

/

¢ Power Develgpment

A 20

velopment of the hydro-electric potential of' the Puntledge River
by the B.C. Pover Commission and to recommend methods of over-~ |

coming these problems.

1952 to 1958 and continuing.

4

Puntledge River near Courtenay, B.C.

C.H. Clay, W.R. Hourston, K.C. Lucas, D. MacKinnon, R.N. Gordon.

B.C. Power Commission, Fish and Game Branch.

2 engineers, 2 biologists and up to 5 technicians.

1953
1954
1955

1956

1957

The fisheries problems posed by this pover development can be

% 9,800.
19,900.
36,500,
27,9000

© 56,600,

1958 - §61,500.

1959 - 42,100.

1960 - - 12,600. C
1961 - 4,,00 '

1953-61 incl. total = %271 400.

grouped into four main categories: passage of downstream migrants
- into the power intake, passage of upstream migrants beyond the
poverhouse, passage of upsiream migrants over the diversion and
storage dams, and maintenance of minimum flows for migration,

spawvning, incubation and rearing.

The Department has made the

following recommendations, to the B.C. Power Commission to pro-
- tect migratory fish: a louver screening system at the intake to
prevent entry of downstream migrants; a barrier dam, fish
collection and trucking system below the powerhouse-to transport
upstream migrants from the powerhouss to the upstream side of

.- the diversion dam; a fishway over the new Comox Lske storage dam;
and a schedule of minimum flows for each reach of the river.,

The B.C. Power Commission completed construction of a #100,000
pool and weir type fishway at their new Comox Lake impounding

dam in 1958.

No decision has been made to date to install the

louver system or fish collection system which are estimated to
cost - $720,000.

The Fisheries Probiems,Associated with the Power De%eloﬁment of
the Puntledge River, Vancouver Island, B.C. Department of

Fisheries, Canada, 1958.

Mimeo report 44 rp. 15 Appendices.

June 1, 1998
Revised December, 1961
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DEPARTMENT OF FISHMRIES, CANADA
Fish Culture Development Branch -

! N

Theodos1a Rlver hzdro- lectr;c Power er Diversion,

RS S

g
=2
ra.
Q
ot

To determlne the minimum flow quulrements in the Theodosia
River below the proposed diversion dam of the Powell River '
Company Ltd. :

g
o
:
16
13

Duration : 1952 - 1954.
Locetion ¢ Theodosia River near Powell River, B.C.

In Cherge C.H. Clay, R.N. Gordon.

Cooperating N ' ’
Agencies : Water Resources Div., Pept. of Noruhern Affairs and Naulonal
Resources; Fish snd Game Branch.’ v
Pergsonnel t Engineer, Biologist, local Fishery Officer.
Cost : $2,500. )
Results ¢ The dam with a sluice gate to spill'the flows specified by
the Department of Fisheries and the pertinent diversion canal
to Olson Lake was completed -in 1956,
Asgessment ¢ Peak flows of the river are now diverted through the canal. into
- Powell Lake thus reducing scouring of the main spawning grounds
in the Theodosia River.
The co-operation of the Powell River Co. in regulating the spill
from the dam has been satisfactory to date and no losses to
- spawning fish have been noted.
Reports : Frelininary Report on Effects on Sport Fisheries of a Proposed

Diversion of Theodosie River by the Powell River Co. Ltd., B.C.
Game Commission, 1952 (MlmeOcraphed) _

Unpublished data on file.

June 1, 1956
Revised December, 1961
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A 22

' DEPARIMENT OF FISHERLES, CANADA . - oo
Fish Culture Development Branch ‘

Hydraulic Model Stugieg for Karmutgen Fglls Fishway.

To “simulate verious designe of roughened rock cuts, so
designed as to act as baffles of a denil-type fishway.

1952, . -
University of British Golumbia. ‘

M.H. Campbell.

o
Engineer, technician.' .

$2,000.

The model found most suitable was one with the paired pro-
jections with fishway runs 20 feet in length separated by,

rest pools 10 feet in length.

A further test was madé with a tbpographic model of Karmutsen
Falls with this type of fishway incorporated.

A fishway of this type was’ constructed on the right bank around
Karmutsen Falls, near Englewood, B.C., in 1952. Fish passage
has been reported as satisfactory since the fishway was
installed.

Unpublished date on file.
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A 23
DEPaRTHMENT OF FICHERIGES, CANADA :
Fish Gulture Development RBranch -

S e ¢ St e L e e

passa ;e facilities for the Okana:an rlood Control P1o1ect

-,

To determine the hydraulic characteristics of the 13 three-foot
vertical drop structures planned for the Okanagan Flood Control
Project and to design and test suitable upstream fish passage
facilities over the structures for Columbia River blueback
(sockeye) salmon.

1953. Assessment 1958 - 60.

University of British Columbia, Vancouver, B.C.

.C.H. Clay, K.C. Lucas.

B.C. Dept.. of Public Works, Dept. ofnPﬁblic Works, Canada.-
U.S. Fish and Wildlife Service, Washington State Dept. of

- Fisheries.

Two engineersz, one technician.
$2,000.

A 1/10th-scale model of the fres overfall type:drop structure-
designed by the flood control suthorities was tested and found

to be unsatisfactory for safegudrdln the proposed flood control
channel from erosion at high discharges. A 1/25th=scale ‘model.
was then built from which evolved a six-notched breastwall type
of drop structure which corrected the faults of the first design.
Two types of upstream fish passage facilities were tested in, this
model: one, a conventlonal vertical-slot fishway on each shore;-
and the other, two weirs in the stilling basin to break the water- .
surface drop into three parts, each of which would be passable to
fish. The latter method was recommended as the mest ‘satisfactory
method of providing for upstream fish passage as the whole drop
structure constituted the "flshway“

A satisfactory design of drop structure for erosion ‘contrel was
evolved through hydraulic model testing, and the simple addition
of two weirs in the stilling basin to ease the upstream passage
of fish made the drop structure design quite acceptablzs to the
fisheries agencies concerned. Field tests have shown the drop
structures to be operatlng satisfactorily and conforming to model
predictions.

.Model Studies of Proposed Drop Structures and Fish Passage

Facilities for the Okanagan Flood Control Project. K.C. Lucas,
Dept. of Fisheries, 1954 (Mimeo).

June 1, 1958
Revised December, 1961
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A 24
! . .
_ DEPARTISNT OF FISHBRIES, CAMAD.
. TFish Culture Development Branch

Seton Creek H hzdro:@nggtriq_Power_yevelopﬁent;
To investigate the fisheries problems which would be created by
the B.C. Electric Company's Seton Creek hydro-electric power
development, and to recommend remedizl measures. .

1953=54.
Seton Creek, near Lillooet, B.C.

C.l. Clay, W.R. Hourston.

International Pacific Salmon Fisheries Commission.
Engineer, biclogist, techniclans.
4., 000,

The B.C. ilectric Company provided a fishway in the Seton Creek
dam to provide for the upstresm migration of runs of sockeye,
pink, spring end coho salmon, and steelhead trout. The fishuway
design was based on hydraulic model studies carried out at the
U.R.C. hydraulic laboratory by engineers of the I.F,3.F.C. in
cooperation with engineers of the Department of Fisheries.

In order to protect pink-sglmon which spawn between Seton Dam
and the mouth of Seton Creek, the B.C. Electric Conpany agreed
to release a minimum flow of ACUO cfs during the spawning period
and 200 cfs during the incubation period.

The timing of the downstream fry and smolt migrations was deter-
mined by biological sempling progrzms so that the timing of con-
struction in the stream bed could be arranged without causing
harm to the fish.

The fishway constructed in the Seton Dam by the B.C. Llectric

 Company has overated satisfactorily since its completion. The

Company has cooperated fully with the fisheries agencies in
supplying the agreed ninimun flows in Seton Creek. B
The Company and its contractors arranged the construction schedule
of the project so that a minimum of damage would occur to the
fishery.

Report on Model Studies of Proposed Fish Frotective Fecilities
for Seton Creek Dam, by 4.C. Cooper and W.E. Roresky, I.P.S.F.C.,
1953 (typed). :

Unpublished dataz on file,

June 1, 1958
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A 25

" DEPARTMENT OF FIbHJRIES, CANADA
"Fish Culture Development Branch

Columbia-Fraser Hydro-Electric Power Deyelopment.

To study the fisheries problems that would arise as a result

of the construction of 10 dams on the Fraser and Thompson

Rivers to utilize the hydro-electric potential of water _
diverted from the Columbia River. .

1953-1955.
Fraser and Thompson Rivers.

C.H. Clay, W.R. Hourston, R.b. tharen, R.N. Gordon.

International Paclflc Salmon Fisheries Comm1351on, B.C.. Fisherles
Department and Fish and Game Branch. .

3 biologists, 2 engineers, techniclan.
$10, 000.

It was concluded that in spite of the provision of the best
modern fish-protective facilities, the proposed scheme would
destroy a valuable segment of the Skeena.River Sockeye salmon
fishery and would preclude the preservation and extension of.

all the salmon and steelhead runs originating in the Fraser and
Thompson Rivers upstream from the proposed dams, The dams would |
delay the upstream migration of adults and kill a large proportion
of the seaward migrants. Other. problems would be created in
relation to spawning grounds, stream and lake temperatures and
ecology, and fry migration.

Further field studies have been carried oul and are planned with
reference to timing and distribution of specles spawnlng up=-
stream of Hope. -

A report on the Fish Facilities and Fisheries Problems Related
to the Fraser and Thompson River Dam Site Investigations, Ganada
Department of Flsherles, I.P S.F.C., 1955 (Mlmeographed)

June 1, 1958
Revised December, 1961
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. A 26
DEPARTVMENT ,OF FISHERIES, CANADA
. Fish Culture Development Branch

Flsh-passag Fa01llthS for Beechwood Dam _Saint John River,
New Brunswick, ‘

To design suitable facilities for passage of upstream migrant
salmon around the proposed 68-foot head hydroelectric dam. at
Beechwood.

Design carried out at intervals throughout 1954.
! [ !

On the Saint John River‘near Beechwood, New Brunswick, sbout 100
miles north-west of the City of Fredericton.

/

A.L. Pritchard, R.N. Gordonm.

1 engineer..
$5,000.

Fishways at the site were iwmpractical on account of poor found--
ations and possibility of continuing settlement problems. The
alternative facilities chosen consisted of a powerhouse collection
system, holding pool, brail pool, brail, and an inclined trackway
to convey the brail to the top of the dam. .

Facilities came into operation in 1957 and éince that time runs
of over 2,000 Atlentic Salmon have been passed upstream each
year. However, these counts are only about one-guarter to one-third:

"~ of the estimated runs past this point prior to dam construction.

Some success has also been experienced in passing gaspereau
(alewives) and shad.

1. Beechwood Development, Trade News Vol. 10, No. 9, March 1958,
and Vol., 14, No. 1, July 1961, P.1ll., Ottawa, Ont.-

2. Beechwood Fish Hoist, by J.D. benovan, Technical Session,
E.I.C. Annual Mtg., Juns, 1961

June 1, 1958
Revised December, 1961
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. DEPARTMENT OF FISHERIES, CANADA
Fish Culture,Development Branch

Subject s Cheakamus River dero—Electric Poyer Develonment.
Eurpose ¢ To determine the flsherles problems created. by the B, C. Electric )

hydro-electric power development on the Cheakamus River, and to
recommend possible solutions to the problems. .. o

AQﬁratggg : 1954 - continuing.
Location : Cheakamus River near Squamish, B.C.
.gégggrating : :
Agencies ¢ B.C. Game Commission.
 In Charge : C.H. Clay, R.I. McLaren, L.-Edgeworth, R.A. Crouter.
Personnel ¢ Engineers, biologists, up to five technicians.
Cost : 1954 - 57  $25,000. ,
1958 - 19,000.
~-1959 16,000, ‘ '
1960 10, 000. ' S
w61 - 8,000. ’ S '
Results : It was concluded that the diversion of the Cheakamus River would .

seriously affect the salmon and trout populations if fisheries
requirements were not considered. Two alternate solutlond vere:
recommended to protect the fishery as follows.

1. Mainterance of flow over spawning grounds equal to the
mean of the historic low mean monthly flows. ‘
. _ ‘

2. Provision of artificiél spawning and rearing facilities.

The Cheakamus power plant commenced operation in 1957. The B.C. /
~Electric, chose to maintain a specified minimum flow over the
. spawning grounds rather than construct artificiel spawning and
rearing facilities.

Asgsessment - ¢ Observations and studies ofithe runs to the Cheakemus River ‘
since 1957 indicate that the flows prov1ded have been adequate
to maintain the runs.

Reports : A report on the Fisheries Problems Related to the Pover Deveiopment.
_ .of the Cheakamus River|System, Department of Fisheries, Canada,
1957 (Mimeographed).

o June 1, 1958
x ' Revised December, 1961
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A28
- DEPARTMENT OF FISHEHIEs; CANADA S : ;
Fish Culture Development Branch - -

Additional Water Storag__for Columbia Cellulose Pulp Mill,.

e e st

To determine the effect on the salmon runs of increased water
storage on the Kloiysh River watershed for the expansion of the -
Columbia Cellulose Pulp Mill.

.19)4

1959 - 61.
Kloiyah River Watershed, near Port Edward, B.C.

J.W. Stokes, R.N. Gordon.

Biologist, engineer, and fishery officer.
$1,700.

Production increases at the pulp mill in 1954 roqulréd that in- |
creased water storage be created on the Kloiyash River watershed.
Three possible sources which were studied by the Company, were:

1. The diversion of part.of the flow from Rainbow Leke, an ad-'
jacent system, into Diana Lake in the upper Xloiyah watershed.

2. The construction of a stordoe dam’ at the outlet of Diana
Lake,

3. The expansionloflﬁhe Prudhomme Lake reservoir by raising
the previous maximum storage level four feet.

The possible effect of each of these proposals on the fisheries
was determined and when the Company decided to implement alter-
native #3 it was agreed that storage levels during salmon spawning

. periods (in order to maintain spawning on the lower section of

tributary Diana Creek) should not exceed that. which had occurred

up to that time. In 1960 the Company implemented alternative #2.

In order to maintsin the coho populations during the rearing period;
and the sockeye and coho stocks during spawning and incubation.

the Company is required to malntaln a minimum flow of 15 cfs at the
mouth of Disana Creek

Stipulation of permissible storage levels in Prudhomme Lake
ensured that no spawning grounds would be lost through flooding.
Provision of a specified minimum flow in Diana Creek ensured that
adequate spawning, incubation, and rearing flows would be main-
tained in lower Diana Creek: ‘ :

Diana Creek Report, Dept. of Fisheries;‘l§54 (Mimeo).

June 1, 1958
Revised December, 1961
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DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

Subject : Crofton Pulp Mill Water Supply.

Purpose ¢t To ensure adequate flow for rearing of fish in the Cowichan

River and to prevent entry of downsiream migrants into the mill
water intske.

Duration . 't 1954 - continuing.

Locqtion : deichan River, near Lake Cowichan, B.C.

In Charge : C.H. Clay, K.C. Lucas, L. Edgeworth.

Cooperating

Agencies ¢ Fish and Game Branch.

Pergonnel s 2 engineers.,

Cost : $3,000.

Regults : Consultants for B.C. Forest Products developed the design of a

low storage dam, submerged except at low flows, which would in-
crease the low flow of the Cowichan River and improve conditions-
for rearing of salmon in addition to providing adequate water .
for operation of the pulp mill., A multiple fishway system spaced
at intervals across the dam was designed to provide access over
the 2 ft. head on the dam at low water stages. In 1960 one foot
high flashboards were added to the dam to provide adequate storage
for drought years. A fixed screen was included in the intake to
prevent the entry of small fish into the mill water supply. As

a result of heavy operating costs which were incurred in cleaning
the fixed screens, they were replaced with travelling screens

in 1960, '

ssessment ¢ Until the Summer of 1958, water conditions have been too high since

installation of the weir to assess its usefulness. However, with
the drought conditions in 1958, storage in Lake Cowichan proved to
be insufficient to maintain the agreed minimum flow at the weir

of 250 cfs. Summer flows were reduced by mutual agreement between
B.C. Forest Products and the Dept., however, conditions in the
Cowichan River were probably much better than if natural conditions
had existed. An assessment is being carried out to determine
whether the addition of the flashboards will affect the wigrstion
of fish past the dam. Although no assessment of the efficiency of
the travelling screensg has been made to date;, routine observations
would indicate that they are an improvement over the fixed screens,
particularly from a Company standpoint.

. Reports H Ungublished data on file.

June 1, 1958
Revised December, 1961
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A 30

DEPARTMENT.OF FISHERIES, CANADA !:
Fish Culture Development Branch = - ST

y

-

1

e S e et St o i AL LA

To. determlne the flsherles problems created by the proposed B i
diversion of the headwaters of the Yukon River to. the Taku
River watershed.

1954-1957.
Yukon River near Whitehorse and Marsh, Bennett and Tagish Lakes.

R.E. dMclLaren, R.N. Gordon.

Alaska Department of Fisheries; Fish and Game Branch, R.C.M.P.
Biologists? engineers and technicians.

1954-1957 -  $7,500.

Limnolodical data has been collecbed on: Marsh, Bennett and Tagish

Lakes, and biological data has been collected on. the tributary
streams. This data is currently being analyzed with particular

‘reference to the effect on the fisheries of the proposed. power

development.” The Fish.and Game Branch has completed a study on ~

Atlin Lake and that part of Tagish L.ke which is located in’ B.C.
Considerable data has been collected on the salmon .runs to

the Yukon and Teslin River system. The U.S. Fish end Wildlife -

'Service have also collected data on:the salmon runs as & part of -

their Yukon River Basin studies.
The Alaska Department of Fisheries have undertaken studiee
on the Taku River with particular reference to the possible

effect on the salmon runs from the proposed diversion.

The power company have apparently shelved the Yukon diversion
proposal and have directed their surveys to other areas further |
south. Insufficient data has been received from North West Power
Industries Ltd. to assess the-fishery problems.posed by the pro-
posed power development of the Yukon Rlver.

‘Unpubllshed data, Department of Fisheries.

A limnological survey of Atlin and Southern Tagish Lakes w1th >
spécial reference to their proposed use as hydro-electric
storage areas. I.L, Withler — Management publlcatlons No. 5 of

_the B.C. Game Commission. 1956.

Progress Report No. 1ll, 1956 field investigations fishery
resourceg of the Upper Yukon River Basin between Eagle, Alaska

. and Carmacks, Yukon Territory. U.S. Fish & Wildlife Service,

1958 (For Administrative use only).

)

June l, 1958
Rev1sed December, 1961
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A3l

. DEPARTMNT OF FISHERIES, CANADA .
~ Fish Culture Development Branch

Dovpstream Mortality Studies at Clevelsnd Dam on the Capileno

-Rlver.

-

/ v ' . ] .
To determine the mortality to downstream migrant Coho and Steel-
head passing over Clevelsand Dam on the Capilano River.. :

Cleveland Dam, Capilano River in North Vancouver, B.C.

Formerly E.H. Vernon, now R.A. Crouter.

Fish and Game Branch.
One biologist, five technicians., = -

1955 - .$6,000.. .
1956 - 4,C00.
1957 - . 4,000.
1958 - 4,000.
1959 - 3,500.
1960 - 3,500,

Tests were conducted through a range of discharges from 900 to
2,100 cubic feet per second. - The spillway on the dam is of the

‘drum gate type and two tests were made with the-gate raised 2.8

feete The percentage mortality was not significantly different
in any of the tests conducted and the results from the test years
1955 and 1956 have been combined to calculate a mean mortality

.of 57 percent to coho migrants and 69 percent for steelhead

migrants. Since 1956 the study has been regtricted to one of -
long term assessment of adult return and smolt production.

The results indicate that seaward migrant coho and steelhead
suffer a severe mortality in passage over Cleveland Dam. Smolt
assessment studies indicate that a significant degree of coho
residualism has been established’ in the reservoir. :

A report on the’ Effects of Cleveland Dam on Seaward Mlgrant Coho

~and Steelhead in Capilano River, 1953 - 1956 E.H. Vernon, and
W.R.- Hourston, 1957 (Mimeo). :

;. June 1, 1958 .
Revised December, 1961
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. DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch.

Subject H Mortalitles to_Dovmstream Mlgrant Salmon snd Trout at the -
‘ : Puntledse Powerhouse, )

’

" Purpose -

: To determine the survival rate among the downstream migrents
passing through the Puntledge River .powerhouse turbine.
Duration s 1955,
Location ¢ The B.C. Power Commission's Puntledge Rlver Hydro DeVClO“ﬂwnu
' near Courtsnay, Vancouver Island. . .
In_Charge : EJJ. Burridge, L. aogeworth.
Coonerating - : :
Apencies ¢ Fish and Game Branch, B.C. Power Commission.
Pergonnel : One engineer, thiee biologists and three technicians.
Cost ¢ 86, 900, ¢
Results ¢ I'ry and smolts were introduced into the plpeline at the forebay

and were recovered in a floating trap net in the tailrace.- Tén "
tests, each consisting of 1,500 live and 500 dead fish, were run.
The turbine tzsted was a verblcnl- shaft Francis reaction type
operatlng at a net head of 354 feet. The rumner setting is five
feet sbove minimum tailwatsr. -

o Dead fish were released with each group of lJve flah in 01der that
calculations could be made of the availability of the killed fish
to the recovery gear. -0f the fish killed dux 1ng thelr passage
through the turbine 757 to 86% had no visible injuries. The
results of the tests are as follows:

Size Group Species - Live . . Dead’ ', Final Calculatsd
- _— Recoveries Recoveries Survival Rate
4.9 inch Steelhead ' 3;5% 3.9% ‘ 58.1%
2.7 inch Kamloops : 3.4% 3% - 72,5%
1.8 inch Kamloops ' 4 9% . 4.2p : 71.2%
1.4 inch  Salmon Fry 24 5% J.2° ‘ 67. 4%

Assesgment : Mortalities through the turbine at the Puntledve powerhouse pOLnt
up the néed for an investigation into methods of screening the
intake at the Puntledge d iversion dam to prevent the entry of fry

" and smolts.

Revorts - ¢ The Ficheries Problems Associatad with the Power Development of the:

Puntledvo RIVFP Vancouver Island, B.C. Department of Fisheries,
Canada, 1958 Mlmeo Report 44 pp. 15 Appendices.

© June 1, 1958
Revised December, 1961



DEPARTMENT OF FISHERIES, CANADA

. ' Fish Culture Development Branch .
Subject : Attruction of Upstreem Migrants to_the Puntledge Powerhog§§.
Purpose 3 To study the effect of the powerhouse attraction on the movement -

1

of upstream migrants in the Puntledge River, and to recomhmend
remedis]l measures.

Duration : 1955-1956.
Location : Puntiedge River near Courtensy, B.C.

In Charge ¢ E.W. Burridge.’

Cooperating .
Agencies ¢ B.C. Power Commission.

s}
]
ix]
0]
%
{©]
=3
L1 3

Biologist, two student assistants and casuals.

1955 $14., 200.
1956 8,700.

(]
o
0
- et

=]
@
[+
—
ct
16}

It became apparent in 1955 that upstream migrant spring salmon
vere atlracted to and delayed at the new powerhouse on the
Puntledge River. The existence of a counting fence end sampllng
station on the river upstresm of the powerhouse enabled an ,
eppraisal of the problem. Periodic flow releases in the river
combined with powerhouse shutdowns were shown to partially
alleviate the delay. The installation of steel gratings in

the teilrace over the drzft tube exits in 1956 reduced head

~ injuries to 30% from 565 head injured fish recorded in 1955.

* Assessment The program was successful in supplying information on the exist-

ing Puntledge River power problems. The program also aided in
developing a temporary technique used in attracting the salmon
migrents away from the powerhouse and up the main river.

Reggg&gv : The Fisheries Problems Associated with the Pover Development of -
‘ the Puntledge River, Vancouver Island, B.C., Department of
Fisheries, Canada, 1958. limeo Report 44 pp. 15 Appendices..

\ —

© June 1, 1958
Revised December, 1961
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| DEPARTMENT OF FISHERIES, GANADA. .. - - E
~Fish Culture Development Branch . - o e

." L
(S . . -

” Subject. S Frager River Board

- Purpogse @, To study effects on- fisheries of various schemes of hydro=

electric development ‘and flood control on the Fraser River.’fﬂ s

" Duretion  t 1955°= 1958, . - i
‘ . 1959 - continuing - includes studies by Fraser River Board. . }

Location . 5 Fraser River Watershed._ . ' )
'ln’Chargg -3 G H. Clay, L. Edgeworth, R.E. McLaren.

"Cooperating S ' L _ co - C
Agencieg : International.Pacific,ﬁalmon Fisheries Commission, Fraser River Board.

, fergonnel " : 3 éngineers, 2 biologists.

Cost * t 1955-58 - $ 20,000, '
' - 1958-61 =~ 130,000, (Fraser River Board)

Studies indicate that an’ integrated system of power development
“involving a series of high or low head dams on the main stem .-
~would eliminate the Fraser salmon runs under present conditions _
-of knowledge of fish facilities.’ Flood control might be possible

with limited hydro development and maintensnce of the fishery.

With respect to ‘the latter, surveys were carried out from 1959

through 1961 and will be continued in 1962 to obtain basic

biologicel data on salmon species which would be affected by ‘a
‘partial development of the Fraser River System. This partiel

system includes dams on the Clearwater and Quesnel Systems, Stuart
" 'Lake, and the Upper Fraser sbove Prince George ,

e

Assessment ¢ A report covering these 1nvest1gations will be submitted to the
‘ "~ Federal and Provincial Governments in 1963. This report will
‘include an assessment of the effects on the fisheries of the
. proposed dams as well as récommendations for the facilities
,  necessary to maintain the runs should the developments proceed.'

. -Reports s 1. Interim Report on Flood Control, Fraser River Board,
o . ' Victoris, B.C., 1956. :

2. Preliminary Report on Flood Control and Hydro—electric Power in
' the Freser River Basin, ‘Fraser River Board, Victoria, 1958.

3. Progress summary of fisheries investigations Fraser River
Board, 1961. :

. 4e Progress summary of ‘fisheries 1nvest1gations, Fraser River
Board, 1962 (Unpublished at ‘time of writing)

. A June 1, 1958 .
3 _ o ) Revised December, 1961.
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DEPARTMENT OF FISHERIES, GANADA ,
Fish Culture Development Branch

Subject = - + The Effectiven enens of the Johes Cr Jones Creek Artificisl Spauning Channel: .

Purpose T To assess the velue of the spawning channel for. the spawning'

and incubation of salmon and the maintenance of the Jones o
Creek salmon stocks. o , I

:“D ation ' =.1955 -‘continuing.
‘Location - Jones Creek near Laidlaw, B.C. )

- In Charge - :-W.R. Hourston, nov D. MacKinnon, L. Edgeworth

B (]
o
ct

gogpergting , _ .
Agencieg : Fisheries Resesarch Board of -Canada. ‘ -
$l8 000. o 1961, and’ $3,500. every alternate year in future,

1_Pgr§onnel 2 Biologists, engineers, technicians and caéual labour.

The firet spawning of salmon recorded’ in an artificial stream L
occurred in 1955 when 400 pink and lesser numbers of chums
spavned in the Jones Creek. spawning channel. - This was the. .

"remains of a run of 5,000 to 6,000 that spawnéd in Jones
Creek immediately prior to’ the development. As a result of
good conditions for incubation, survival -to fry for this

- 1955 pink run and its succeeding generations in 1957 .and 1959
were 38%; 37% and 63% respectively (4 to 6 ‘times the average

-\ - for natural streams). This good survival allowed the spawning
" run to build steedily from 400 in 1955 to 1,450 in 1957

to 2, 600 in 1959 and. finally to 5,000 in 1961

3 :n

Agggggmgnt B It has been concluded that this type of installation has ,
CaE - been successful in protecting the pink and chum- salmon rung - .
to Jones Creek.

. - Report "3 1, Use of an artificial spawning channel by . salmon, W.R, Hourston .
N - and D. MacKinnon. Transections of the American Fisheries
Society. Vol. 86, 1956, .

2, An Assessment of. the Jones Creek Spawning Channel 1954961, -
- D, MacKinnon, L. Edgeworth and R.E. McLaren. Canadien Fish
Culturist (in press early 1962) S :

- - | - June'1, 1958
. . _ o Revised December, 1961
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DEPARTHENT OF FISHERIES, CANADA
Fish Culture Development Branch

Subject : dero—Electrlc Power Develogment at Moran Dam on the Fraser River.

Purpose ¢ To study the fisheries problems that  would arise as the result

of the construction of a 700-foot dam on the Fraser River at
Moran, 25 miles upstream from Lilloost.

Duration s 1955-1958,
Location ¢ Fraser River near Lillooet, B.C.

In Charge ¢ C.H. Clay, W.R. Hourston, R.E. McLaren, R.N. Gordon.

Cooperating : . .
Agencies. ¢ International Pacific Salmon Fisheries Commission, Fish
o and Game Branch.

Pergonnel  : 2 biologists, 2.enginéers.
Cost : $5,000. direct expenses. Data aiéojused from.othéf‘investigaﬁions;
Results : It was concluded that due to the number of major fisheries

problems associated with the proposed project for which theré

was no solution available on the basis of current knowledge, the
runs of salmon and steelhead trout that would be affected could not-
be maintained at thelr ex1st1ng levels of abundance. -

- Assessment

: Studies continuing with reference to distribution and tiﬁing
of specieg ahove dam site area. . o :
Reports :

Unpublished data on file.

‘ June 1, 1958
‘Revised December, 1961
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. DEPARTMENT OF FISHLRIES, CANADA
) Fish Culture Development Branch-

Hyd,
_9_§hﬂate Wa&ezgheés

- To determlne the effects'of'hydfo-electrlc development on: the -
salmon populations of the Chllko-Homathko-Southgate River Systems.‘

'1955, 1957-60.

Homathko and’ Southgate. Rixers, Bute Inlet
Chilko and Taseko Rivers, bhilcotin Region.

Biologists,Vengineefs and teohniolansv

1955 - 8500,

" .1957-60 $18,500,

'Reconnaissance surveys of the Homathko and Southgate Rivers. -

were made in 1955 and 1957 and some spawning grounds located in |
these remote and glacial rivers, -In the Chilko River watershed. -
a’ reconnaissance survey made in 1958 was followed by more '
intensive surveys in 1959 and 1960 that determined the timing,
magnitude end distribution of the adult Chinook saliion runs and

~also sampled the Juvenile Chinook downstream migrations. 5

Obgervations indicate that determination of the spawning popu-~

lation on the Homathko anc’ Southgate Rivers will be. extremely

difficult and ‘will require a large scale survey., Surveys on

the Chilko River have provided considersble basic dsta on the . )
indlgenous Chinook salmon population. More detailed studies will -

.. be necessary, however, if the proposed hydro~electric plans are

: developed further.

Unpubliehed data on file.

June 1, 1958 _
Revised December, 1961 -
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DEFARTMENT OF FISHERIES, CANADA . A3
© Fish Culture Development Branch ' ' o

L~

Somass River Hydro-Electric Power Develovment.

To determine the fisheriés problems posed by the Hydro-electric
pover development of the Somass River -System and to develop
possible solutions.

1956-1958 Considered &s the Ash. Power Development (A52) and
. Stamp Power Developrient (A53) after 1958. _

Ash River, -Stamp River, .Sproat. River, Snroat Lake and Great
Gentral Lake, near Port Alberni, B.C. _

" C. H.-Clay, W.Q. Hourston, K G. Lucas, R.E. McLaren.,

Fisn and Game Branch B C. Power Commission.

Engineers, biolocists, technicians and casual field a551stants.

11956 = $29,000. 11958 - $76,000.

- 1957 = 86 000, . -.See A52 & A53 for costs since 1958

In addition, the B,C, -Power Commission under-wrote fisheries/‘
engineering and biological costs of $67,349. in 1956-57.

‘The main purposes of the fisheries surveys of 1956, 1957 and: 1958

. were.to determine the numbers,  timing and distribution of the var=-

ious species of salmon frequenting the Somass River system and to
define the fisheries problems created by the three phasee of the
proposed power development, viz. the Ash River, Stamp River and |
Sproat. River power developmentss At least 36 individual fisheries
problens were defined, and although many of them could be overcome

_with techniques or facilities previously developed, several of the

problems had no apparent immediate solutions. The fisheries pro-
blems associated with the Ash River.power development were com—. - -

. paratively few in number and solutions were available. Hence it

‘was agreed in late 1956 that the Ash River development could

proceed providing that certain fisheries protective measures were .
taken, Further details of the Ash River project are reported in.
Summary No. A52. The Stamp and Sproat River developments were

deferred .by the B.C. :Power Commission on account of the numerous.

~ difficult fisheries problems involved. While the latter project

has virtually been -gbandoned, the intensive work continuing on
the Stamp River development is reported in Summary No. A53.

The proposed three-phase development of the Somass River system has’

- posed some of the most'difficult fish conservation problems encoun-

tered to date in British Columbia. Available solutions to fisheries

. problems allowed the Power Commission to proceed with the first

phase, the Ash River Development, Implementation of the second

~ phase, the Stamp River. Development must await the results of inten-

sive applied research studies under way on downstream migrant gulding
(A63), stream rearing requirements (A8l), spawning requirements and .

artificial channels A64) and beach spawning investigations -
" (A54 and A70). '

A Preliminary Report on the Fisherles Problems Related to “the
Proposed Power Development of the Somass River System, Department

‘of Fisheries, Canada, 1956 (Mimeographed). Salmon Spawning

Ground Survey on the Somass River System, Department of Fisheries,
Canada, 1957 (Vimeographed) Unpublished data.

- June l 1958
‘Revised December, 1961 -
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| &3
DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development'Branch

ﬂgeg River Hyg;o-Electglc Power Devel Ement;

To. determine the dietribution, population and tinung of salmon

rune in the Nass River watershed, and to determine the effects
of a hydro=glectric development on. the fisheriea resource of
this river system. i

1956 - 1959. .

Nass River, B.C.

JW.&&%,&LCme,&NGw%m e

S

i : o : LT

3 b1010gists, 3 techniciane, 3 student assistante, 3 part—time~
casual 1abourers and 1 guide.

1956 - $5000. o
1957 - 22,000, -

1958 - 25,000 .
1959 - . 27,000,

In 1956 an aerial reconnaiesance and 1imited spawning ground
inspections were mades In 1957, 1958 -and 1959 extensive .
studies were made of the Nass River salmon populations. .
These .studies provided a measure of . the. annual salmon escape~

- ment and determined the timing and .spawning grounds of the
- various salmon stocks. These gtudies also evaluated other’

factors pertinent to selmon production in the river and- :
assessed the possible effects of" the propoged’ hydro-electric o
development. ' N

A hydro-electric development on this system uould pose many

serious probleme to, the salmon populations. Further study

will be necessary if the plans to develop hydro-electric power :

on the. Nass River are ever re-initiated. St

l. Results of Naes River Biological Surveye for the Yeare 1956 and
1957 Including a Preliminary Assessment of the Possible Effects
of the Proposed Hydro-Electric Project. Dept. of Fisheriea, '
1958 (Mimeographed) . \

2. 1958 and 1959 date on file. -

e S June 1, 1958
R L . Revieed December, 1961
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‘DEPARTMENT OF FISH]?IES CABADA
Fish Culture Development Branch

Subject ¢ Puntledge Riﬁgg Doyg§tream Migrant Salvage Proprem.‘
gggpégg -+t To salvage juvenile chipook salmon and trout downstrean migrants

at the B.C, Power Commlss1on s Puntledde Plant power intake.
Duretion : 1956 - continuing. _ SN
Location ¢ Puntledge River power %ntake.near Courtenay, B.C.u
In Charge ¢ Formerly E.W. Burridge; J.W.  Stokes; now D, MecKinnon.

Cooperating .
Agencieg - ¢ B,C. Power Commission.-

l"‘d
é’

2 student assistants or technicians.

Cost, $ 1956 - $5,500. ’
- 1957-61 (approx. %4000 per year cost borne by B.C.Power Commlsslon)
Regults ¢ Two to flve fyke netg are f1°hed in the 1ntake canal during -

the chinook fry and smolt migrations. Fish trapped are re-
leased in the river downstream at the intake. Chinook salmon’ -
fry make up the greater part of the catch with lesser numbers
of chinook smolts and trout fry and smolts.

" Tests run during 1956 ‘and 1957 showed that only 35% of the
.migrants entering the forebay were being picked up in the nets
with the remainder passing 'by and eventually entering the- pipe- . .
line intaske. The percenttge of the top four feet of the channel
netted was approxlmately 36% ‘

Assegsment ¢ ThlS program was set up as’a temporary measure to salvage down~
stream migrants in the Puntledge River forebay. - The effort, .
expense and inefficiency of this project have proved that it

‘could never be anything more than a temporary measure pending
arrangement for permanent intake screens. Power Commission
personnel now install and operate five nets every year and will !
continue operating until permanent facilities are provided. '
A permanent solution in the form of a louver deflector was
recommended to the B.C.. Power Commission in 1958, however, no
action to install this facility has been taken to date.

Reports ¢ The Fisheries Problems Assoclated with the Power Development

' of the Puntledge River, Vancouver Islandy B.C. Department of
Fisheries, Canada, 1958. Mimeo Report 44 pp. 15 Appendices.,

June 1, 1958
Revised December, 1961
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DEPARTMENT OF FISHERIES, CANADA - - -
" Fish Culture Development Branch R ’
" Subject - 3 &lbern;‘Pulp‘Mill Water Supply. ‘
;,.Purpoae._v ¢ To provide adequate residual flows in the Sproat River for )
. ‘trensportation and rearing of fish and to prevent ‘entry of .
) _ small fish into the mill water supply intake on Sproat Lake. .
“Duration : '1956-1957, 1959-60. |
Location f, $ Stirling Arm of Sproat Leke, neer Alberni, B.C.

In Charge ¢ R,N. Gordon, K.C. ‘Luces. A L ' : : :

' Cooperating - - L
Agengieg R R o .
§>chggnnei | ¢t Engineer. _
;':=‘g§gg- L ;£’$éoo.' "\ o :“E ' L o _
‘Regnltg : A low weir, submerged at most river atages, vas constructed at

the outlet of Sproat Lake to store sufficient water 'at low.flows '
to provide for adequate flow in the Sproat River for transportation
and rearing of fish as'well as storage for mill water supply from
Sproat Lake.

A new pumphouse intake, consiating of three rectangular openings,
vas constructed in the lake in 1960, The two openings through
which water is now being drawn are provided with Lini-Belt
trevelling screens. The third opening is stop-logged off but’
will be fitted with an additional sereen if, and when, an in-
crease in plant demand dictates that it be brought into serv1ce.

Assessment ¢ Satisfactory flous have been maintained in the Sproat River since
.congtruction of ‘the weir. The screening installation meets all
. fisheries standards, and no ev1dence of mortality or injury have
~ been obaerved. _

Regortg . :‘None.

: . June 1, 1958
' Revised December, 1961.
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_ o ‘ A 42
DEPARTHMENT OF FISHERI®S, GAWADA
Fish Gulture Development Branch .

Fighyay for the Great Centrsl Lake Storage Dam. .

To design a suitable fisbway to overccme an 18-foot hydraulic
head created by a new storage dam constructed by MacMillan, "
Bloedel and Powell River Ltd.,on the crest of a low falls at

" the outlet of Great Central Lake. 4 ST

1956~1957, assessment continuing. .
Outlet of Great Central Lake, near Port Alberni, Vancouvér’Isléndﬂ
Hydraullc model studies conducted at the Unlversity ‘of B.C.
hydraulics laboratory

K.C. Lucas.

H.A. Simons’Ltd., MacMillan, Bloedsl and Powell-Rlver Ltd.
One engineer, two technicians. o . ' T

Hydraulic Model Study - 88,525,
Schematic Design and Assessment = 3,000.

Although the natural falls at the lake outlet was passable to, flsh,
the new dam on the .crest of the falls would create an impassable
obstruction to salmon. A hydraulic model of the damsite and falls
was constructed in order to determine the hydraulic conditions
which would exist in the tailwater area of the falls. A sultable
spillway and fishwey entrance design was evolved through model
testing., However, company engineers ingtead chose an alternative . -
plan vhereby the base of the falls was excavated to form a sheared
barrier dem 10 feet high and 200 feet long, leading to a fishway .

on the right bank of the river. This flshway, a verticsal-slot type,
was actually two fishways in one; a low level fish exit was located
upstream of baffle #13 and the high level fish exit upstream of )
baffle #18, making the first 13 baffles common to both. 4 telescopie
gate up to 5 ft. high was provided at sill level at baffle #1 to ’
allow maintenance of fish entrance velocities during backwater con-
ditions caused by a comblnatlon of low forebay and high tailwater
levels. Up to 75 cfs of auxiliary water is diffused into the: fishway
entrance baffle to -create additional attraction to the fish'entrance.

This dam and fishway, together with the Roberison Greek dam and fish-
way and the Sproat River weir, were constructed in 1957 by MacMillan,
Bloedel and Powell River Ltd., at a cost of approximately $800,000.
for the purpose of maintaining adequate minimum flows in the Somass
River to dilute éffluent from.the Port Alberni pulp and paper mill .
to safeguard fish. The Great Central Lake fishway, has satisfactorily’
passed up to 100,000 adult sockeye, coho,and chinook salmon and
steelhead trout per year since it went into operation in June, 1957.

Data and laboratory observations on file. \ o o

June 1, 1998
- - Revised December, 1961
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| | o S A3
 DEPARTMENT OF FISHERIES, CANADA” -
Fieh Culture Development Branch

ﬂhi&ehorgg ggidg ngro-Dlggt_;g Poger Developgent g the Yukon Riven,

To assess the fisheries problems created by the construction of
a pover development on the Yukon River at Whitehorse Rapide and
determine fish facilities required. o o \ .
1956 - 19600 ’ ] .
Whitehorse Rapids on the Yukon River near Whitehorse, Y.T..

C. H. Clay, W R. Hourston, R N. Gordon, R.E. McLaren.

“R.GM, P L. ] S

Engineers, biologists and technicians. X I o ‘n:'
1956 = 60, $35,ooo.,'; | o S
Construction of the Nhitehorse Rapids dam would block‘the spamnr |

" ing migration of chinook (king) salmon,-and the spawning and

" feeding migrations of several indigenous species of-fish, unléss i J‘.

adequate remedial measures were provided at the outlet. Studies

. showed that the dam. did not provide favoursble conditions for -
 the location of ‘a fishway entrence, or collection works,.at the -

downstream face; It was recommended,’ therefore, - that a barrier }.

"danm be constructed across the river some. distance dowmstream”

from the_dam and that a weir-type fishway be erectsd to pass' . /

“fish from toe of the barrLer dam to the forebay of the. power dam: - -
It was recommended also that bypass facilities be installed at . . .

- the downetream face of the powerhouse to conduct fish back -to

- passing through the turbines during downstream migrations..

the river.. Construction of thesge fecilities was initiated in

August, 1958 and they were :placed in service in Jume, 1959.: -
Total cost of these facili Lties is reported to be $820 000.

‘In 1958 when the power dam vas only partially completed, a- sal- -
‘vage prOgram involv1ng 8 Lemporary’ fishway, nets and a tank’ truck
.was employed to pass upstream migrants around the obstruction,

In 1959 and 1960, detailed counts of fish passing through the aE
fishway, and careful observations of the.total numbers of fish
migrating indicated that the facilities are successful for their
intended purpose.. There has been no evidénce to date to indicate
that losses are being ‘sustained by the small percentave of fish .

l. The Fish Facllitiss at ‘the Whitehorse Rapids Pover Develop-
ment, Yukon Territory by R.N. Gordon, R.A. Crouter and :
i J.S. Nelson,  'The Canadian Fish Culturist No. 27, August, 1960.

~ :fz. Unpublishsd data, Department of Fisheries.

June 1, 1958
Revised December, 1961
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'native steelhead smolts = 31

DEPARTMENT OF FISHERIES, CAWADA
Fish Culture Development Branch

Puntledge River Louver Guidigg Tests.

To test the effectiveness of louver screens for guiding down-.
stream migrent salmon and trout from the Puntledge River power
diversion intake. . - o

1957 to 1959. -
Test structure located on the Puntledge River six miles wést of
Courtenay, B.C. - -

\

K.G. Lucas; E.W. Burridge (1957), K.J. Jackson (1953) -and
W.J. Schouwenburg (1959). '

1957, one engineer, -one biologist, 3 technicians, 2 field assistants.
1958-59, 2 engineers, one blologlst, 2 Lechnlclans, 3 field
assLstants.

1957 - $28,200. . | | ,
1958 - 14,300, |
1959 -  17,300.

Tests were carvied out in a test flume 80 feet long, 10 feet wide
and 6 feet deep through which the river was diverted By a dam
160' long and 6' high. OChinook salmon fry, which was the main -
species present, entered the flume during their natural migration
downgstream, as did small numbers of natural migrant steelhead
smolts: In addition, numbers of sockéye smolts and hatchery

- steelhead smolts were introduced into the river upstream from

the test site. The main variables selected for the tests were

bar spacing and aporoach velocity. Test results showed a maximum
successful guiding of 73% for chinook salmon fry with louver bars
spaced two inches apart, face of bars pernendlcular to the current,
and an average approach velocity of. 3.0 feet per second., Makimum
successful guiding for other species were: sockeye smolts - 77%, -
%, and hatchery steelhead smolts - 95%.

4s a result of the louver tests a schematlc layout and specifi-

cations for a louver deflection system were prepared by the
Department and forwarded to the B.C. Power Commission as a
suggested method of screening the 1,000 cfs Puntledge Power
Development intake diversion. No decision to install the louver
system has been made by the Commission to date.

1. The Fisheries Problems Associated with the Power Developmenﬁ of
the Puntledge River, Vancouver Island, B.C. Department of
Fisheries, Canada, -1958. Mimeo Report 44 pp. 15 Appendices.

2+ Publication on louver studies in. preparation.

June 1, 1958
Revised December, 1961
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' DEPARTMENT OF FISHERIES, CANADA - -
Fish Culture Development Branch

- Subject : Rainy River Water Supply Dam. B . '

- Purpoge H To'désign a~fishuay for a diversion daﬁ propésed by Canadian .
: - Forest Products in connection with- the Port Mellon millwater
‘supply.
Duration : 1957.«

Location ¢ One-half mile from the mouth of the Rainy River near Port
o Mellon, B.C. - BN

In Charge s L. Edgeworth,,J.P. Parkinson. .
googefgting _ - |
Agencies - 3 .
Pergonnel i Engineer;
Coat : $506. . |
esult § The dam was completed in 1960 and includes a Denil deep-channel.

" fishway. The Denil type fishway was considered more suitable’
for this dam because of the limited: space available, the low
héad (18'), and the size and species of the runs. . The baffle
design was modelled by the Washington State Dept. of Fisheries.

Aséessment, s+ No assessment has. been made to-date.

-_Regorta i Hydraulic model Tests’ of a .Denil Deep Channel Flshway by J.C

_ Clausen and E.R. Floodeen. A report to the Director of the
: Washington State Departmenb of Fisheries, December, 1954.

~ June 1, 1958
Revised December, 1961
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- A 46

".DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

Screens for Water Intakes, Princg_ggorce and Quesgnel Thermal
Generatlng Stat1q_§

-~ !

" To design screens for the coollno water intakes at the Prince

George and Quesnel thermal generating stations of the B.C.
Power Commission.

1957.

Quesnel and Prince George, B.C.

C.H. Clay, A.C. Cooper.’

International Pacific Salmon Fisheries Comm1531on, 'B. Ce.
Power Commission.

2 engineers.

$900.

A fixed screen to prevent entry of downstream migrent fish into
the cooling water intakes of the thermal plants was developed.
Both intakes were less than 100 c.f.s. One is located on the
Fraser River at Prince George and the other on the Quesnel
River at Quesnela

No assessment of efficiency has beén made to date, but it is
believed it will be close to 100%.

, June 1, 1958
: : Revised December, 1961
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" DEPARTMEKT OF FISHERIES, GANADA
" Fish Culture Development Branch.

Georgis Generating Stapionnggg;ing Wg&?r Intake.

To design screens for the cooiing water intake of the B.C.
Power Commission's Georgia thermal generating station.

1957.. A A - : .
Chemainus, B.C. -

R.N. Gordon.

Sandwell & Co.

One engineer.

$300.

1
i

A travelling screen des1gned by bhe COH%UltJnﬂ engineer, -
Sandwell & Co., was examined and approved as odthfactory to
prevent entry of fish' from salt water.to the cooling system
of the 100,000 Kw. gas turbine thermal-electric power statlon.

No assessment.of efficiency of -screen made to date.

June l, 1958
Rev1sed December, 1961
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A .8

DEPAPTMEWT OF FISHERIES, CAHADA .
Fish Culture Development Branch ‘

-‘.‘.—-—‘—ﬁ---

To determine the flsher;es problems posed by the diversion of
the Elaho River to Princess Louise Inlet for hydro-electric
power generation. . :

1957. o ~ ‘ -

Headwaters. of-the Squamish River.

L. Edgeworth, R.E. McLaren.

' Engineers, biologists and technicians.

84, 500.

I3

Date was obtained on the distribution and timing of the salmon
runs in the Squamish River System. A preliminary analysis of
the fisheries problems posed by the propoeed power developments
vas. completed, ,

B.C. Electric Company have abandoned for the- present their .
plans to proceed with a power development on the Elaho River.

Unpublished data.

June 1, 1958 -
Revised December, 1961
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1957 - $10,000.
1958 - 24,000.

/ o Y W'
'DEPARTMENT OF FISHZRIES, GANADA
‘Fish Culture Development Branch

_impglsh River gzdro-nlectrlc Power Develooment

To assess the fisherles problems that would be created by the
hydro-electric development proposed by the B. C. Power Comm1531on
.on the Nimpkish River. ' , oo

1957 - 1959, ‘
Nimpkish River near Englewood, B.C.

R.N, Gordon, D. MacKinnon.

‘Engineers, biologists, techniclans and field and office assistants, -

1959 - 4,000.

- Estimates of the numbers, timing and distributlon of sockeye,
coho, chinook,pink and chum salmon were made along with a
description of their biotic; physical and chemical env1ronment.

"~ The whole system was covered and: commercially significant numbers

of -all five species were recorded in an environment that has

. potential enough to support increases in-all specles, - Studies

of fry and smolt production, downstream migrations, and ‘the role

-of Nimpkish Lake as a rearing area were conducted. - These studies\’ |

have provided .considerable information on timing and numbers -
of dovnstream migrants of all species. In addition they heve
pointed out that Nimpkish Lake is en exceptionally importent
reecring area for seversl rillion sockeye that have hatched in
the upper system epd migrated ag fry to rear. for a year in

'Nlmpkish Leke.

The Department is ‘now in a position to outline the msgnltude.
and complexities of “the fisheries problems that would be created
by the proposed hydro-electric development. The B. C. Power
Commission have not indiceted any firm plens for this. project

- --since the fisheries surveys have been completed.

l. Biologlcal Survey, Nimpklsh River uystem, Department of
Flsherles, Canada, 1958 ‘Mimeo Report.' 38 pp. '

2. Report on 1058-59 prepared to draft stage.
|

June 1, 1958 - .
Reviaed,December,>1961 7
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- A 50

DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

Campbell Rivez_giversions_ﬂydrb-Electrig,Poger,@gygigpmgg&g.

To determine water requirements for migretion, spawning, in-
cubation and resring of salmon and trout in the Salmon, Quinssm
and Heber Rivers, downstreem from the diversion dams.

1957, continuing.

Salmon, Quinsam and Heber Rivers, near Campbell River, B.C.

D. MacKipnon, R.N. Gordon.

Fish and Game Branch.
Engineer, Biologist, Technicians and Field and Office Assistants.‘
1957 - 58 $12,000.

1958 ~ 59 3, 500.
1959 to date 1,500, .

Salmon and Quinssem: Numbers, dietribution and timirg of adult
coho, pink, spring, chum and steelhead were assessed. Spawning
end rearing potential of the river wes described. It was found
that the factor deciding water requirements was depth over the
riffles and falls., In the case of the Salmon River reduction

in discharge from the headvaters would have litile or no effect
on spawning, rearing, or incubation. In the case of the Quinsam
these would be somewhat more effected by reduction in discharge.
Gauging and metering has described the discharge pattern and the
contribution of the headwaters and major tributeries to the river,

Heber: Swurveys show it to be chiefly a steelhead stream, Reduced
water would have its most pronounced effect on one mile of river
bed between a major tributery end an impassable falls. The value
of this area will be determired and further studies will be made

to determine the effect of reduced water on migration through the
lover river. , )

An interim srrangement, which ensures that adequate residual
flows will be maintained, has been in effect since 1958. In

the meantime, the collection of flow data has been continued in
order that a permanent agreement cen be drawn up whenever suffic-
ient date has been collected for this purpose. To date, it
appears that the interim arrangement has been adequate to meet
the fisheries needs and it is expected that no major revisions
will be required. -

File reports on biclegical and engineering studies.’ Temperature
and discharge records for Salmon and Quinssm Rivers on file.

June 1’ 1958
Revised December, 1561

-



- ‘Bubject
' Purpoge

tion

_D. MacKinnon, R.N. Gordon, L. Edgeworth.’ - L

R

-

DEPARTMENT OF FISHERIES, CANADA
Fiah Culture Development Branch’

_lssru_r_i_r_ﬂmr__l_‘ ter Rive o=E eﬂ&.sei&exsl;nm..

To ascertain the flsheries problems associated with proposed”--
power developments on the Cleerwater River aystem. :

1957 - 58

1 1959 - continuing. included in Fraser River Board Studies. R

clearwater River near Glearwater Station,.B.C,

Fraser River Board.

-Biologist, engineer and . technicians.

1957 - $1,000, - 1959 - $1,800. (Fraser River Board funds)

¢

1958 - 2,500, 1960 - 5,500, R T
o - 1961 - 5,000, : " N

Preliminary surveys in 1957 and 1958 weré directed to the studies'

of the timing, distribution, and. populations of chinook salmon in. -
the Clearwater River. More extensive surveys were -undertaken
commencing in 1959 by fisheries personnel of the Fraser River Board

',uorking under the direction of the Department of Fisheries.

The Fraser. River Board is- currently investlgating a. number of -
possible dam sites in the Fraser River System, including five
dam sites on the Clearwater System. A report covering these
investigations will be submitted to the Federal and Provincial .

-Goverrinents in 1963. - This report will include an assessment

of the effects on the fisheries of the proposed dams as well as

'recommendations for the facilities necessary to maintain the runs

should the development proceed. -

1. Unpublished date on file.

2, Progress summary of fisheries investigations, Fraser River
Board, 1961.

3. PrOgress summary of fisheries investigations, Fraser River
" Board, 1962_(Unpublished at time of writing, -

- June 1,-1958
Reviged December, 1961
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- R S K2

DEPARTMENT OF ; FIthRIES CANADA
- Fish Culture Development Branch

Agh R;ver ngro-Elegtric Poggg_Developmont

To develop solutions to the fisherles problems posed by the
diversion of part of the flow of the Ash River from B131e Lake
to Great Central Lake for hydro—electric purposes.

1956—1958. ‘Congidered as a part ‘of the Somass River Power -
Development -~ see A 38, ~ - - -
1958-1960, assessment contlnuing.“

Ash Rlver and Great Central Lake, near Port Alberni, B.C. -

K C. Lucas, D. MacKinnon, latterly R.N. Gordon., )

Fish and Game Branch B. C Dept. of Recreation & Conservation,.
and B.C. Power COmm1351on. :

Enolneers, biologists, technlcians and field assistants.

1956-1958 - costs included in Somass Power - Development - gee A 38 :
-1959=1961 - $13,500. - Ash River only.. ' ,

Investlcatlons ehowed that the ma jor flsherles problems posed
~by the proposed Ash River pover development were flow reduction
. in the lover Ash River spawning and nursery areas, and
attraction of adults to the powerhouse to be situated on the‘
ghore of Great Central. Lake. To provide for.the former, a ,
minimum flow redquirement of 125 cfs in the lower Ash Rlver, has -

- been specified, and is now in effect. In the event that Ash Riveri

. spawning migrations mighl be attracted to the powsrhouse outflow, * .

the "shell" of a collection works was constructed integrally with _“\
the powerhouse. These works could be placed in service very- -~
quicklyiif they should prove to be needed.

The Ash River plant came on line in May 1959, and to date there
has been no' indication that Ash River fish are being attracted.

" to the plant. While it is almost impossible to determiné whether

T

or not losses are occurring as a result of the diversion of - .
part of the natural flow,. evidence to date. would indlcate that
the run is belng fully melntalned -

A Preliminary Report on the Fisheries Problems Related to the
-"Proposed Power Development of. the Somass. Rlver System, Department
of Fisheries, Canada, 1956 (Mimeographed).

Salmon. Spawning Ground Survey on the Somass River System,
Department of Flsherles, Canada, '1957 (Mimeographed

Unpublished data. .

4

.Decemberé 1961



- Subject
" Purpose

e Agsesgment

Repgrts

'Stamp R;ve ﬁy o=F legtric Power Develg p ent L

[ 23

‘1956-1958

- 1960 - 30,000. ) BT ‘
‘ 1961 - 35,000. - ‘; Co—

| | S -0 As3
_~ .DEPARTMENT OF FISHERIES, CANADA -
< rFish Culture Development Branch.

Through surveys, studles end research to develop possible
solutions to the fisheries problems created by the proposed
power development of the Stamp River. .- .-

Considered as a part of the Somass River Power
Deve10pment - see A38. 1959, continuing.»

: Stamp River and Great Central Lake, near ‘Port Alberni, B.C. -

, R.N. Gordon, D. MacKinnon, F, C Boyd

-B. C. Power Comm1351on.,

, Biologists, engineers, technlcians and temporary fleld assistants.}

Hwae%mmL

The hydro-electrlc development of the, Stamp River has recentlyv'
_been- reéscheduled to commence in: 1968. - '

The most recent power
proposal involves problems- associated with effective gcreening.
of the power canal (sée 463), ‘maintenance of adequate flows to
facilitate upstream and downstream migretions of adults and.
8uveniles and provide suiteble spawning-énd rearing. conditions ~

- (see A64, A81) and maintenancé of ‘beach spawning sockeye popu- o
'.lations in Great Central Lake (see A54, A70).

-3 To date, biological surveys . have established the magniiude, timing
.+ and specific distribution of spawning, migrating and rearing =
. populations. Information on the effect of extremes of discharge

on the upstream passage of adults at fishways and natural B
obstructions, is accumulating. - Engineering surveys, together:
with discharge and temperature records have documented the
physical cheracteristics of the stream. Applied research studies

- at Robertson Creek and Forestry Camp Creek are aimed at developing .
';solutions to the fisheries problems noted above.

A Preliminary Report on ‘the Fisheries Problems Related to the

Proposed Power Development at the Somass River System, Dept of

Fisheries, Canada, 1956 (Mimeographed).

* Salmon Spawning Ground Survey on the Somass River System, Dept
“‘of Fisheries, Canada, 1957 (Mimeographed) :

‘Draft_Reports: . - ' -
-'Mlgration ‘end Spamning of Salmon in the Somass River System l958.;j,

Downstream Migration of Juvenile Selmon in the ‘Stemp River 1959.

"Migration and Spawning of Salmon in the Somass River System 1959,
Migration and Spawning of Salmon in the Somass Rlver System 1960 v

o _ December, 1961



A 54
DLPARTMLNT OF FISHE RIFS CANADA
.Fish Culture Deve10pment Branch

. Subject . + Sockeye Beach Spawning. Stud;eg_at Great Central Lake.
Purpose ot Through studies and research to record, in their natural state,

_the physical features of beaches utilized by spawning sockeye
salmon and to determine the distribution,; cyclic magnitude, .
density, timing and ‘success of spawning in relation to the problems
created by addltlonal storage in the lake and seasonal: draidown.

Duration 3 1957 < continuing. )
Location - ¢ Great Central Lake headwaters of Stemp River near Port'Alberni, B.C.

In Charge - ¢ D. MacKinnon, F.C. Boyd, P. Ryan.
* Cooperating ) ' ' ’

Agencies : .- _
Personnel : Engineers, biologists, technicians and casual field assistants.
Cost : 1959 - $11,400.

1961 -~ 12,000.

Results ¢ Biological studies have established the timing, distribution and
. magnitude of spawning populastions. Observations and measurements -
have revealed that spawning occurs at a wide range .of depths and
‘water temperatures, and is exclusively associated with alluvial
fans, Temperatures and water samples taken beneath gravel surface‘
in spawning areas revealed dissolved oxygen and temperature
 differentials indicating subsurface percolation. "A chronological
sequence of behaviour activities has been observed and verified,
Spawning gravel sieve analysis indicated a relatively high pro-
portion of fines. Retrievable egg plants have indicated con-
51stent1y high surv1val from egg to fry.

In Great Central Leke beach spawnlng~sockeye-enter the lake one

to three months prior to spawning, move onto the beaches serviced
by subsurface percolation two or three weeks before active spawn-
ing. There is no evidence of sustained attraction to ‘surface flow-
entering the lake in the vicinity of the spawning areas. Rate of
subgravel flow, dissolved oxygen content of percolating ground- -
water and gravel size comp051t10ns apparently assure a high- survival
of spawn. Eggs planted under controlled conditions ellmlnatlng
groundwater percolation suffered complete mortality. It thus
appears most probable that partial or complete cessation of ground-
water flow resulting from increases in lake level occasioned by .
storage for hydro-electric purposes may, by eliminating the sensory
attraction afforded thereby, render the beaches initially un-.
acceptable to spawners seeking specific water sources and most
assuredly profoundly decrease their productive potential.

Assessment

Reports : Unpublished data.

December, 1961
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" DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

g.B;Q;.El;s&rig_ngnany

Cooling=water Supply for th
.Thermal -Electric Plant at Port Mann.

To design an intake to prevent the entry of Juvenile salmon
in the cooling water intake on the Fraser River.

1957-59..

Near Port Mann,

C.H. Clay.

International Pacifiq'Salmon:Fisheries Commission.
One engineer.
$200. -

Flat plate screens were designed by the consulting engineers, -
B.C. Engineering Co. Ltd. The design was examined and
approved as satlsfactory for a diversion of up to 36,000,000

gpd.

s

December, 1961

L Y



‘A 56

DEPARTMENT OF -FISHERIES, CANADA
Fish Culture Development Branch

Subject ¢ Beechwood Fighwsy Entrence Experiment
Purpose ¢ To find the best entrance ahape and flows to attract

Atlantic salmon, shad, and gaepereau into the powerhouse
collection gallery.

Duratiog ¢ 1957 = 1960.
Locstion ‘s Beechwood Dem, Saint John River, New ﬁrunawick.

In Charge ¢ R.R. Logie, K.E.H. Smith.

Cooperating = , ‘ :
Agencles ¢ Fisheries Resezrch Board of Canada, Atlantic Biological Station.

Pergonnel ¢ Two biologists part tine.
Cost : 41,000,
Regultg ¢ It appeared that shad entered the fishwey in greatest numbers when -

a deep, slow velocity weir orifice is used at a location ‘remote
from a turbine boil. Other species entered both these and standard
entrances resdily. o ' o

Agsegsment, ¢
Reports : Notes on Shad Movements at Beechwood Fishwey, Saint John River,

N.B. by K.E.H., Smith, Manuscript Report, 10 pps., Dept. of
Fisheries, Ottawa, Canada.

December, 1961
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Ll

ast

DEPARTMENT OF FISHLRIES, CANADA
. Fish Culture Development Branch

ﬂxgrgylic Moggl §tggx ggg g gg Louvgx Igswgl;g‘ihn oy N

To determine the flow conditions in the region between the :
future intake gates and the proposed louver instellation
and ‘to -design a suitable energy dissipation zone to achieve
the required smooth. flow conditions approaching the louVer
system. ,

February-March, 1958.

'Hydreulics Laboratory, Depertment of Civil Engineering, o s

University oft British Columbia.

M.J. Holden.

Engineer, technician.

$;,6oo._

) .

A 1/10th-scale  model of the present intake structure, an

.experimentel stillihg basip area and the- proposed open channel :

containing the louver structure was built in one of the

- laboratory flumes. Through trisl end error methods a satlis=

factory stilling basin design. evolved. The addition of flow =~ .
straightenérs downstream of the improved stilling basin, gave -
satisfactory approach flow conditions to the louwer installation.

This model ‘study constituted a part of the overall louver

_investigation program. These hydraulic studies demonstrated.

that satisfactory louver approach flow conditions can be »:-,
achieved- by proper design. No decision to install ‘the louver .
system has been made by the B.C. Pover Commiscion to date. -

‘The Fisheries Problems Associated with the Power Development of -

the Puntledge River, Vancouver Island, B.C. Department of..

- Fisheries, Canada, 1958, Mimeo Report 44 pps 15 Appendices.

December, 1961
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i A 58

DEPARTMENT OF FISHERIIES, CANADA
Fish Culture Development Branch

Hydraulic Model Study of the Puntledge Louver Bypaas.

To test the hydraulics of the fish bypass structure designed to
meet the requirements of the proposed louver installation for
the Puntledge River power intake.

Aprll-May, 1958.

Hydraulics Laboratory, Department of Civil Engineering,
University of British Columbia.

M.J. Holden.

Engineer, technician,
$4,100,

The bypass design was based on the type developed by the U,S..
Bureau of Reclamation for the Délta-=Mendota pumping statlon

near Tracy, Oalifornia, but differs considerably in detail.

A }-scale hydraulic model of the proposed bypass was constructed
in a glass-alded laboratory flume so that flow patterns within

the bypass could be observed using dyes and neutrally buoyant
particles. Provision was made to measure water velocity at

eleven points within the typass model. The main purpose of the
tosts was to ensure that fairly uniform approach velocities

would be obtained throughout the full depth of the bypass at all
operating depths, ‘and that flow conditions inside the bypass were
non~turbulent and veloclties uniformly accelerated. A satisfactory
bypass design was quickly evolved after some modification of the
original guide vane design inside the bypass. Optimum bypass flows
were also .established by cbserving the model behaviour,

No decision to install the 16uveﬁ,system has been made by the B.C.
Power Commisesion to date. These bypass model studies were very
useful, however, during the design of the floor-type louver bypass

~ for the Robertson Creek Experimental Test Flume in 1959.

The Fisheries Problems Associated with the Power Development of
the Puntledge River, Vancouver Island, B.C. Department of
Fisheries, Canada, 1958."Mim90‘Report 44 pp. 15 Appendices.

December, 1961

I
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A-59

- DEPARTMENT OF FISHERIES, GCANADA
Fish Culture Development Branch

Cowichan Lake Committes.

To study Cowichan Lake and Cowichan River with regard to flood-
ing and erosion, and to consider such remedial work as deemed.
necessary .to relieve these problema. The Committee was formed
as a result of a recommendation by the Comptroller of Water
Rights to the Deputy Minlster of Lands and Forests, that a :
committee be established to study Cowichan River and Cowichan
Lake.

1958-1960.

Cowichan River System.

L. Edgeworth (fisheries aspects).

Water Rights Bfanch, Department of Agriculture, Village of
Lake Cowichan, B.C. Forest Productis.

One engineer.
$600.

From a thorough examination of both the Cowichan River and Lake,
it appears that neither flooding or erosion are creating critical
conditions in the area, with the possible exception of the lower
reaches between the City of Duncan and the sea. The report of
the Committee made recommendations to the Provincial Minister of
Lands and Forests regarding the removal of slash and debris from
the Cowichan River; the operation of the weir at the outlet.of
Cowichan Lake by B.C. Forest Products; suitability of river
structures for providing adequate waterways; and the need for
continuation of hydrometric and meteorological programs by the -
Federal and Provincial Governments.

The recommendations of the Commlttee if carried out, would prove .
beneficial to the fisheries as well as other interests concerned
with flooding and erosion in the Cowichan System. The work' of '

the Committee was useful also in providing a better understandlng"‘

of the problems and interests of the warious agencies connected -

~with the investigation.

Preliminary Report Respectmng Flooding and Erosion on the
Cowichan River, Cowichan Lake Committee, December, 1959.

December, 1961
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A 60

DEPARTMENT OF FISHEBIES,fCANADA
Fish Culture Development Branch ' . .

Qggling.uaoox;§~nnlx_ﬁg_.ih@.ﬁ;g.___ggixag__uxxazd
Thermal Plant.

To design travelilng acreens to prevent the‘entry of
juvenile salmon into the cooling water intake in Burrard
Inlet. ,

19 58-59 *

Near Joco. .

C.H. Clay.

’
International Pacific Salmon Fisheries Comﬁiséion.

Two engineeré; one bioiogist.‘ |

$300.

Travelllng band screens were designed by the consulting

engineers, Balfour Beatty & Co. Ltd. The design was examined
and approved as satisfactory,

t December, 1961,



- Asgessment

Reports

DEPARTMENT OF FISHERIES,. CANADA
~ Fish Culture Development Branch

Irrigation Diversiohg by Bs Co Fruitlands.

To design an intake to prevent the entry of juvenile salmon
into the irrigation intskes on the Thompson and North
Thompson Rivers,

1958-60,
Near Kamloops.

L. Edgeworth.

International Pacific Salmon Fisheries Commission.

One engineer.

$400. - ' !
A low level screened intake and a high level rock filter
intake were designed by B.C. Frultlands for both the
Thompson and the North Thompson diversions. The Thompson’

River intakes were approved as satisfactory for the di-
version of 20 cfs and the North Thompson intakes for 10 cfs.

December, . 1961

L6l
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A 62

DEPARTMENT OF FISHERIEs; CANADA
Fish Culture Development Branch

Design of Fishuays and Other Fish Passege Facilities.
To describe presently used methods for designing fish passage

fecilities at dams, and for designing fish screens,- fencea,
barrier dams, artificial apawning channels, etc.,

1958 to 1961.

Vancouver, B.C,

C.H. Clay.

Fisheries Institute, University of B.C., F.A.0., and Fisheries
Agencies in various countries,

One engineer, several engineers and draughtsmen part time.

$10, 000.

Doacribed in text.

Text entitled "Design of Fishways and Other Fish Facilitiea“-

by C.H. Clay. Available from Queen's Printer, Ottawa. Cat..
No. Fs: 31-196l/1.

December, 1961
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A 63

DEPARTMENT-OFiFISHERIES,'CANADAT
<FiSH Culture Developmept Branch

: Louver Guiding Tests gt the Robertgon Creek Exgerimental

Tegt Flume.

"To. test the affectiveness of louvers for’ guiding downstream
migrant sockeye end coho smolts from the intake of the
proposed Stamp - River Power Development.

_: Construction = 1959.

Testing - 1960, 1961, continuing.

: Test Flume 1ocated on Robertson Creek, 12 miles N.W. ofAAlberni,-B.G.

8 K.G. Lucas.

Biologist, engineer, 3 technicians, and 3 cssuals.

$ Capital cost of basie tost f£1ume~$72, 000, (Fish Culture, Br. $48 500 )
" (Fisheries Res.Bd. 23’500 )
Capitel cost of louver test appu1tenances - $12,200. ‘ ”
Operating costs, 1960 teste - 20,000.
Operating costs, 1961 tests =~ - - 20,500,

.3 1960 tests were conducted in a lo-foot flume width with the louver

bypass width fixed et six inches.a Variebles tested were’ approach
. velocity, bar specing snd colour of louvers. Two louver lines in
tandem were also tested. . Results from 1960 tests were: inconclusive
in assessing the efficiency of louvers for this location, but served
as valuable preliminary background for a comprehensive. test program
in 1961, The bypass width was made & varieble in -the 1961 tests
~and the flume width of 20 feet was used. 'Other varisbles tested
in 1961 were illumination, approach velocity, bypass acceleration.
and bar spacing. Results showed that the louver principle works
with up to 96% efficiericy for sockeye smolts and 95% for coho smolts, .
providing the bypass is adequate., The data. clearly points up the
importance of providing optimum bypass conditions in order to
realize the full guiding potential of louvers. «

: On the basgie of the Robertson Creek tests, a louver deflector would
be acceptable for screening the proposed Stamp River intake if it
incorporeted the following features: convergence of ‘the louver line
at an angle of up to 15° towards a wall bypass location, approach
velocity no greater than 4 feet per second, bypass acceleration in

- the order of 140% of approach velocity, bypass width of 18 inches,
2=-inch louver bar spacing and no artificial illumination or cover.

Further tests to improve a louver bypass are contemplated in 1962
and 1963,

:_Publication‘being prepared.

December, 1961
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A 64

DEPARTHMENT .OF FISHERIES, CANADA
Fish Culture Development Branch

e e S AN e S e

To provide facilities for applied research on the solutions for
fisheries problems associated: with the Somass’ River system hydro-
electric power development, and' at the same time to institute a:
fi'sheries development project for pink, coho and chinook salmom
in the Upper Somass River system,

Proaect in partial operatlon by October, 1959.
A1Y major facilities operational since October, 1960. Continuing.

! Robertson Creek is eleven niles WY, of Alberni, B.C. .

- K.C. Lucas, D. Machlnnon.

Macl{i1Tan, Bloedel & Powell River Ltd.
2 Biologists, engineer; 2 technicians, . casuals.

Capital cost of project including camp (1959—61) - $303,100.
Estimated operating cost per year (incl.selaries) - 60, 000.

The spawning channel occupies the total 4200-foot length of Robertson
Creek, which flows as a gecondary outlet of Great Central Lake into
the Stamp River. A spawning area of 8,000 square yards has been
provided in three sections of the creek divided by drop structures
vhich ellow some variation in the hydraulics of each section. The
channel cross section is trapezoidal with a bottom width of 35 feet.
Flows in the channel are ragulated by velves at the Robertson Creek
control dam, with normal flows of 100-150 cfs provided for spawning
and a maximum flow of 250 cfs possible. Spawning gravel sizes range
uniformly from a minimum of 2 inch to.a maximum of 4 inches.

Special facilities at the mouth of the channel allow for trapping

and trensporting mlgrants to any desired section of the channel., A
large fishway observation 'room is also provided for experlmental work.

This project provides a natural fish cultural laboratory where both
research and development projects can be implemented with great
advantage. Biological programs to date include three pink salmon
eyed=egg transplants: 1.6 nillion in 1959, 0,7 million in 1960, and-
5.0 million in 1961l. Adul® pink salmon returns from the 1959 plant
(which had 95% egg=to=-fry survival) were 119 to Robertson Creek and
33 to the parent Stamp River. In 1961, 222 chinook and 653 coho
spawners were transplanted to sections of the channel and their

- distribution, spawning site characteristics, etc. were studied.

1. The Robertson Creek;Spaﬁning Channel, K.C. Lucas. The Canadian
Fish Culturist, No. '27, August, 1960.

2. A Successful Transplant of Salmon Eggs in the Robertson Creek
Spawning Channel, D. ‘MacKinnon. The Canadian Fish Culturist,
No. 27, August, 1960,

December, 1961



A 65
' DEPARTMENT OF FISHERIES, CANADA
Fish Gulture‘DeveIOpment Branch

~

'} Subject s §§xmg T Lxgr Water §upplx gog G;eater Vggcouvgr gteg Digtrict,

" Purpoge 3 To study the fisheries problems. posed by the reconstruction of

: : the Seymour Falls dam, and an accompanying expansion of the . .
water diversion fecilities; and to advance recommendations for - .
fieheries protection.

Durstion  : 1959-60. | |
. Location ¢ Seymour River.below'Seyﬁdur Falia; North Vanéoﬁyer,'B.c.“

In Cﬁgggg | s R;N,-Gtrdon;

: ngpgféting 3
Agencieg - ¢ Fish and ‘Game Branch, B C. Department of Recreation- and
' : Congervation. : ,

_ Perso : 3 0né~engineer, one technicien. |

‘gggg. | s $1,500. | /
Results - -t Reconstruction of- the dam situated on the crest of Seymour Falls |

- does not in itself constitute a fisheries problem, because -
Seymour Fells.is the upstream limit of migration.- However, im~
poundment. of water behind the dam and diversion of water from:
the reservoir could reduce residuel flows downstream from the .
" dam to a critical level insofar as the fisheries interest is
: ~ concerned. For this reason, flow records obtained since 1927
. ' were subjected to a detailed etudy, and as a result a schedule
’ of flow. requirements for fisheries purposes was drawn up. It
has since been accepteéd by all parties and is now in effect.

.Asgegsment Prior. to reconatruction of the dam, there was no-agreementlre-
o . garding minimum flow requirements below the dam, and the dis-
charge records show that flows of a far lesser magnitude than-
those contemplated by the current agreement have occurred in -
the past. For this reason, it is believed that the schedule
-of flows now in effect will adequately safeguard the fisheries.
. Observations to date have indicated that adequate flows are
being maintained.. .

.. Beportg N Unpublished data,<Department of Fisheries.

" December, 1961
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A 66,

DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

Facjlitieg for Anadromoug Fish Passage, Pegsamaquoddy Project.
To investigate the problsm of providing for passage of anadromous
fish, chiefly Atlantic salmon, through the dams forming part of
the proposed Passamaquoddy Tidal Powsr Project, and to suggest
facilities required.

1959-60. _

Vancouver, B.C., Seattle, Washington, and St. Andrews, N.B.

Milo C. Bell and C.H. Clay.

U.S. Figh and W1ldlife Servrice and I'isheriles Research Board
of Canada, Atlantic Biological Station.

2 engineerg part timeq

$1,000.

Facilities were suggested for passage of Atlantic salmon at the
proposed project.

No decision to proceed with the Passamagquoddy Project has been
-ade to date,

Milo C. Bell and C.H. Clay,.1960. Facilities for Anadromoua-

Fish Passagse, Passamaquoddy Project. Journal Fisheries Research
Board, Canada, 17 (4). ‘

December, 1961



Ci) :

Duration
Location
in Charge

Cooperating
Agencies

Personnel
Cogt

Results

Aggessment

Reporis

A 67

DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

City of Alberni Water Supply.

To design screens to prevent entry of juvenile salmon
into the City of Alberni water supply intake on the
Somass River.

1959. -

Near Alberni.

L. Edgeworth.

Engineesr.

$200.

Removable flat plate type screens were designed by the
consulting engineers, Associated Engineering Services Ltd.
The design was examined and approved as satisfactory for
a diversion of up to 2,000 gpm.

No formal assessment, but routine inspections by Fishery
Officer indicate screens operating satisfactorily.

December, 1961



A68
DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

Water Supply to Paper Plant of MacMillan, Bloedel and
Powell River Ltd., on Annacis Island.

Purpose : To design scresns to prevent the entry of Jjuvenile salmon
' into the water supply intake on the Fraser River.

Subject

Duration t 1959-60.

Location t Near New Westminster.
. In Charge ¢ C.H. Clay.

Cobpergting
Agencieg ¢ International Pacific Salmon Fisheries Commission.

Pergonnel ¢ One engineer.

Results ¢ Removable flat plate screens on a floating barge were designed

by the consulting engineers, Sandwell and Company Ltd. The
design was examined and approved as satisfactory.

Assessment i
gegortg :

' December,. 1961
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3
.

:' Pacific Biological Station of the Fisheries Research Roard.

A 69

DEPARTMENT OF FISHERINS, CAADA
Fish Culture Development Branch

: mxperlmental Downstream Migrant Deflector for Forebays.

To investigate the feasibility and cost of a larce; cale experimental
moving-element apparatus for guiding dovmstream mlgrunt salmonlds

in relatively deep bodies of water with low velocities.

1958-59.

Great Central Lake and Nimpkish Leke, B.C.

K. C. Lucas.

One engineer and two students.

- $4,,€00.

The.objective of the investigation was to examine the feasibility
of testing a deflector in the order of ten times the size of the

"hanging-cable deflector successfully tested at Lakelse River (1955)

and Port John (1956) by the Fisheries Research Board of Canada for
guiding sockeye and coho swolts.

Surveys for possible test sites were carried out in 1956 and
the outlets of Great Central Lake and Nimpikish Lske were found to
be suitable locations from the point of view of availability of
fish and the physical propertles of the site.

In 1959, Swanson, Wright and Co. Engineers Ltd. were retalned
as consultants to conduct preliminary design studies to a point

where generel feasibility of the preliminary design from structural,

mechanical and electrical standpoints were.assured and reasonably
accurate estimates of deteiled engineering and construction costs .
could be prepsred. An experimental deflector that was 600 feet long
and 40 feet deep using extruded aluminum shapes for deflector elements
vas designed. The design wus otherwise generally similar to the
small-scale unit tested at looknose Creek. Estimated cost of the.
large~scale experimente l deflector was £188,000.

Tests conducted by the Fisheries Research Board of Canada at Lakelse
River and Hooknose Creek have demonstrated that a small-scale de-
flector of this type is quite effective in guiding sockeye and coho
smolts, However, these resulits cannot necessarily be extrapolated
directly to large-scale applications. The large-scale experimental
deflector was designed to a preliminsry stage to ensure the engineer-
ing feasibility of such a design. Biological testing will be under-
taken when a possible application for this type of deflector is apparent,

Research on Guiding Young Selmon at Two British Columbia Field ¢ Stations,
J.R. Brett and D.F. Alderdice. Bull. Fish Res.Bd. Canada,No. 117,1958.

Report on Preliminary Design.and Cost Estimates of Experimental
Migrant Salmonid Deflector, Swanson, Wright & Co. Engineers Ltd. for
the Department of Fisheries of Canada. September, 1959 (Mimeo).

December, 1961



. R A 70
- DEPARTMENT OF FISHERIES, CANADA :
Fish Culture Development Branch

Cj) Subject . §LiEhL£ﬁL_§l§§,E¥Q£§n_i03 Aeegglegzllnth So k_xe_agegh.ﬁpe____g_
'Purpose "1 To determine the hydraulnc and geologic factors associated w1th the se-

. lection of spawning sites by beach spamning sockeye salmon, to predict
the probable effect on the beach spawming population of the proposed -
power development on Great Central Lake,. and to assess the feasibility

L of artlficlal spawning beaches as a possible solutlon to the problem._
_Dggetion 11959 continuing. ' , '
" Location & Great, Gentrel Lake, Vancouver Island, B.Co

In Charge ' : K.C. Lucas, P. Ryan, F.C. Boyd..
Cooperating

Agencies. _ . _ , .

" Personnel ¢ One engineer, one biologist, one technicisn.’ ,
‘Gogt .1 Capital costs = (1959-61) "= $17o 100. '
R ;Operatlon costs during 1961 - .7,000. ,
Results - ¢ In 1959 an artificial - spawnlng ‘beach measurlng 50 ft. by 100 ft, and ex-.

tending from 10 to 60 feet below water surface was successfully con-.
" structed on a section of Forestry Camp Oreek alluvial fan only spor-' -
adically utilized by spawming salmon, During sockeye spawning in 1960, -
. - a percolation rite of 1/100 gpm per sq. ft.(50 gpm total) weis applied to-
' - the artificial beach through the underlying network of perforated plastic.
<:> . pipes. ‘Despite the fact that between .2300 and 4500 gpm of flow was- per=- o
colating from other parts of the delta, principally 1200 ft. east of
. the artificial beach, several dozen sockeyt spawners were observed’ holding
over the deep portlon of the artificial area, and several redds were - -
later located. Average survival of- basket ;ﬂants of eyed sockeye eggs R
. in the artificial beach wes 98%,. = . -
’ In 1961, control of the stream source of percolation for the- delta
" -was .effected by the construction of a 48-foot high concrete arch dam on
bedrock’ at the upstresm end of the al]uV1a1 fan, All ‘stream flows up‘to.
165 cfs are intercepted at the dam and dlverted to the lake via a 42"
- diameter pipeline 1800 feet long. These works eliminated the major source-
of ground water percolation in the fan ‘except from heavy rains. Five deep
" holes drilled into the delta and provided with perlorated casings. allow
- the measurement of water ‘table fluctuations,  subsurface temperatures and -
ground water conductIV1ty. ‘A ground water piezometer was modified to
detect’ and measure subaqueous’ percolation on the delta. front. .-

After closure of the diversion dam in August of . 1961, water teble
levels in .the delta lowered counsiderably and percolation rates in natural
spavning areas fell to a very low level. " Considerable. numbers of -sockeye
congregated at the artificial beach durlng October and November. and 50
to 100 fish spawned there.  The majority of sockeye moved to the natural .
spawning .areas after heavy rains in late November 1ncreased nabural B
percolation ito pre-divers1on levels.

; ent ‘With further studies it is hoped to predict the effect on Great Central
: _ ~ . Lake sockeye beach spawning of a change in lake -levels by .the ‘proposed ©
<:> - ' - - .Stamp River power development. A possible’ solution. to problems which may
occur would be. artiflclal spawning beaches such as the one presently
under study. : :

0
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_Beportsl 2 To be prepared. . . :
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DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

Chase Waterworks Digtrict Water Supply Intake,

To design an invake to prevent the entry of juvenile salmon
into the water supply intake on the South Thompson River.

1960-61.
Near Chase.

L. Edgeworth.

International Pacific Salmon Fisheries Commission.

Ons engineer,

$300. .. |

A flat plate type screen was designed by the consulting

engineer, M.L. Wade. The design was examined and approved
as satisfactory for a diversion of up to 1,000 gpm. -

December, 1961

-AT1



A 72

, DEPARTMENT OF FISHERIES, CANADA
- ‘ ‘ Fish Culture Development Branch

S

Subject : Gity of Prince Rupert Water Supply, -
'Purgose ‘ ¢t To design screens to prevent the entry‘ofljﬁvenile salﬁbp.

into the City of Prince Rupert water supply intake on
Shawatlan Lake.

Durgtion ¢ 1960-61. . " (
Location H Neaf Priﬁce Rupert.’ ‘
In Char 3 L. Edgeworth.
Cooperating
Azencies :
Pergonnel  : Engineer.
Cost .‘z $100. _
- Regults ! Removable flat plate tjpefscreens were deéigned by éhe .

. consulting engineers, Associated Engineering Services Ltd.
The design was examined and approved as satisfactory for.

- & diversion of up to 4,000 gpm.

Asgeagment ¢

Reports H

December, 1961
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DEPARTMENT OF FISHERIES, CANADA
Fish Culture Development Branch

Water Supply to Dow Chemical Plant on Tilbur ry Islang;

To design screens to prevent the entry of juvenlle aalmon
into the water supply intake on the Fraser River.

1960-61,
Near Ladner,

C.H. Clay.

International Pacific Salmon Fisheries Commission.

One engineer.

- / ’ ’ ’ \
$100.
Removable flat plate type screens were designed by the
consulting engineers, Phillips, Barratt and Partners.

The design was examined and approved as satlsfactory
for ‘a diversion of up to 7,800 U.S.gpm,

December, 1961
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‘DEPARTVENT 'OF FISHERIES, cavapA” - . IR
Fish Culture Development Branch : S

Egtgr Supply ;gg a P pgg d Pulp Mill atGold River. . fii :

To determine the fisheries problems associated with a proposal
to divert.water from the lower Gold River to a pulp mill to-
be situated.at the mouth of the river on Muchalat Arm, and to

" recommend fisheries protecbive measures. .
"1960. Continuing.
,Gold River, diecharging into Muchalat Arm, Vancouver Island, B C.

C.H. Glay, R.L. McLaren.

g

_Fish and Game Branch, B C. Dept. of Recreation and Conservation.
‘Engineer, bioloaist, technicians.l. '
141, 500.

The Tahsis Company proposes to construct a pulp mill on the. f‘, -
. shores of Muchalat Arm, which would draw water from the Gold o

River via an intake located just upstream from tidal waters. -
Spawning ground surveys have indicated that the diversion would

not have a detrimental effect on spawning below the intake

if certain minor precautions are observed. Studies of available»7

' discharge records have supported this conclusion and it is

believed that if the intake is adequately screened, no fieheries ;‘_

'wAproblems will result.;-,-

'There has, as yet, been no announcement as to whether or not

- this proposal will be " impl.emented. - However, the Company's .
- engineera have already deuigned a plant intake which compliés ~

in all respects with the standards laid.down for fisheries

‘protection, and no ‘problens. are anticipated if the. development
_should be initiated. - .

Apnpublished"data.

B Deéeﬁber,31961d-‘
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A 75

- DEPARTMENT” OF FISHERIES,- CANADA
Fish Culture Development Branch

Hater Supply for & Proposed Pulp Mill st Union Bay.

To determine the fisherles problems associated with a proposal
to store and divert water from the Tsable River to a proposed

pulp mill at Union.Bay; and to recommend fisheries protective

measures, . R

1960-61. Continuing.
Tsable River, near Fénny Bay, B.C.

R.E. McLaren, R.N. Gordon. ,1

Fish and Game Branch, B.C. Dept. of Recreation and Conservation.
Engineer, biologist.
1961 - $200.

Canadian Collieries Resources Lid. propose -to construct and operate
a pulp mill at Union Bay. Application has been made for water
licenses which would permit storage of water in Poum Lake in’ the
headwaters of the Tsable River, and diversion of water from the
Tsable at a point approximately three miles from the mouth.

Since coho, chum, and pink salmon, and steelhead trout utilize
the lower six miles of the river, preliminary assessments show
that the proposal, if and when it is implesmented, could pose
several fisheries problemp. Specifically, these are; ensuring
that  adequate flows are maintained in the river, screening of the
intake, and provision for fish passpage at the point of diversion.
Studies of these problems will be continued as basic date re-

"garding both the fiaherles regource and the proposed development be-

come available.

The Company apparently has not yet reached. a decision as to
whether or not the proposed development will be undertaken.
However, in the event thali an affirmative decision should be
made, collection of basic data concerning the fisheries of the
system is continuing.

Unpublished data.

December, 1961
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A6

DEPARTMENT OF FISHERIES, CANADA e
Fish Culture Development Brench - : R

mmm.&wam r_Dey g’icp&néng..

To analyze @ B.C.- Pover Commission proposal to sluice. silt
deposits from the forebay of the Shuswep Falls power. development;

. "and to recommend procedures and ‘precautions which would safeguard

"the fieheries intereats.
1960-61. Continuing. §

Shusuap River, between Mabel Lake and Shuswap Falls, near i

. in the forebay of this plant, had’ reached a level 'vhere it re—

_ Povier Commission propoeed to remove this materiel in -the spring“

R.N. Gordon, D. MacKinnon.

‘One-engineer,’one'biologiat, one,tephniciaﬂ.l'

NN . . . . ‘1
- ) ' =

$1,200.
By the fall of 1960, silt and. debris accunulating over the years -
portedly constituted a threat to.the. plant machinery. The

of ‘1961, by emptying the forebay of all. water, and, by means-of -

" alternating "cutting" and “flushing" flows, controlled by an-

_upstreem ‘storage dem, silt and debris could be removed hy-

draulically through two low-level sluiceways in the.dam. This o

' ’:,proposal posed two possible threats to the fisheries resource.’

Siltation of coho and spring spawning beds downstream from the -
dam was a very reel possibility, as was the reduction in flow.”

For this reeson, efforts were made to have the ‘operation scheduled
for a period after emergence from the'gravel, but flow conditions-

“expected at that time of jear were not compatible with the pro- «,;-:*

posed operation. In view of the urgency with which the Power
Commission viewed the situation, the operation was allowed to:

- proceed on schedule with fisheries observers at the site, . . .

While heavy siltation was noted in the slow-mov1ng reaches ]
of the river, the main spawning areas did not appear to be L
seriously affected. Test samples of coho and spring redds

indicated. normal . surv1val.~ : )

- : N ' .December, 1961
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. D A-T7
. DEPARTMENT, OF- FIoHERIES, canaps -
. Flsh Culture Development Branch o

- /'
z,M;ll Water ougplx for No randa Mlnes Ltd
: To d631gn screens to prevent the entry of juvenlle salmon

_.into the m111 water supply on the Toquart River. Cos :
: 1961.‘: L o _ o o -_, _‘ ) . \.;
::Barkley Sound._‘
;,L. Edgeworth. :
: One englneer, one biologist.»
2 $100. - '." D ‘
: Removable flat plate type screens were de31gned by the ‘

-~ consulting engineers,. Wright Engineers Ltd. The design ~

~was examined and approved as satisfactory for a diversion

of up to 2, 500 gpm. : :
1-
" . December, 1961 -



A8

. DEPARTMENT OF FISHERIES, CANADA
C:) Fish Culture Development Branch

Moricetown Falls Hydro-Electric Power Development.

E
4

Purpose t To assess the fisheries problems associated with a prOpoéal to

develop hydro~electric power at Moricetown Falls on the Bulkley .
River; and to determine what fisheries protective devices will
be required.

Duration . 3 1961, continuing.
- Location ¢ Moricetown Falls on the Bulkley River, near Smithers, B.C.

In Charge ¢ R.E. McLaren, R.N. Gordon.

Cooperating
Agencies : Fisheries Research Board of Canada.

Fish end Game Branch, B.C. Dept., of Recreation and Conservation.
Personnel 1 ¢ Engineers, biologists, techniciang, and casual field assistanta.
Cost’ ¢ 1961 - $17,000.
Results ¢ When the B.C." Power Commission served notice of this proposed

C:> ) ‘ development in January, 1961, the fisheries agencies expressed
grave concern with respect to the important runs of .sockeye, coho,
spring and pink salmon and steelhead trout which could be seriously
affected by the development. The Power Commission was advised that .
several years of study and data collection would be required before
the fisheries problems inherent in the power proposal could be
evaluated. The Power Commission then suggested that power develop-
ments on the Fulton and Pinkut systems (q.v.=-pp.A 79 end A 80) :
tributary  to Babine Lake, would constitute suitable stop-gap deyelop- -
ments pending completion of the fisheries studies. In view of the
importance of all of these systems to the fishery, a comprehensive
study of the fisheries problems associated with all three pro-
posals was initiated in the spring of 1961 and is atill continuing.
Data concerning the magnitude, timing, distribution, etec. of the
spawning migrations was collected this year, as was similar data
relating to downstream migrations. Other related factors such as
temperature and discharge were carefully recorded; and preliminary
engineering studies were initiated. It is contemplated that all
of these studies will be continued in 1962. - '

Assessment : When sufficient data has been collected and details of the power
development are made known, recommendations for fisheries pro-
tection will be developed.

Reports s Unpublished data.

O

December, 1961



A9

DEPARTMENT OF FISHERIES, CANADA
Figh Culture Development Branch

Fulton River Hydro-electric Power Development.

Subject :
Purpose t To assess the possible fisheries problems posed by a proposal

to develop hydro-electric power on the Fulton River; and to
recommend fisheries protective measures.

Durstion ¢ 1961, continuing.
VLOQafion ¢ Pulton River, tributary to Babine Lake, near Smithers, B.C.

In Charge t R.E, McLaren, R.g. Gordon.

Cooperating
Agencies ¢ Fisheries Research Board of Canada.
Fish and Game Branch, B.C. Dept. of Recreation and Conservation.

Personnel ¢ Engineers, biologists, techniciaqs, and casugl field assistanta.

Cost : 1961 = $7,000.
Regults ¢ The B.C. Power Commission proposes to develop the hydro potentiel

of this system by damming the outlet of Fulton Lake to create a
storage reservoir, and divert flows from the Leke to a powerhouse
to be located at the base of the falls, which is impassable to -
migrating fish. "Superficial assessment of the proposel reveals

no direct threat to the fisheries of this stream inasmuch as the
power development would. be located upstream from the spavning.
grounds. However, in view of the importance of the Fulton to the
fishery (20% of the Skeenus sockeye run) it has been deemed necessary
to study all aspects of the proposel to ensure that the fisheries
will be maintained. In 1961,therefore, a comprehensive program was
initiated to collect data regardlng water quality; temperature;
discharge patterns; timing, distribution, and magnitude of the
spawning migration, etc. These studies will be continued in 1942
as all of these factors will be of importance whenever it becomes
necesgsary to decide whether or not the proposal can be implemented,
and if so, what protactive measures will be requirad on behalf of
the fisheries interests. ‘

Asgegsment ¢ When sufficient data has been collected and the details of the
pover proposal are revealed, recommendations for fisheries
protection can be advanced.

Reports Unpublished data.

December, 1961



A 80

DEPARTMINT OF FISHERIES, CANADA
Fish Culture Development Branch

Subject : Pinkut (15 - Mile) Creek Hydro~Electric_Power Development.,

Purgose : To assess the fisheries problems associated with a proposél to
develop hydro-electric power on Pinkut (15 - Mile) Creek, tri-
butary to Babine Lake; and to recommend protective measures.

Duration ¢ 1961, continuing.

Location -3 Pinkut Creek, tributary to Babine Lake, near Burns Lake, B.C.

In Charge ¢ R.E. McLaren, R.W. Gordon.

Agencies ¢ Fisherieg Research Board of Canada.
) Fish and Game Branch, B.C. Dept. of Recreation and Conservation,

g
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Engineers, biologists, technicians, and casual field assistants.

et
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1961 - $5,000.
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The B.C. Power Commission hydro proposal envisages the con-
struction of a low dam at the outlet of Taltapin Lake to create

a storage reservoir, and the diversion of water from the lake

to a powerhouse to be situated at the base of a falls, which is
impassable to salmon, This proposal and its related fisheries
problems are not unlike those associated with the Fulton River
proposal (q.v.-pp.A 79), and since the latter is given higher
priority by the power agency, fisheries studies in 1961 were con-
centrated accordingly. Nevertheless, certain basic data regarding
escapement and distribution of spawners was obtained at the Pinkut
in 1961, and thermographs were installed to record water tem- '
peratures. A water level recorder was installed for measuring
river discharges. These studies will be continued in 1962.

If either the Moricetown Falls or Fulton River power development
is undertaken, development of the Pinkut site would not be
roequired before 1970. For this reason, present studies are being
concentrated on the former sites, although certain basic data .
collection has already been initlated at the latter. These
studies will be intensified if the power agency should place new
emphasis on the Pinkut as a power site.

Assessment

Unpublished data.
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December, 1961
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4 o DEPARTMENT OF FISHERIES, CANADA
<:> Fish Culture Development Branch
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Coho Salmon Underyearling Rearing Studies, ‘ |

- “Purpose ¢ 'To assess the environmentsl requirements of rearing underyearling
coho salmon with specific referasnce to the effect of reduced flows
from hydro~electiric development on the rearing capacity of stresms,

1961, continuing.

o

fod
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=
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Location : Experimental Rearing Facilities are adjacent to a portion of the
' Robertson Creek spawning channel, near Alberni, B.C.

In Charge ¢ D. MacKinnon, C.P. Ruggles, K.H. Kupka.

Cooperating

Agencieg :

Personnel : Biologists, engineer, technicians and temporary field assistants.

Cost, : Capital cost of facilities (constructed 1959-61) - $50,500.
: Design and construction overhead (1959-51) - 6,000.

Operating cost, 1961 ' - 15,700,

A unique experimental facility has been provided to study the
environmental requirements for rearing underyearling coho salmon.
) : - The facility has been designed so that a variety of natural

: gtream conditions can be simulated simultaneously in a system.
of parallel channels for comparative-type experiments. Most
of the major stream environmenval variables can be controlled
and measured in the experimental aree. Experiments were
initiated in 1961 to assess the approximate natural holding
capacity of the channels., It was found that a four=foot deep -
channel had about the same fish capacity as a one-foot deep ‘
channel, viz, two to three fry per square yard of bottom. The
coho fry reared in the deep channel showed more growth than
those in the shallow channel. '
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The establishment of suitable flows for rearing of underyearling
stream resident salmon and trout has been a major uncertainty
in diversion-type hydro-electric and water supply developmehts,
This is the first major program designed to provide answers

to these problems which are so prevelent in British Columbia -
water-use projects.

Reports The Robertson Creek Spawning Channel by K.C. Lucas. The Canadian

Fish Culturist, No. 27, pp 1=25, August, 1960,

December, 1961 °
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Reports

B1l

FISH AND GAME BRANCH
Department of Recreation and Conservation

Effectiveness of Halcheries in Maintaining Trout Populationg in

To estimate the contribution of hatchery~reared trout to existing
natural populations in lakes.

Continuing.

Paul Lale, near Kamloops, British Columbia.

ReG. McMynn and P.A. Larkin.

Institute of Fisheries, University of B.C,
Creel census crews intermittent.
$2000 annually.

Creel census records show that up to 50% of trout stocked in one.
year may be taken by anglers in the year followinge. Trout must be
reared for one year before they can contribute a high percentage of .-
the catch following release. Planted fry do not contribute greatly -
to the sport fishery in lakes where any species of competitive and/
or predator species cohabit with trout. _

The purpose of the study is to assess the economic and biologieal
factors involved in maintaining or supplementing trout stocks with -
hatchery reared trout, .

Interval reports, Game Commission, typed.
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Dupation *

In.Charge

"Cooperatlng

Ac; gngiga
Ber.sannal

é rout Lg; _Q_it_qu

.To assess, the effects on flShPrieS of proposed West Kootenay
water storage project at Trout Lake. S o

/

.Trout Lake and associated system. -

'P A. Larkln.

B2

"'FISH AND GAME BRANLH
Department of Recreation and Conservation

A

1949-1950. :

One biologist,,several_SuMmer-assistants:part:tine;u

$10,000,

_Surveys indicated that neither productivity nor spawning facilities ]
-of Trout. Lake should be- serlously affected by lowering of lake level.

‘,Compensation for loss of spawning grounds. in upper Lardeau River 1s -
" suggested. A minlmum flow on Lardeau is recommended. ‘

Maintenance of adequate flow in Lardeau River is. most important _:

. fagtor to be-considered..- Further study when water-storage and
T-regulation are implementod, is: suggested.

- PsA, Larkin, 1951.. Thé effects on flsheries proposed Uest Kootenay :

. water-storage project at Trout Lake. Manag. Publ. B.C.:Game

.Gomm1831on 1e

duly 1, 1958 .
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Purpose
Durstion *

‘- ,In{Chg?gg. :

" Gooperating
- Agencleg ¢
.'ngﬁgnngl'ﬂ:
, gggj S
_Bg_ﬂ},li}_ﬁ 3
Agggggggnt.:
<.

$5,ooo. .

' mlvratlon of undesirable species.

/FISH AND GAME BRANCH -

" Department of Recreation: and Conservation

\

Negchako Lakes Study

To assess effects.on spOrt.fish.popﬁlatigné-of %ﬁe,thny gam;prﬁjéct.'

.

_31950 to present‘ . - o
; 'Nechako system. : . 4
;.A. Larkin, - R.G. McMynn J.C. Lyons. iﬂ
o o o L f S : S _f/' Co
Alumihum Company 6f Ganada. o L S S ;L

Two bloloclsts, part timea

A preliminary survey established the nature of “the lakes before '

'floodlng. To" date no after—effects survey has been conducted. A’

barrier was. constructed on Eastern lakes system to. prGVent upstream f

In need of further study.

Manuscript on flle Fish and Game Branch. B

s e

July 1, 1958
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Results

FISH AND G.ME BRANCH
Department of Recreation and Conservation

To assess the effects on fisheries of present and future
water utilization in the Campbell River drainage area.

1951-1953, ' -

Campbell River drainage area.

P.4. Larkin, D.R. Hurn.

Three biologists part time.
%2, 000.

Present and probable effects on lake productivity resulting
from morphometric changes and fluctuation of wvater level,

on spawning facilities and on fishability of waters are
postulated from data of short term field surveys.

Data obtained on growth rate of present trout stocks and
fishing success from creel census, '

The necessity of more extensive investigations to reveal in
greater detail the complexity of environmental changes re-
sulting from water utilization as well as follow-up surveys
is stressed.

.

The Effects.on Fisheries of Present and Future Water Utilization

‘in the Campbell River Drainage Area, R.G. McMynn and P.A. Larkin.
‘Manag. Publ. B.C. Game Comm., No. 2, 1953. ‘

July 1, i958
Revised December, 1961
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o) Assesament

Reports

N N R ) ! B5
FISH AND GAME BRANCH /
Department of Recreation and Conservation

¢ Whatshan Lake Study.

To assess effects on sport fish populations of reservoir clearing. .
1951 to present. -
Whatshan dam (near Needles)

P.A. Larkin (formerly). R.G. McMynn.

One biologist part time.
$1,000. ' "

An experimental. ares on stending timber was left in order to assess -
effects of flooding on bottom organisms in uncleared reserveirs.

Recheck of experimentzl area required.

Internsl reports, Figh and Game Bran-h files.

July 1, 1958.



_B.6

FISH AND GAME BRANCH
Department of Recreation and Congervation

Subiect ¢ Productlon of Trout in B Bl 0

Purpese ¢t To assess the effects on native trout populations of storage on
lakes for power development.

Dyration $ 1951 - indefinite.

Location & Various recently defeloped-storage reservoirg.

In Charge ¢ R.G. McMynn, E.H. Vernon.

Cooperating

Agenclea 3 ‘
Personnel ¢ Two biologists.

Cogt z $1,000 to $8,000 annually.

Resgults ¢ Complete limnological end spawning area surveys have been made on
- several lakes previous to ingtallation of storage dams. No results
will be availaeble until the reservoirs are filled and follow-up
surveys completed.

Agsessment ¢ Effects of changed and fluctuating lake levels on trout production
may be profound and quantitative information is required beforo
compensatory measures can be initiated.

Reports . ¢ Larkin, P.A. 1951. The effects on fisheries of proposed West
Kootenay water storage preject at Trout Lake. Management Publ. B.C.
Game Commission No. 1.

McMynn, R.G. & P.A, Larkin. 1953. The effects of present and
future water utilization of the Campbell River drainage area.
Management Pub. B.C. Game Commission No. 2.

Withler, I.L. 1956. A limnological survey of Atlin and Togish
Lakes. Management Pub. B.C. Game Commission No. 5.

Various internal reports.

July 1, 1947,
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~ FISH AND GAME BRANCH
Department of Recreation and Conservation

Subject :,Stream Fie agggfj_g_ ion of Trout
Purpoge : To study the relation of low summer stream flows tO-theAproduction'

of reandent ‘and mlgratory trout. To maintain and augment minimum
flows, : '

Duration @ 1952 - indefinite.

Logcation hiSalmon Piver, Langley,,Blg Qual:cum R1ver, various other coastel

- gtreans,.
: Mbmgg ¢ E.H,- Vernd,n.
‘Cooperating - -
Agencies _ -3 |

Personnel : One blologlst, part time,

Cost, | ¢ To date §2,0003 projected 1958 -~ 59 ~ $10,000.
Results - ¢ From a twomyear study of Salmon Rlver, Iengley, it was concluded

" that further diversion-of water for irrigation would geriously.
reduce numbers of trout and -salmon. As a result. of recommendations
no further dlvor31ons have been permitted. An industrial water -
storage project on Cowichan River was modified to include additional

- gtoragé for augmenting summer low flows. Engineering plans have
been completed for storage of water in Horne Lake to augment summer
flows in Big Qualicum River, The biological effects of this project
are .to be assessed. o : o .

Assessment ¢ Many hydro projects include diversion of water from streams to the -
- detriment of fish. Generally reduction of flow will reduce pro=-
. duction.of fish in streams but more pregise 1nformatlon on optimum
flows is required. .. - :

Mclynn, R.G. & E.H. Vernon. 1954 Physical end biological obser=
vations on the Salmon River, Fort Langley. (typed onlv)

Reports

July 1, 1957.
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Agencies
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Personnel

Assessment

Reports

FISH AND GAME BRANCH
. Department of Recreation and Conservation

Libby Dam Study.

: To assess the effects on fisheries of a proposed dam on

the Kootenay River at Libby, Montana.
1952 and 1961.

Kootenay River frdm U.S5. Border to Wardner, B.C.

F.P. Maher.

U.S. Fish and Wildlife Service.
One biologist, one agsistant.
$500.

Dam will flood 42 miles of excellent Kootenay River fishery
and replace it with a reservoir of doubtful value for
fishery or other recreational purposes. Reservoir draw-
down will cause unsightliness and reduce productivity.

Compensation should be by provision of access and develop-
ment of fishing areas nearby.

B &

Effects on Fisheries of Columbia River Development, F.P. Maher,

1961.

July 1, 1958
Revised December, 1961
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FISH AND GAME BRAMNCH
Department of Recreation and Conservation

Subject + Factors in Migration of Young Rainbow Trout in Outlet and
' dnlet, Streams of a Lake.
Purpoge ¢ To determine factors involved in movement,of‘young rainbow
trout from outlet and inlet spewning streams to lake.
Durstion ¢ 19531957,
Location = ¢ Loon Lake, near Clinton, B.C., Institute of Fisheries

| Laboratory, University of British Columbie. .
In Charge : T.C. Norfhcote.

Cooperating - ’ ) :
Agencies ¢ Department of Zoology, University of British Columbis.
Personnel ¢ Two biologists part time, two assistants summer.
Cost : $10,000.
Results : Rainbow fry in the outlet stream maintain their position for the
~ first few weeks after emergence, while similsr fry in the inlet
‘stream lose position in the dark and are carried downstream to-
wards the lake. After the outlét fry reach a length of 40 m.m, or.
- larger and corresponding to hlgher water temperatures in July, many
begin an active upstream movement towerds the lake during the day.
A similer upstrezm migration of fingerlings was also noted. Both
of -these migrations were affected by water temperature. Down-
.8tream movement of fry in the inlet stream could be halted by the
use of artificisl light, and similarly, the presence of moonlight
inhibited such movement, Conversely, the occurrence of -heavy .
cloud cover promoted dovmstream fry movement. The few_fingerlings .
inhabiting the inlet stream show no distinct trend of movement,
Assessment ¢ This study will determine effects of water temperature (both
the effects of different temperature levels as well as temper-"
ature changes) and of illumination on the behaviour of young
rainbow trout. This information mey be of considerable value
in predicting effects on trout populations of dams and di- A
versions which usually alter temperamure and other characteristlcs ‘
.of the trout's environment, : - '
Reports : Movement of Young Rainbow Trout in the Inlet Spewning Stream

of Loon Lske (Typed), T.G. Northcote, 1957.

Effect of Photoperiodism on Response of Juvenile Trout to Water
Currents, -T.G. Northcote. Nature, 18l: 1283-128/, 1958.
Migratory Behaviour of Juvenile Rainbow Trout, Salmo gairdneri,
in Outlet and Inlet Streams of Loon Lake, British Columbia,
T.G: Northcote. J. Fish, Res. Bd. Canada (in press), 1962,

July 1, 1957
Rev1sed December, 1961
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FISH AND GAME BRANCH
Department of Recreation and Conservation

Mica Creek Dam Study.

To assess the effects on fisheries of a proposed dam on
the Columbia River at Mica Creek.

i

1954 end 1961,

Columbia River from Mica Creek to Donald, B.C.

'F.P. Maher.

‘U.S. Fish and Wildlife Service.

One biologist, one assistant.

$1, 300.

At the present time no sport fishery is present in the
area to be flooded. .Establishment of a reservoir should
provide a limited fishery. Reservoir should be cleared
of standing timber. :

Effects on Fisheries of Columbia River Development, F.P.
Maher, 1960.

July 1, 1958
Revised December, 1961
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FISH AND GAME BRANCH
Department of Recreation end Conservation

il S

To develop economical methods of maintaining steelhead
populations with hatcheries.

1954, continuing.
Lower Mainland and Vancouver Island,

'R.G. McMynmn.

Two biologists, hatchery staff.
$15,000. annually.

Returns of different sized and aged steelhead smolts
raised in hatcheries have been compared. Smolts released
in excess of 1l.5 per pound yielded considerably greater

- adult returns than did smolts released smaller than 11,5
per pound. Smolts released prior to June 10 yielded con-
siderably greater adult returns than did smolts released
after June 10. Highest survival was realized from smolts
of 10 per pound released in mid-April in the Vedder River.

Steelhead plantings, for maximum benefit, should be under-
taken at optimum size and time,

Steelhead Propagation in British Columbia, J.W¥. Cartwright,
1954=1959. >

July 1, 1357
Revised December, 1961

B 11
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FISH AND GAME BRANCH ,,
- Department of Recrsation and Conservation

Subject; : LMQ,S.QEELQI:Z}__%J& :e.ajimx

Egggggg ¢ To assess possible effects of proposed hydro—electric storage
regervoirs in Yukon River - Atlin Lake = Taku River power project.

* Duration

s 1955
Logation ¢ Atlin, Southern Tagish Lakes.
In Gharge ¢ R.G. McMynn.
Cooperating
Agencies ¢
Pexgonuel ¢ Two'biologists, part time assistants.
géﬁg ¢ $22,000.
Eégglgs ¢ Limnological surveys indicate that Atlin Lake is relatively un-

productive and would not be seriously affected by raise in lake’

level although some lake spavming grounds may be temporarily

damaged. Tagish Lake shares similar unproductive features with .-
“Atlin, bubt mey be more serlously affected by raising of lake 1evel.

. Asgessment : Slight proposed increase in lake level on Atlin lake may not have h,
' serious affect on productivity, however an increase in lake level
of some 60 feet on Tagish lake may be deleterious. '

I. L Withler, 1956, A limnolOnlcnl survey of Atlin and Southern
Tagish lakes. Manag. Publ. 5e - "B.C. Game .Commn.

Reports

July 1, 1958.
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B.13
FISH AND -GAME BRANGH
Department of Recreation and Gonservation

Eﬁﬁggtg of. Vater Dive ;‘ sion og‘Fj,sh Digtribution

To assess- possible effects of several. proposed water- diversions
on fish dlstribution in British Columbia.

1956.
Northern British Columbis.

G.C. Lindsey, -

‘wa biologists, part;timeo'
$600.

The contlnental div1de forms a break in fish distribution, 35 of
the 57 species on the Pacific slope in B.C. do not. occur in the
Mackenzie or Yukon River drainages of the province, and 11 of the
33 species in the latter area occur nowhere on the Pacific slope.
Some proposed water diversions for hydroelectric. development would

- cross the continental divide, and are likely to produce striking
changes in fish distribution. A proposed Liard-Stiltine diversion -

would probably introduce several species, including trout, into the”
‘upper Liard River, and several other species, including northern pike
(Esox lucius) into the Stikine River. - A proposed Peace~-Fraser diver-

. gion would introduce into the Fraser River arctic ‘grayling,. and
. possibly several other gpecies including northern pike. Other propos-

ed diversions are dlscussed, and their probable affects on fish dis-
tribution are listed. " Aay diversion introducing pike into waters

" . supporting Pacific salmon (Oncorhynchus) is lisble to be economically

Asgessment;
Reports

- harmful, as pike are vorscicus fish-eaters. .Pike are also vectors of

Triaenophorus tape-worm, which has been found in Alaska to encyst in
.the flesh of Pacific salnon_in a watershed inhabited by pike.

s See results.l

; C. Ci'LindSey, 1957, Possible- effects of water dxversions on fish

distribution in Brltish Columbia. J. Fish. Res. Bd. Canada 14 (4) s
651—668

July 1, 1958,
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FIsSH AND GAlE BRANCH
Department of Recreation and Conservation

esidualism in Coho Salmon,

To study the effects of a small recently craaued reservoir on
the mlgratnry behaviour of coho.

1956-1959.
Cleveland Dam, Capilano River, Vancouver, B,C.

Withler.,

I.L.

Fish Culture and Development 3ranch, Dept. of Fisheries.
One biologist, one technician.
$6,000.

From préliminary observations during study.of spillway mortalities
at the dam, it appears that if the seaward migration of coho is
delayed to the summer, many migrants remain in fresh water until
the normal migration period the following spring. It also
appeared that at least some of these deJayed migrants tended to
mature after a few months of marine life and return as mature

fish of approximately one pound. Thc program for 1957 is re-
stricted to sampling with gill nets in the reservoir and taking
scale samples and measurements of the adult run.

Scale-reading and length measurements indicate that growth
within the reservoir is more rapid than for fish within the riwer.

Information on the effects of reservoirs on the migration of

salmon and trout is required in predicting the effects of future
impoundments. '

Data on file.

July 1, 1957
Revised December, 1961.
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B 15

FISH AND G4bE BRANGCH
Department of Recrestion snd Conservation

: Investigation of Genetic Characteristics of "Summer" and

"winter! Runs of Anadromous Steelhead Trout.

To assess the characteristics of runs of steelhead trout -
with respect to timing of entrance to fresh water from the
seaz.  To investigate physiologicel and morphological dif-
ferences in steelhead trout wilh reference to their state

of sexuel maturity on entrance to fresh water from the sea.

To apply this knowledge to artifieial propagation of juvenile

migrant steeclhead trout.
1956, continuing.

Capilano River, Vancouver; Smith's Falls Hatchery, Cultus
Lake, Chilliwack.

SeB. Smith.

Institute of Fisheries, Depariment of Zoology, University
of B.C.

One biologist, hatchery personnel tart time.
$5,000. annually.

Progeny of "winter" steelheads, which enter fresh water
from the sea in an advsnced state of sexual maturity and of
"sunmer" steelheads, which enter fresh water from the sea
in a sexually immature state return during the same season
of the year as did their parents. Summer steelhead have
bifurcate gill rakers, winter steelhead do not.

A Hote on Two Stocks of Steelhead Trout (Salmo gairdneri)
in Capilano River, British Columbiz, S.B. Smith, 1960.
Variations among Life-history Characteristics of Steelhead

Populations along the Pacific Cozst of North America,
I.L, Withler, 1960,

July 1, 1957
Revised December, 1961
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" Cooperating
Agencies
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~ FISH AND GAME BIAICH

Department of Recreation and Conservation
Rainbow Trout of Kootenay Lake.
To obtain detailed information on the life history of
Kootenay Lake rainbow trout with special reference to
the Lardeau River spawning run,
1956, continuing.
Kootenay Lake area.

RQG. MCM ] J.W. Cal‘twright.

Biologist, part timeiﬁssistants;

Detailed life history data obtained Between’l958-1960;
adult spawner counts continuing.

Investigation of the Rainbow Trout of Kootenay Lake, British
Columbia, with Special Reference to the Lardeau River, J.W.
Cartwright. British Columbia Fish and Game Branch Manag.
Publ. 7, 46 p. 1961.

- December, 1961

B 16



. FISH-AND.GAME BRANCH
Department of Recreation and Conservation

R

~

“Subject‘

:'Peace River Survey. ; _ R i
Purﬁege‘ é To assess possible effects of hydro-electric development
g :4‘ ~ on the Upper Peace Rlver and its tributaries.
Durstion  t 1959. |
: Locatioﬁ s Peace,-Parsnip; ahd Finlavaieers.
'In Charge @ I.L. Withler. | | |
~ Gooperating A ‘ |

Agencies ¢

Pergonnel : Two blologists. _ _ _
Gost K $5oo. | T ‘ﬂ 1
Results | | B N
‘ ' A net gaie to the spoft'fisherf)withln the reservoif'efea

%:b
.*Ul
@

(]

B (1

- 'will probably be realized if water is stored in the upper
.Peace River. - A commercial fishery for whitefish might .

. become established following establishment of a reservoir. ,
The reservoir should be cleared of standing and free- o7
floating timber. Measures should be teken to prevent the
transfer of Northern pike and Triaenophorus crassus (e
;tapeworm) from the Peace to Fraser River system.

" Fisheries Problems Assoclated with Development of the Peace
 River and.its Upper Tributaries for: Hydro-electric Purpose,
I.L. Withler, 1959. ° »

Reports

.- !

!

B e .- December, 1961



'A.Loeation R Chllko, Taseko Lakes and Rivers.

‘InGharge ¢ L.L, Withler..

- Reports ¢ Nonme to date. L " : , . L

> B18

FISH AND GAME BRANCH
Department of Recreation and Conservation St

* ‘Subject ~, s Chilko, Taseko Lake Survey; :

" gg;pggg 4 .j' To-assess possible effects of proposed hydro-electric
s development on the Taseko and Chilko Lake system.
- Duration 1959, continulng. ' '

/ .

RN

. Agencies " 3 Department of Fisheries of. Canada and International Pacific ,
. ’ Salmon Fisheries Gommission.' BV '
'Persohhel ¢ Two biologists.
Cost :. $200. |
' Re ¢ Storage of water for hydro—electric purposes will have no

"effect on sport fish of Taseko and Chilko Lakes. - Chilko A
Lake reservoir should be cleered of standing timber. Min-. .
" imum flows should be ‘maintained in Taseko and Chilko Rivers :
downstream of 'diversion p01nts for preservation of steel-

head runs. :

" Assessment K Assessment'ofAeteelhead runs in rivers continuing.

- N " -". December, 1961

te



FISH AND GAME BRANCH : :
Department of Recreation and Gonservation o

' Subject ngpe;i&;gg Relgtiona Be&wegg_guxenile gg;g ggd
. o Oncor chu _in Coastal Stgeamg. -
Purjoge . 31Te determine ‘environmental requirementa for juvenile trout

and salmon in streams and to examine some fectors which .
nay limit their production in etreams. _ _ S

Qggég;gg' .1959, contlnulng._ . .
LogetiOn.' ;”Sevepal cosstal streams ircluding the Salmon, North and
- - South Alouette, Little Cempbell and Chilliwack rivers.:
lg_gb__am . :,I’G.F'.'Hartman. | |
| Coopgrating"' -
AE:O..._i.e.E ¢ ; . A o
',Per onne] :ABielegist and aésistentsjpart‘fime.- :
Coet :'$7 000. ' annually. “
Regults 3 Collectlone of fish end environmental date have been -

~

obtained: from all study streams for at least one complete
- year; laboratory experiments now being set up..- i

Asgeggment H |
" Reports- -

. ' _ : ;' I ‘%Ej". '»: SR December, 1961‘ '

-~
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- Agencieg

’

FISH AND GAME BRANCH
Department of Recreation and Conservation

BEysluation oﬁ Hatchery Stocking Program,

To evaluate (a) comparative survival of wild and domestic
stocks, (b) survival of equivalent numbers of hatchery
figh at four sizes, (c) effect of heavy egg planting,

(d) graded hatchery plants.

1959, continuing.

‘Several lekes.

S.B. Smith. !

Several biologists and assistants part time.

r

Netting data still incomplete,

~

December, 1961
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" Cooperating

Agencies
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‘ _ FISH AND GAME BRANCH
Department of Recreation and'Conservation -
. : /

Fulton River Survey. A . - . .

1

-To asseéS'peSSible=effecte'of.hydro-electric'develepment '

on the Fulton River, tributary to Babine Lake.
1960. o R

: Fulton Lake and River. .

"1'.,1,. ‘Withler..

~Department of Fisheries of Ganada and Fisherles Research h

Board of Canada.
Two biologists.
$200.

]

This hydro—electrlc development will heve little effect on .
the present sport fishery of Fulton Lake as sport fish are

~few and the proposed reservoir is isolated. The reservoir
.. .should be cleared of standing and free-flosting timber.

" The Fulton River is site of famous "Millionaires Pool", this

-sport fishing area will be unharmed if a minimum flow is

established to protect runs of salmon.

.Some Effects of Development -of Hydro-electric Power on the

Fulton River System, and 3ome Recommendations for the
Protection of Fish and Game Species and General Recreatlon.

I L. Withler, 1960.

December, 1961
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FISH AND GAME BRANCH
Department of Recreatlon and Conservation

’

Subject ¢ High Arrow Dam Study.
¢ To assess the effects on fisheries of a proposed dam on

Purpose
. the Arrow Lakes.,

Duration : 1961.
Location ' ¢ Arrow Lakes.
In Charge  : F.P. Maher.

' Cooperating _
- Agencieg H ~ C

Personpel  : One biologist, one assistent.

!:
o .
%

$8000 i
_Losses to sport fisheries due to dam construction will

be substantial because of flooding of spawning streams.
Losses may be minimized by reservoir clearing, construction
of artificial spawning grounds, stocking and stream im- -
provement work,

2

Assegsment

Effects on Fisheries of Columbia River Developmeni,
F.P. Maher, 1961.

_'>Regort§

December, 1961
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FISH AND GAME BRANCH
Department of Recreation and Conservation

Duncen Lake Dam Stu 'v

To assess the effects on fisheries of a proposed dam
at Duncan Lake.

1961.

Duncan. Lake.

‘'F.P. Maher.

‘One biologist, one assistant.‘

Sport fishing within lake presently of little value.
Spawning area for trout downstream of the dam must be
protected as it provides fry for Kootenay Lake fishery.
Further -survey required. Reservoir should be cleared.

Effect on Fisheries of Columblia River Development,
F.P. Maher, 1961,

| December, 1961

B 23



©

‘ Subject

- Purposge

Duration

Location

. In Charge
Cooperating

Agencies

Pergonnel
qut
Results

-Assessment

Reports

FISH AND GAME BRANCH
Department of Recreation and Conservation

Sport Fish Survey of Morice Lake and River,
To assess possible effects of proposed hydro-electric

development on Morice Lake and Morice and Bulkley Rivers.
1961, continuing.

Morice Lake and River, Bquley River.

Department of Fisheries of Ganada and Fieheries Research
Board of Canada. :

Two biologists.

$200.

‘None. to date. A survey will be undertaeken to determine

the effects to steelhead trout and resident sport fish
of water storage on Morice Leke and power development

‘on the Bulkley. River.

December, 1961 -

B.24
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c1.

X FISHLRIES RESEARCH: BOARD. OF CANADA
Pacific Biological Station

Ine Relstion Beiweegn Hgmhgz §pggng g ggg the Number gf
roguggg 10; Pink snd Chum Sglmog gt Port Jobg, B.C, C

‘To determine the density of spawning pink and chum salmon

. -which. provides the optimum yield of migrant fry -at Port John.

16(6): 835-886, 1959.

Continuing since 1947.
Port John, B.C.

Dr. F. Neave.

~

One scientist, two tecnnicians, three eeesonaikemployees;

195556 - $20,000.  1957-58 = $20,400. 196061 - $16,4oo‘
1956~57 = 18,900. 1959~60 =- 15,500._ L

Information has been obtained on variation in success of natural
reproduction for pink, chum, sockeye and coho salmon, desirable
density of spawners, relation between number of fry and returning'
adults, and effecte of predators on migrating fry.

i Fresh water eurvlval of the two specles has varied between -

0.9 to 37 per cent over 14 years, in which period a range of
0.6. to 5.2 of migrant pink fry returned as adults. At Port
John an optimun fry output (pinks, chums combined) of about

1 1/2 million results from the spawning of 10,000-12,000 ‘adults,
a density of the order of one female tol 1/2 square yards of
euitdble spawning gravel.

This program has initiated studies leading-to estimates of
optimum spawning density which could lead to more efficient
use of available spawning area should the latter be restricted
through multiplé water use (e.g., damuing and reduction in
spawning ground or improvement of spawning areas to maintaln
etocks)

Principles’ affecting the size of. Pink and Chum Salmon Populations
in British Columbia, Dr. F. Neave.. Journal Fisheries Research

Board, Canada, 9(9): 450-491, 1953.

Survival and Production of Pink and Chum Salmon in a Coastal )
Stream, J.G. Hunter. Journal Fisheries Research Board, Canada,.~

June 20, 1957
Rev1sed December, 961
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FISHERIES RESEARCH BOARD OF GANADA ‘
Pacific Biologlcal Station

Lo Deternine the Pivaicel end Chemical Réguigemengg_of'Develggigg |
Salmon Eggs. ' o

To acquire a better understanding of the factore influencing
survival of 1ncubating eggs. -

Started 1949: laboratory study completed 1954.

Biological Station.

W.P, Wickett.

One scientist, one technician.

1955-56 - $ 900.

.1956-57 - 1,200.

Survival of salmon eggs largely dependent on adequate flow of

- well-aerated water. Sufficient water provides necessary oxygen

to and removal of waste products from the developing eggs.

Such gas transport by water is ‘dependent on velocity of water

flow through the gravel. The velocity being dependent on per-
meability of the gravel and the hydraulic gradient. Temperature
influences rate of potential oxygen utilization and formation

of waste products by the egg.

Laboratory studies show that oxygen. levels below saturation reeult
in delayed development end hatching, production of deformed alevins

or death, Oxygen requirements increase as hatching approaches.

Carbon dioxide levels up to about 125 ppm do not interfere with
oxygén consumption but survival of eggs is related to carbon dloxide
concentration at all levels.

Volume discharge/unit area (apparent velocity) should be above
10 ew/hr for high survival.

Knowledge of the factors which influence survival of eggs should
provide means for assessment of production as well as an indication
ofjwhat_constitutes.good spawning gravel and remedial measures
which might improve natural production, Information on all speciee
and an increased: understandlng of temperature relationships is

required.

The Oxygen Supply to Salmon Eggs in Spawning Beds, W.P. Wickett.
Journal Fisheries Research Board, Canada, 11(6): 933-953, 1954.

Some Effects of Temporary Exposure to Low Dissolved Oxygen Levels -
on Pacific Salmon Eggs, D.F. Alderdice, W.P. Wickett, and J.R. Brett.
Journal Fisheries Research Board, Canada, 15(2): 229-249, 1958.
Environmental Variability and Reproduction Potentials of Pink

Salmon Populations.in British Columbia, W.P., Wickett.

H.R, MacMillan Lecture Series, 1960 (in press).

June 20, .1957
Revised. January, 1962.
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C3

FISHERIES RESEARCH BOARD OF CANADA ~
Pacific Biological Station

Study_of Behaviowr Patterns in Young Egcifig Salmon,

To improve- understanding and knowledge of factors 1nfluencing
migration and survival of young salmon, -

Continuing from 1949. Discontinued 1958.
Port John, B.C. .

Dr. Aw.S. Hoar.

One seasonal scientist,
(Included with Summary C-1).

Migrating, unschooled pink fry quickly take cover under stones,
Schooling- experience greatly reduces cover-taking regponse for
pink, but not for sockeye or chum fry. -Small-schools of the
three species when startled: pink fry ‘do not take. cover, chum
and sockeye do; chum fry re-emerge. after several minutes, sockeye
fry not until evening fsll in light intengsity, The three species
form a series in suppreSqion of cover. response after achooling
experience. . :

Schools of pink ‘chum, eockeye fry quickly establlsh stable
direction of swimming in circular channel., .This reaction
persists in chums when removed from channel for 48 hours, about -,
2/, hours for sockeye and less than 12 hours for pinks. .

A knowledge of behaviour and mechanics of migration are essential
if migratory runs are to be manipulated in the course of multiple

water use.

.The Behaviour of Chum, Pink and Coho Salmon in Relation to their

Seaward. Migration, Dr. W.S. Hoar. J. Fish. Res. Bd., Ganada,,
8(4) 241263, 1951,
The Behaviour of Juvenile Pacific Salmon, with Particular

‘Reference to the Sockeye (Oncorhynchug rerka), Dr. W.S. Hoer.

J. Fish Res. Bd. Canada, 11(1)s 69«97, 1954. :

Control and Timing of Fish Migration, Dr, W.S. Hoar. Biole Rev.
28(4): 437-452, 1953,

The Evolution of Migratory Behaviour. among Juvenile Salmon of
the genus Oncor chug, Dr. W.S. Hoar. J. Fish. Res, Bd., Canada,

15(3): 391-428, 195

: June 20, 1957
Revised December, 1961 .
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FISHERIES RESEARCH BOARD OF CANADA
Pacific Biological Station

Salmon Repellent,

‘To guide upstream migrating salmon by preventing their approach
to obstacles or polluted area.

1951-59, Diacontinued.
Tests conducﬁed on various southern British Columbia streans.

D.F. Alderdice, Dr. D.R.;Idler.

Technologlcal Station, Vancouver, B.C.
One scientist, one technician.

1955-56 = $2,500.
1956=57 = 2,000.

Chemical odour deterrent to all species of adult salmon discovered
in skin of man and predatory animals. The detection threshold

is about one part odour material in 80,000,000,000 parts water.
Isolation of the active repellent fraction is in progress. One

of the molecules assoclated with the odour reaction is an amino
acid, Le-serine.

Multiple water uses pose obstacles in the path of upstream
migrants. It is possible that the introduction of repellent
odours might deter the attempt of salmon to force their way
past such obstacles (e.g., turbine tailrace where an alternative

" channel is available for migration). .

Some Observations on Olfactiory Perception in Migrating Adult.
Coho and Spring Salmon, J.il, Brett, and D, MacKinnon, Prog.-
Repta. Pac. Coast Stns., No. 90, pp. 21-23, 1952,

Further Observations on Olfactory Perception in Migrating Adult
Coho and Spring Salmon = Properties of the Repellent in Mammalian
Skin, D.F. Alderdice, JsR. Brett, D.R. Idler, and V. Fagerlund.
Prog. Repts. Pac. Coast Stns., No. 98, pp. 10=12, 1954.
Olfactory Perception in Migrating Salmon. 1. L-Serine, a Salmon
Repellent in Mammelian Skin, D.R. Idler, V,H.H. Fagerlund, and
H. Mayoh, with collaboration of J.R. Brett, and D.F. Alderdice.
J. Gen., Physiol., 39(6): 889-892, 1956 (FRB No. 444).

June 20, 1957
Revised December, 1961
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c5

FISHERIES RESEARCH BOARD OF CANADA
Pacific Biological Station

Swimming Speeds of Young Selmon.

To determine the maximum watsr velocities which can be stemmed
by young salmon for a period of two or wore hours.

1953-57. Discontinued.
Biological Station.

Drc J-R. Brettc

One‘acientist.‘

. 1955-56 - $2’ 2000

Maximum swimming speeds for salmon underyearlings are less than

1 ft/sec. (0.68 mph) in almost all instances. At temperatures

of 59C or less these cruising speeds average about 0.5 ft/sec.
Coho show an optimum performance at about 20°C and maintain a
high level of performance even when approaching lethal tempsrature
levels. Young sockeye display an optimum at about 15-169C and
have a greater ability to perform at low temperatures than do

the coho. ‘

Such information has a direct bearing on approach water velocities
to irrigation screening, turbine intakes, by-pass mechanisms and
guiding or deflecting gear.

The Effect of Temperature on the Cruising Speed of Young Sockeye
and Coho Salmon, J.R. Brett, M. Hollands, and D.F. Alderdice.
Ms. Biol, Stn. 1958.

June 20, 1957
Revised December, 1961
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FISHERIES RESEARCH BOARD OF CANADA
' Pacifie Biological Stgtion

Guiding of Sglmgn Fry or Smolta bx the Ugg of a M ylng tgln
of Cables.

To devélop means of guiding downstream migrant salmon smolts
and fry, using thelr visual reactions.

1953-1957.
Puntledge and Lakelse Rivers and Port John, B.C.

Dr. J.R. Brett.

Fish Gulture Development Branch.
two scientigts, one technician. p

1956-57 - $5,500.

In experiments at Lakelse River (1955), Port John (1956), sockeye
and coho yearlings successfully guided (over 90%) by charged
moving curtain of 1/4~inch cables spaced up to 8 inches in water
velocities of '1-2 ft/sec. Al though tests have been restricted

to shallow water, no limitation in length of curtain is suggested
for operating under these condltions. FryAhave not been guided
by any of the methods tried.- ' S ‘

‘Under small-scale experimental condltions, the method is quite

effective for sockeye and coho smolts, but. it is not a general
solution to the whole problem. The next logical step is to per-
form a large-scale test of the method. Large-scale tests of
several other methods have not yet yielded positive results.
Further work must be done to. evaluate the possibillty of de~
flecting fry.

Experiments using Light and Bubbles to Deflect Migrating Young
Spring Salmon, J.R. Brett, and D. MacKinnon. Prog. Repts., Pac.
Coast Stns., No. 92: 14~15, 1953. ‘ -
Research in Salmon Migration over High Dams The Nature of the.
Biological Problem, J.R. Brett. Trans. Sixth B.C., Resources -
Conf., 96-~102, 1953.
Preliminary Experiments using Lights and Bubbles to Deflect
Migrating Young Spring Salmon, J.R. Brett, and D. MacKinnon.

. J. Fish. Res. Bd. Canada, 10(8): 548-559, 1953.
. Research on Guiding Young Salmon at Two British Columbia Field

Stations, J.R. Brett, and D.F. Alderdice. Bull. Fish. Res. Bd.
Canada, No. 117, 1958.

Trough Experiments on Guiding Sockeye Salmon Fingerlings, J.R.

Brett, D. MacKinnon, and D.F. Alderdice. Prog. Repts. Pac.
Coast Stns., No. 99: 24=27, 1954.

Lakelse River Experiments on Guiding Sockeye and Coho ‘Salmon
Fingerlings, J.R. Brett, and D. F. Alderdice. Prog. Repts.,
Pac. Coast Stns., No. 106: 14~20, 1956.
June 20, 1957
Raowd and Nacamher. 1961
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FISHERIES RESEARCH BOARD OF CANADA
Pacific Biologleal Station

Study of Sight in Salmon.

To improve -understanding of movements and habits of salmon, and
to learn how to influence them.

Duration s 1954=57.
Location . ¢ Biological Station.
In Charge

Cooperating !
Agencies : Part of the program to date has been carried out by a U.B.C,

student as a research prob]em.‘

Dr. J.R. Brett.

Pergonnel ¢ Two scientists, one seasonal. employee.
Cogt - ¢ 1955=56 = $2,700.

1956~57 = " 3,500,

Studies of structure of Pacific salmon retina continued, along
with changes in retina occurring in fish adapted to light and

dark conditions. Times for adaptation of eoho retina to light
and dark investigated.

Resulig

Minimum\llght intensity at which young coho may detect and

feed on plankton approximately 0.00001 foot-candles (bright moon=

light about 0.002 foot~-candles).

Sockeye and coho smolts sampled from Lakelse River dark-adapted
by 9:30 pim. vhen incident light intensity = 0.3 ft-c. Port
- John pink and chum fry commenced migrating 15-30 minutes after
aquarium controls started to dark-adapt. Such retinal changes
may cue fish to start evening migration. '

Assessment : The habits and movements of salmon appear to bé influenced to

- : a large extent by vision. A knowledge of the visual ability
should provide insight into how habits and movements may be
subject to manipulation., ¥uch information has -already proven
to be of value in the interpretation of methods for deflscting
or guiding smolts.

Reportg : The Structure and Photomethenical Responses of the Pacifie
Salmon Retina, M.A. Ali, and J.R. Brett. Ms, Biol, Stn. 1957.

" June 20, 1957
Revised December, 1961
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‘cent for natural streams.

c8
FISHERIES RESEARCH BOARD OF CANADA
Pacific Biological Station

--—v~<-n P

gt Jones Creek bnawnlnv Channel

To assess theAfeasibility of establishing a run of pink

_salmon in Jones Creek during an "off-year" in the Fraser River..

1954~1958.

Jones (Wahleéch) Creek, near Laidlaw, B.C.,

W.P. Wickett, D. MacKinnon.

Fish Culture Development Branch, B. C. Electric Co. Ltd.

Three scientists, five technicians.

1954-58 = $18,000.

Three million pink salmon eggs taken from fish in the Lakelse -
River were planted in the eyed stage in the spawning channel at
Jones Creek in 1954. From this plant 1.1 million fry were pro-
duced, a survival of 37 per cent compared to. an- average of 10 per
Approximately 2,700 adults returned to

" the channel in 1956, with about a further 300 taken by Indian

H

fishery and about 1,500 in Fraser River gill-net fishery. Of the. -
4,500 total adult return, as many.more may have been taken in a more =
distant fishery. This run was eliminated in the ensuing years as
a result of poor fry survival caused by ice scouring and de-~

- watering of sections of the channel, along with an intensive gilL-

net fishery for Adams river sockeye which moved through the fishing
area simultaneous to the returning adults.of 1958,

Results were sufficient to encourage further ettempts to establish
nevw runs by this method.

.Transplantation of Plnk Salmon 1nto the Fraser Valley in a Barren

Year, F. Neave and W,P. Wickett. "

Prog. Repts., Pac, Goast

’An Artificial Spawning Chennel, W.R. Hourston and D MacKinnon.

Ms., Trans. Amer. Fish. Soc., 1956

June 20, 1957 -
Revised December, 1961
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FISHERIES RESEARCH BOARD OF CANADA ‘
Pacific Biologicel Station

Degvelopment of Technigueg for Measuring Igcub tion C ngltlogg
in Spawning Gravels.

To evaluate or improve natural or artificial spawning facilities

"by determining the range of physical conditions present in gravels

and correlating these with egg survival.
1954, continuing.
Biological Station and local streams.

W.P, Wickett, in cooperation with Pacific Ocesnographic Group.

One scientist, K three technicians.

1955-56 - $3,000.  1957-58 = $1,400.  1960~61 ~ $5,000.

Measurement of permeability of and pressure'gradients through _
gravels and the collection of water samples from.gravel beds for
determination of oxygen content now possible with "Mark 6" gtand-

- pipe sampler. The new standpipe sampler will allow measurement

of permeability from 20 em/hr to-approximitely 100, 000 e/hr
with a probable error of 1.3 per cent. - At a representative
permeability of 6,300 em/hr, the apparent velocity of water flowing '

‘through gravel may be obtained within a range from approximately

1,000 ecm/hr down to 1 em/hr with a probable error of .about 10
per cent, 1958 - instrument now completed and calibrated.

/1960 - "Mark 7" instrument for use in lakes completed and cali~

brated. Water movement into and out of gravel normal to gravel
surface measured to depths of 70 feet.

Ability to measure apparent water velocity and oxygen content
of water flowing through spawning beds with nscessary accuracy
is now assured in streams or on lake shores..

Measuring -the Oxygen Supply to Salmon Redds, W.P. Wickett, end

R.A., Pollard. Prog., Repts. Pac. Coast Stns., No. 99, pp. 20-21, 1954.
The Oxygen Supply to Salmon Eggs in Spawning Beds, W.P. Wickett.

J. Fish, Res. Bd. Canada, 11(6): 933-953, 1954.

Measuring Seepsge through Salmon Spawning Gravel, R.A. Pollard.

J. Fish. Res. Bd.-Canada, 12(5): 706=741, 1955, . :
Groundwater Standpipe Mark VI, L.D.B. Terhune. Ms. Biol. Stn., 1956,

- June 20, 1957
Revised December, 1961
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FISHERIES RESEARCH BOARD OF CANADA
Pacific Biological Station

Survey of S ynire Escopements of Spgigg almon to_ the Fraser
River System.

To observe the present spawning escapements to determine how -
practical it is to separate red and white stocks by the colour
of the flesh in spawned-out fish.

1956, continuing.

Harrigon and South Thompson tributaries of Fraser River.

Dr. D.J. Milne.

Department of Fisheries, Pacific Ares.
One scientist, one technician.

1956=57 = $3,000.
1957-58 - 1’0000

About one-quarter (150,000 fish) of total B.C. spring saluon
escapement spawns in the Fraser system. About three-quarters
spewn above Hope, of which half spawn in the Thompson system.
A large part of thesé escapements would be influenced by pro-

‘posed dam construction on the Thompson and Fraser Rivers. Based

on the operations of. the commercisl gill-net fishery there. are

two distinct runs, Earlier, smaller, red-fleshed -fish migrate
May to August; later, larger, white-fleshed fish migrate with
peek in latter part of September. All spawned-out fish examined
were white-fleshed so the two stocks will have to be distinguished
from live fish captured during the spawning migration or in the
early stagee of spawning.

Judging from size of fish, scale characteristics and time of
spawning, the fish spawning in the lower HRarrison River are
white-fleshed while those spawning in most of the tributaries

~ of the Thompson River are red-fleghed. Further studies by

tegging and estimating the spawning escapements of both stocks
of spring salmon are necessary to provide a basis for management
and to evaluate the effect of future changed conditions on these
important stocks,

Date and summary report on 1956 operations are on file.

June 20, 1957
Revised December, 1961
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FISHERIES RESEARCH BOARD -OF CANADA
Pacific Biological Station

¢ Determination of Requirements. for Successful Qevelogmgnt of

Varjous Specjes of. nglwlg_ﬁg;mon in_the Egg, Ale g;g_ggg_ggglx
Fry Steges.

To establish more effective hatchery techniques; resulting in
a higher survival of eggs to returning adults than that found
in nature.

Gontinuing from 1956,

Biological Station end two experimental hatcheries on the '
Skeena River system.

Formerly M.P, Shepard,_now R.A. Bams.

One scientist, three technicians, 3-6 seasonals.

1956-57 - § 8,200,  1958-59 - $22,200.
1957-58 - 56,000, 1959-60 ~ 17,100

Survival from egg to migreting fry can be improved up to .nine-
fold by hatchery techniques although return from plented fry
may be lower than thet found in nature. Experimental hatchery
techniques have incorporated the self-release of fry under con-
ditions simulating those related to normal fry migration.
However, returns from 1958 and:1959 pink fry releages were about
1/10 (0.18% and 0.17%) that found in nature (1.5%)

" Starting in 1961, main effort will be ‘concentrated on sockeye

_which will allow assessment of success at fingorling and smolt -

stages as well as of the final return

Knowledge of the bioclogy of the esrly stages of salmon should
provide information relating to an improved basis for artificial
propagation.

June 20, 1957
Revised December, 1961
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FISHERIES RESEARCH BOARD OF CANADA
Pacific Biological Station

Subject =~ ¢ To_Détermine the Limits of Tolerance to and Metasbolic Demands
Imposed by Environmental Stress in Salmon, ‘
Purpose ¢ To provide an improved understending of the effects of chahges
in the environment on viability and normal function of selmon.
Duration : Indefinite, beginning 1958,
S e >
Location  : Biological Station, Nanaimo, B.C.

In Charge . ¢ Dr. G.R. Bell.

Cooperating
. Agencleg

Pergonnel One scientist

1959=60 =~ ' 2,000,
1960-61 - 2,000. : - i

Results : Studies to dete have considered the establlshment of measurable

: criteria of the normal fish, ineluding radiographic definition

of structure and position of major blood vessels, nerve centers
and excretory organs., Work has begun on the cellular haematology
of salmon. , o o

Assessment ¢ Preliminary results indicate that the levels of serum transam- 
inases may be an ald in.the diagnosis of tissue injury.

Reportsg ¢ Some Radiographic Obéervafions on the- Gastrointestinal and Urinary -

Systems of Anaesthetized Pacific Salmon (Oncorbynchus), G. R, Béll,
and J.E. Bateman. GCan. J. Zool. 38, 199, 1960.

~ July 10, 1958
Revised December, 1961
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O : , FISHERIES RESEARCH BOARD OF CANADA
' . Pacific Biological Station '
Subject : General Degeription of Behaviour (Ethology) in Pacific Salmop,
Purpose ¢ To define the totality of behawiouf from fry to adult on a com-

perative basis.
Duration ¢ Indefihitisy begihning 1958.
Location '~ : Biologicel Station. |

" In Charge ° ¢ C. Groot. . j:

- Cooperating
" Agencies :
ersonnel ¢ One scientist, one technician.

Cost :'1959-61 ~ approximately $8, OOO. _per yesr.

Results ’ ¢ A detalled comparetive study on the aggressive behaviour of
fry and on the spawning behaviour of adults is almost com=
pleted and ready for publication.

<:> ’ Assessment ¢ This.is one of the several progrems instituted to provide
: : _ fundamental infbrmation on salmon biology.
Reportg :

July 10, 1958
Reviged December, 1961



Duration.

Location

In Charge

Cooperating
Apgencies

. Personnel

Cost

Regulis

————

Reports

o

- C 14

FISHERIES RESEARCH BO&RD»OF CANADA
Pacific Biological Station

Egological Reiationships Betﬁeen Saimon and Their Surroungingé.

To prov1de descriptions of salmon migrations in natural and man-

-made environments, and to reveal the environmmental cues to which
. salmon respond and orientate.

Indefinite - start 1958,

- Initial projects, 1958-62 on -Somass River system and east

coast creeks, Vancouver Island.

DI". DoVn Ellist

Department of Fisheries, Pacific Area.

One scientlst, one technician, one seasonal.

$12 000, to date.

New observations and recordinc techniques have ‘been devised,
relying principally on a system of categorizing salmon movements,
regularly operating observation posts both above=surface and
underwater, and using photographic recording methods.

A great number of biological phenomena common to animal migration
in general have been found operating within salmon migrations.
They vary from innate species differences and internal rhythms
to instinctive and learned responses to environmental stimuli.

Migration descriptions and analysis of common factors in differ-
ent migrations provide a factual basis of information which cen
be drawn upon by biologists and engineers, concerned with pre-~
dicting and anticipating the effects of industrial water-use
developments on ualmon migrations,

Orlentation and response studies prov1de basic information
necegsary for effective human control of mlgratlons.

D1v1ng and Photographic Techniques for Observing and Recording

. Salmon Activities (In preperation), D,V. Ellis,

Movements of Migrating Adult Salmon over Short Distences (In

preparation), D.V., Ellis.

An underwater movie demonstrating salmon activ1t1es during -
migration, has besn prepared.

, | © July 10, 1958
Revised December, 1961
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FISHERIES RESEARCH BOARD OF CANADA
Pacific Biological Station

Bioghemical Chgg, ) in Salmon ggurgigg with Migration_ggd
Maturation.

To investigate normal changes, to evaluate the effects of
environmental modification on these changes, and to investigate
their env1ronmental and hormonal induction. ) :

Indeflnite, beginning 1958.
Biolonical Station, stroams of Vancouver Island area.

Dr., W,E. Vanstone.

Technolowical Station, Vancouver; Department of Fisheries,
Pacific Area. ‘

Tworscientists,

1958-59 - $2,500. | _ |
1959~60-~ 2,500, | B}
1960-61 - 2,500. : , ‘

Coho plasma proteins, separated by zone elsctrophoresis, have been
investigated from the fingerling to the spawmed-out adult. One
protein fraction (related to gamma globulin?) increases throughout
the period studied; smolt transformation is associlated with the
temporary disappearance of ‘another protein fraction, A lipoprotein
fraction (serum vitellin?) is associated with egg formation, -
Geographic diffelences in plasma protein pattern are evident.

Estradiol monobenzoate injection produces in the maturing male
blood changes normally associated with egg formation, while en-
hancing the normal changes in the maturing female.

Changes in plasma volume are also associated with migration.

Blood chemistry studies have indicated a potential method of
measuring ‘extent of maturation dn migratino salmon.

Plasma Proteins of Coho Salmon (Oncorhynchus kisutch) as Separated
by Zone Elsctrophoresis, W.E. Vanstone, and F. Ho. J. Fish

Res. Bd. Canada, 18(3): 393-399, 1961,

Effects of Estradiol Monobenzoate on Some Serum Constituents in

Migrating Sockeys Salmon (Ongorhynehus nerka). J. Fish. Res. Bd.
Canada, 18(5): 859-364, 1931. F. Ho, and ‘W.E. Vanstone.

July 10, 1958
Revised December, 1961
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C 16
FISHERIES RESEARCH BOARD OF CANADA
Pacific Biological Station

To Determine_the Natursl Conditions_that Produce the Maximum
Fry Output of Pink and Chum Salmon,

To assess conditions influenclng present stocks and to provide
data for increasing stocks.

Started 1949,‘cdntinuing.
Biological.Station, Nanaimo, B.C.

W.P. Wickett.

Fish Culture Developmenit Branch, Department of Fisheries.
One scientist, two technicians.
Approximately $5,000. per year.

The maximum fry output is largely set by the permeability of
stream gravels. Other environmmental factors induce random
stresses and fluctuations which normally prevent the maximum
being reached. Contirol of the environment can bring about an
increase in the output of a stock as well as increasing the
chances of the meximum being reached. Graph of optimum spawning
density of pink and chum salmon against mean permeability pro-
vided. Drought and flood bring about major reductions in stocks.
Temperature restricts the range of the pink stocks. Attention
has more recently been directed from pink and chum toward coho
salmon.,

Data useful in assessing the influence of both deleterious and
useful alterations of streams have been gathered.

File Reports on Puntledge, Salmon and Wilfred Creeks, W.P. Wickett.
Biological Potentisl of the Qualicum River. Ms. Rept. Series

No. 676, 78 pp., 1959. . ,

Damage to the Qualicum River Stream Bed by a Flood. Prog, Repte

No. 113: 16-~17, 1959.

Review of Certain Environmental Factors Affecting the Production of
Pink and Chum Salmon. J. Fish. Res. Bd. 15(5): 1103-1126, 1958.
Environmental Variability and Reproductive Potentials of Pink
Salmon Population in British Columbia. H.R. MacMillan Lecture
Series, 1960 (in press).

December, ‘1961



Subject

Purposge

 Duration

Location

in Charge

Cooperat;gg

Agencies

| Personnel
Cost
Regults
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FISHERIES RESEARCH BOARD OF CANADA
Pacific Biological Station

Measurement of Water Movement in Lake Spawning Gravel.

1. To locate and measure outflowing water in lake spawning
areas.

2. Describe’ other sources of water movement in lake gravel,

Started in 1960; now handled by Fish Culture Development Branch,
Department of Fisheries.

Great Central Lske, B.GC.

W.P. wickett;»(aee "Duration").

Fish Gulture Development Branch.
One scientist, three technicians.
$4,000. to date. -

Water movement tﬁrough the gravéi of lake spawning 81tes~has-
been found to be related not only to underwater seepaje but

also to variations in hydraulic gradient produced by oscillations

in lake level (seiches).
well as out of the gravel in locations examined,
a preliminary atawe.

Water may, therefore, move into as
Work is at

It seems possible for eggs to be able to survive anywhere along
a permeable lake shore, although the adults may use very re-
stricted areas of the submeroed shorellne. '

File Reports 3-4=3-3, No. L1 and L2, 1961, Biological Station,
Nanaimo, B.C.

December, 1961



Subject

Purpose

Duration
Location
In Charge

Cooperating
Agencieg

Pergonnel

&
&

e
:

. J
FISHERIES RESEARCH BOARD OF CARADA
Pacific Biological Station

Swimming Studies on Adult Salmon.

To determine the ener;y demand of swimming at varilous speeds,
and the maximum sustained levels.

Started 1960 - continuing.
Robertson Cresck, Alberni, B.C;

J. R. Brett.

Technological Station, Vancouver, B.C.
One to two scientists plus two techniéians, 3 montha[year.
$35,000. to date.

Maximum sustained swimmlng speeds for adult sockeye at 65-68°F
renged from 2.7 to 2.9 ft/sec. according to size. Continuous
swimming without any form of rest can be maintained at these
levels for at least 100 hours. Observation indicates that a
spead of 1.5 ft/sec. can be maintained almost indefinitely.
High temperatures and fungus infection (Saprolegnia) have

Cc 18

hampered progress, but point out that the development of this

infection at points of injury can be rapidly lethal in fresh
water.

The facilities for these studies are still under development.
It will take two to three years to obtain direct energy
measures of a conclusive nature.

Performance of Adult Sockeye in Robertson Creek Flume in 1960,

J.R. Brett. Ms. Rept., Biol. Stn.
Report for 1961 in preparation, J.R. Brett.

December, 1961



Sub ject

Purpose

Duration

Location

In Charge

Cooperating
Agencies

AL A4

Cost

Results

Agsessment

Reports

¢ 19

FISHERIES RESEARCH BOARD OF CANADA
Pacific Biological Station -

Regpiratory Metabolism of Young Salmon.

To determine the effects of environmental stress on the
metabollic rates of salmon.

" Started 1960 - continuing.

Biological Station, Nanaimo, B.C.

J.R. Brett.

Design assistance: Pacific Navel Laboratory, Esquimalt, B.C.
One scientist and one technician. .

$10,000. to date.

Apparatus has been designed.to impose controlled swimming speeds
and temperature on young salmon, Preliminary tests indicate
that the design is satisfactory. Experimental work has just
comuenced. 1961 - resting and active rates of respiratory
metabolism in young sockeye salmon have been determined for
swimming rates up to fatigue levels.  Maximum differences are

of the order of ten times at 15° and 20°C.

This experimental "tool" should provide a great deal of useful
basic information. on salmon capacities.

A Proposed Tunnel Design for a Fish Respirometer, John Mar.
Tech. Memo. 59-3, P.N.L., Esquimalt, 1959.

December, 1961
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FISHERIES RESEARCH BOARD OF CANADA
Pacific Biological Station

Orientation and Navigation During Long Digtggcg Migrationg
in the Pacific Salmon.

To obtaln information on general migratory behaviour during
long distance migrations, and in particular to ascertain the
directing stimuli governing thése migrations. :

Indefinite, beginning 1959.

Biological Station, Great Central Lake, and Babine Lake.

C. Groot.

Part of the program is a joint effort with Dr. W.E. Johnson
of this Station. ,

One scientist, one technician, and one seasonal.
1959-61 - $2,000. per year.

Sockeye salmon smolts durlng their seaward migration show the
capacity to orient to celestial phenomena under experimental
conditions, thus indicating the presence of a time-compensated
orientation mechanism, One of the celestial phenomena used

in celestial orientation appears to be the sun; however,
significant directional tendencies are maintained during

overcast and twilight periods. In geneéral, the directional.
tendencies shown under experimental conditions show a correlation
with the compass direction in which the flSh would have to swim

to get out of the lake..

Knowledge'of the cues or sensory abilities which allow salmon
to make directed long=-distance migrations should assist in
understanding the extent to which environmental alteratlon
might affect migration ability.

December, 1961
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”1938 to 1945

Director. ' ) i

D1

INTERNATIONAL PACIFIC SALMOV FISHLRIES COHMIS STON

A pgtructi n gt Hell's Gate._

To determine the adequacy of sockeye passane at Hell's Gateg:j '

Eraser River watershed.

Staff biOlOgists and various field and office assistants. ~,.

Estimated, £200,000. ; SO R 3 ,;f'.f L

'Tagging of upstream—migrant adult sockeye showed the- necessity L

of correcting the.conditions of very difficult fish passage

-at Hell's Gate.. Analysis-of historical dats indicated that -

the depletion of the Fraser River sockeye runs was caused .

largely by the dumping of rock into the Fraser ‘Canyon during .
rajlroad construction, -started in 1911, Rock dumping at Hell's .
Gate in 1913 caused.a severe block of migrating salmon.- It - ce
was shown that a delay of 12 days or more.at an obstruction is

sufficient to prevent sockeye from. reaching their spawning -

‘grounds and’ that lesser delays csn greatly lower the salmon'

reproductive ability.

-The 1nvestigations prov1ded the ba51s for construction of the

fishways at Hell's Gate and also a great deal .of additional

" information, including 1nformation concerning the adverse effect
"of delay during the upstream migration. The severe. depletion

- of sockeye- stocks, as:a result of the obstruction at Hell's

Gate, caused an estimated loss of revenue to the fishing in-

dustry of more.than a billion dollars.

Effect of the Obstruction at Hell‘s Gate on the Sockeye Salmon
of the Fraser River, by W.F. Thompson, I. P.S.F.G., Bulletin

1, 1945.

. July 22, 1958
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INTERNATIONAL PACIFIC SALMOW FIbH_RImb GOMMISSION : -

hnumcratlon 2end Identification of Adult Sockeye and Pink Salmon
Pogulatlons Durlng ligration in the Fraser. River.

To determine the dally numbers and ra01al_1dent1ty of the adult

"~ :sockeye -and pink ‘salmon populations migrating.upstream in the
‘rFraser River. .

Stalted 1939, contlnulng.
Fraser Rlver watershed and commerclel ilehlng areas adjacent.

~Directora -

J

Canada, Dept. of F1 herles, Flsherles Research Board of Canada,
Washlngton btate Dept. of Flsherlee.
Var:ous numbers of. blologlsts and fleld and offlce a531stants.

Estlmated, ¢345 OOO. for enumeratlon; $176 OOO for identification,

Methods have been developed for dlfferentiatlng most of the races
of Fraser River sockeye in the commercial fishery. Deily samples

“vof. fish are obtained from different sections. of the commercial
' fishery and analyses made of. scale ring counts, lengths, and other

characteristics. It has been: shown that adult sockeye migrate at
a fairly uniform rate and that in general the original order is
retained during migration over distances as great. as 600 miles.
The order of spavming is closely related to the order.of arrival

+ »onthe spawning grounds.: Spawning .ground arrival curves are
+ . obtained each year and the spawning populations are enumerated on

all of the spawning grounds. Statistical examination of the com-
mercial catch immediately before and after each. fishing closure is

" one‘means of measuring the perlodlc amount of the escapement. Test

fishing: during the clooures is a means of veriiylng the amount of
escapement.

¢ Enumeration of theESpaMniﬁg'populetioné and calculation of the

‘daily nwaters of sSockeye or pinks egcaping the commercial fishery
‘are ‘essential for ‘proper’ management of the Fraser River sockeye-
and pink salmon fishery. In addition, this information is essential

" for protecting the -resource against the. hazards of industrial

developiients, - -For instance, if sufficient research had not been
- conducted, it would not have been possible to justify the

'speciflcatlon that dams constructed on the Fraser River would have

to prOV1de passage for 750,000 sockeye 'in one day.

See list on reverse .side of this page.

 July 22, 1958
Revised December, 1961
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: Effect.‘of thé Obstruction .at Hell's Gate:on ‘the’ Sockeye Salmon. .
mOf the :Fraser River, by W.F. “Thompson, L. P.S F. C., Bulletin 1,
‘1945. .

[ B - I . ey

‘TProblems in Enumeration of Populations of Spawning Sockeye

Salmon, Part 1, A Study of the Tagging Method -in the Enumer-

ation of Sockeye Salmon Populations, by G.F. ‘Howard, and Part

2, A Mathematical Study of -Confidence Limits of Salmon Populations
Calculated from Sample Tag Ratios, by D G. Chapman, I P.S F C.,

+ Bulletin 11, 1948

A Study of the Spawning POpulations of Sockeye Salmon in the .

'Harrison River System, with Special Reference to the Problem

of Enumeration by Meens of Marked Members, by M.B. Schaefer,

- IGP.8.Fe s, Bulletin W, 19515 - o g N

The Chronological Order of Fraser River Sockeye Salmon During

* -Migration;: Spawning:and: Death, by S Re Killick I. P S.Fe C.,
} Bulletin Vll 1955.

e ! .' o

- "Collection and Interpretation of Sockeye Salmon Scales, by :
"-'?R.I., lutter and L.E. Whitesel, I. P.S F C., Bulletin X, 1956

R «r,

.;,f ~The Effects of Regulatory Selectivity on the Productivity of
- ~Fraser River :Sockeye;. by Loyd. A." Royal, The Canadian Fish
~;-Culturist, No. 14, October, 1953 DS i

Pt

ileAn Examination of Factors Affecting the Abundance -of Pink Salmon
iodAn the Fraser River, by L H. Vernon, I P.S.F C., Progress Report,
©1958..0 - L . =:5 SRS o .

i”ffCharacter of the Migration of Pink Salmon to Fraser River
Spawning Grounds in 1057, By Fod. Mard,: I. P.S FiG: Bulletin X,

1959. .

.. A-Preliminary Review .of. Pertinent Past Tagging Investigations on
- Pink Selmon: and. Proposal for--a Coordinated Research Program for
'1959, by Pink Salmon Coordinating Committee, Report No. 1, 1958,

Second Progress Report on the Coordinated Research Program for

L »1959, by Pink Salmon . Coordinating Committee, 1960.:.

1;Third Progress Report on . the Coordinated Research Program in

1959, by Pink Salmon: Coordinating Committee, 1960.

R o T T T A .
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INTERNATIONAL PACIFIC SAIMON FISHERIES COMMISSION
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Reportg

Fishladder Hydraulic Desien

: To develop adequate hydreulic designs for fishladders.

1943 to 1953
University of British Columbie and University of Washington.
Milo C. Bell. | |

Univeééity of British Columbia and Uhiversity of Washington
Various numbers of ehgineers,Aconsultants and agsistants,
$100,000371ncluding‘éxperimental vork on models of Hell's.Gateo
Hydraulic model studiés-were made to study the effects of variables

in the hydraulic design of fishways (weir and vertical slot) and
diffusion chambers for fishways. The relationships between head,

. discharge, pool size, crest differential, flow pattern, energy -

dissipation, ete., were studied.

Eerly investigations of the hydraulic design of fishladders were
conducted with specific reference to natural obstructions to the
passage of Fraser River sockeye, such as Hell's Gate, Bridge River.
Rapids, and Farwell Canyon. In later years, the work was extended
to include a study of small vertical-slot and weir fishladders for
possible use at small dams.

Unpublished date.

July 1, 1957.
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INTERNATIONAL PACIFIC SALMON FISHERIES COMMISSION

-

Subjéct ¢ Effectivepess of Hellls Gate Fishuays
Purpose ¢ To measure the gdequacy of%the Hell's Gate fishways.

Duration : 1945 to 1950.

Location : Fraser River watershed.

}

J;ljyygggg 3 Director.

Cooperating

Agencies ¢ None. -

Personnel ¢ Biologist and various numbers of field assistents.

Cogt ¢ BEstimated, $40,000,

Results ¢ It was shown by means of tagging analyses, that the fishways
enabled sockeye salmon to negotiate the Hell's Gate reach as
easily as at non~block levels.

Assessmept ¢ Through its activibies in reméving the Hellls Gate obstruction .

and other minor obstructions, the Commission has made  the Fraser
'River system as accessible to sockeye salmon as at any time in
its history. The sockeye runs have incressed tramendouS1y in
recent years and it is expected that these runs will reach his-
torical levels of abundance in a very few cycles. The wholesale
value of the increase in the sockeye pack in the cyele 1952 to 1955

‘ over the parent cycle years 1948 to 1951, wes $31,633,362. The
significant increases in the commercial catch in recent years and
the realization that the historical levels of abundance can be
reached in the not~toow=distant future are 1mportant deterrents to
damming of the Frdaser River.

Reports ¢ A biological Study of the Effectlvene s of the Hell's Gate Flehways,
by G.B., Talbot, I.P.S.F.C,, Bulletin II1I, Part 1, 1950,

July 22, 1958.
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[ 13

Floy Patitern ab Hell's Gate

To study variations in flow pattern at Hell's Gate in relation
to the migrations of sockeye salmon.

1945 to 1950.
Hell's Gate and office analysis of data.

R. I o JaCkSOD.. )

None.

Engineer and various mumbers of field assistants.

$20,000. |

Studies showed. that the water slopes thfough the Heil's Gate

reach were much greater during wuter levels at which sockeye
were blocked than during passable stages. At all river stages

" that were found by tagging analysis to block the passage of

. adult sockeye, the average of the maximum water slopes was

about 0.37. The average of all maximum slopes at stages degigna-
ted by tagging analysis as passable was less than 0.04. The
relationship between passability and slone corroborated without
exception the conclusions reached by the biological studies of
the passage of sockeye at Hell's Gate.

:Apart from the information given concernlnv water slopes and
sockeye passage, the report on this study is valuable in that
it presents the complete history of the blockade of Hell's Gate.

: Variations in Flow Pattern at Hell's Gate and Their Relationships

to the Migration of Sockeye Salmon, by R.I. Jackson, I.P.S.F.C,,
Bulletin IIT, Part 2, 1950.

\

- July 22, 1958,
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INTERNATIONAL PAGIFIC SALMON FISHERIES COMMISSION

In_Charge

wcooperating
Agencies =

-_Eeragnggl

Asgessment

Effect of Waler gmpe_gtures on Surv; al of Soqggxe Salmon During

_Adult Migr.tlon “ingi__ggube&i_n“gﬁ__ggs_and_ﬁmergenge__i__xx

To determine env1ronmental limitations with respect to water

‘temperature and the effect of variations in that environment on -

survival.
1945, contiuuing.
Fraser River watershed;

Formerly,eJ.A.R, Hamilton - now P.AGilhousen. '

None.

Biologist and various numbere of field, office and laboratory

assistants.

$75,ooo.

Temperatures in excess of 68°F durlng the adult migratlon appear
to have an adverse effect on survival and temperatures in excess

- of 60°F during spawning seriously interfere with normal egg depo-

sition. A temperature of 50°F is considered optimum for- spawning,
with 489 and 55° being the preferred temperature limits. The upper

* ‘temperature limit for nevly-spawmed eggs is about 60°F. Tests in-

- dicate that in order .to survive, the eggs must reach a certain, but

" as yet undefined, stage of development before the onset of the

winter coli water period. |

-In order to safeguard the Fraser River sockeye salmon against

artificial chenges in ‘the environment through industrial develop-
ment, it is essential that a great deal of research be conducted -
to determine the effect of water temperature on fresh-water sur-

vival since temperature is one physical factor recognized to be of

" great importance to reproduction, development, and phy51olog1ca1

- activity.

Brief Review of Temperature Study, by J.A.R Hamilton, I. P S.F.C.,
unpublished manuscript, 1956,

Also other unpublished data.

July 22, 1958.
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H

Temperatures During Migration, Spawﬁing;“ggd Incubabion

To obtain a continuing record of existing water temperatures
on the migration routes and spawning grounds of Fraser River
sockgye. LT

1945, continuing.
Fragser River watershed.

Formerly J.A.R. Hamilton, dow P. Gilhousen.

None.
One biologist, office assistant and various field assistants.
Estimated,  $80,000.

During the spawning period, daily temperatures are¢ measured by
means of recording thermometers on nearly all of the sockeye
spawning grounds. Daily temperatures are also meagured on the -

mg jor migration routes, particularly those that have been or may
‘be affected by water use projects. An attempt.is also being made
to utilize existing records of air temperature and also tree ring
counts for estimating pest water temperatures in order to determine.
possible long term changes in environment and provide ingight into -
historical variations in production. A study conducted in 1956
showed that in any cross-section of a spawning stresm, the average
daily temperature at the depth sockeye eggs are deposited ig the
same as the aversge daily temperature of the flowing stream.

A precise knowledge of water temperatures is essential for measuring
the tolerance limits in spawning and egg incubation for obtaining
the maximum production, and for determining the possible adverse
effects of hydroelectric and other multiple water use projects.

Report on the Fisheries Problems Created by The Dévelopment of °
Power in the Nechako-Kemgno-Nanika River System; Canada Department
of Fisheries, Fisheries Research Board of Canada and I.P.S.F,C.,
1951, (Mimeographed) '

Supplement Number 1 to above Report, Temperature Changes in the
Nechako River and their Effects on the Salmon Populations;

Candda Department of Fisheries, T.P.S.F.C., 1952, (Mimeographed)

Also unpublished data.

July 22, 1958..
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INTERNATIONAL PACIFIC SALMON FISHERIES COMISSION

Subject ¢ Irrigation Diversions
Purpose ¢ To determine the effect of irrigation diversions on sockeye salmon

production and to recommend remedial measures.

Duration " Started 1946, pontihuihg.

Location - . & Fraser River watershed. .

In Charge ¢ Formerly, Milo C. Bell and R.I. Jackson; now, A.C. Cooper.
- Cooperating :

Agencies ¢ Canada, Department of Fisheries.

Persopnel ¢ Engineer, biologist and field and office assistants, part~time.

Cogt : $10,000, sstimated.
Results . ¢ Some diversicns surveyed have been found to have no adverse effect

on sockeye production but a serious problem exists in the Salmon
River near Salmon Arm, where the residual flow at the lower end of
the river is hardly sufficient for salmon migration and spawning,

- and there is no provision for a certain minimum residuel flow.

Assessment A serious problem exists in British Columbia with respect to multiple
water use in that the present policy of the Water Rights Branch is
not to stipulate maximum diversion rates for irrigation users but
only the totel quantity of diversion allowable annually under each.
licence. Thus, the needs for fisheries are not given adequate
consideration. In the case of the Salmon River, a partial solution
has been obtzined in that the Comptroller has agreed to eppoint a
Bailiff to restrict irrigation use whenever it can be shown that

the residual flow in the Salmon River is not sufficient for main- -
taining the fisheries resource. '

The Problem of Regtoration of Salmon in the Salmon River, Canada
Department of Fisheries, I.P.S.F.C. unpublished manuscript, 1954,
(Mimeographed). '

&
id
i

July 1, 1957.
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Spawning Ground Criteria

To neasure the physical conditions of natural streams vsed by
sockeye salmon for spawning and the relationship of these

conditions to survival of sockeye eggs and alevins.
1946 to 1956, and continuing.

Chilko River, Adams'River, Stellako River, Horsefly River,
Weaver Creek, New Westminster and U,B.C. Laboratories.

Formerly R.I., Jackson = now, J. Pyper.

None.
Engineer and field and laboratory assistants.
$ 25,000,

Data on depths, stream velocities, gravel velocitles, gravel
composition, discharges, slopes, cross-sections, and areas of
the major stream spawning grounds of the Fraser system are being
collected and analyzed. An instrument has been developed for
measurenent of water flow through spawning beds and the concen-
tration of dissolved oxygen in the water. The mechanics of flow
of water through gravel beds have been studied qualitatively.
Since sockeye tend to select the most favorable spawning areas,
studies of density and distribution of spavmers in different
areas form an important part of this worke.

Surveys of the physical conditions on the gpawning grounds are
nearing completion, but further work is planned in measuring

the rate of water flow through spavming beds and in studying

the congtruction of reddse. Thig information is useful in assess-
ing the effects of proposed water use projscts on spawning
ground conditions and in designing artificial spawning chamnels.

Unpublished data.

July 22, 1958,
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Duration

Location
In Charge

Gooperating
Agencies

Reports

en

Flood Control Potentialities in the Fraser River Watershed

To study the feasibility of various flood control developments
on salmon and non-salmon producing streams of the Fraser River-
wvatershed.

“Started 1948, continuing.
Office analysis of datas

A.C. Cooper, M.C. Bell.

None.
One engineer and vérious.office assistants, part—time.'
#4,000.

Studies of the engineering and economic feasibility of various
proposals for controlling floods in the Fraser Valley and local-.
ized areas upstream are made in order to determine, investigate
and provide alternates for those that would have a major adverse
effect on sockeye and pink salmon production. Flood control pro-
posals for Harrison, Shuswap, Quesnel and Stuart Lakes were con-
sidered unacceptable from the fisheries standpoint, whereas
proposals for the Clearwater and the North Fork of the Quesnel:
Rivers would have less adverse effect. Flood control proposals
in the upper Fraser above Prince George are also being considered.

Most, if not all, of the flood control proposals on the Fraser

watershed would have an-adverse effect on salmon production but -
some proposals would have a much more serious effect than others.,
Studying the various proposals and possible altnrnates is essential
for maximum protection of the fishery. :

Unpublished data.

July 22, 1958,
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Duration @
Location .
In Cherge :

Cooperating
Agencies _:
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Hydroelectric Development, in the Chilko River Watershed

To study the feasibility of maintaining production of sockeye salmon.

%2 %he Chilko River watershed relative to proposed hydroelectric develop
nt, ‘

1948 to 1950, and continuing.
Field observations at Chilko and office analysis of data.

Formerly, Milo'C, Bell and'H#I. Jackson = now, A.C., Cooper.

Canada, Department of Fisheries.

Engineer, biologist, consulting engineer and office assistants.

: $10,000, estimated direct expense. Supplementary data obtained from

other investigations.

In two consecutive years out of each four, the Chilko River now origi-
nates about three-querters of the cateh of sockeye salmon from the
entire Fraser River system.  All of the various plans for using Chilko
Lake for the development of -hydroelectric power would have a very
gserious. effect on sockeye production. It has been concluded that the -
continuance of the existing Chilko sockeye fishery requires that there
be no interruption, addition, diversion, or obstruction to either the
natural inflow or the natural outflow of Chilko Lake or Chilko River. °
The following problems are involved: fry migration up Chilko River and:
over the proposed dam at. the outlet of Chilko Lake, migration of adults
in the reduced flow in the Chilcotin and Chilko Rivers, migration of
adults over the proposed dam into Chilko.Lsgke for maturation and their-
return downstream over thé dam for spawning in Chilko River; environ-
mental conditions for. spawning and incubation of eggs in the reduced
flow on the spawning grounds, withdrawal of migrants from the lake
through the power diversion or false attraction of migrants to a sub-
merged power outlet at the upstream end of the lake, and diversion of .
non-productive silt-laden water from Taseko Lake into Chilko-Lake.

The B.C, Power Commission is now reconsidering:its proposal for using
Chilko Lake for power development in view of a recent submission of

biological and engineering data by the Department of Fisheries and the
Salmon Commission. A large amount of power can be produced without
interfering with the valuable fighery resource in Chilko Lake and

River. Recent studies have indicated the feasibility of diverting

water from Taseko Lake to the coast by means of a submerged pipeline
across Chilko- Lake, Thus allowing half the hydro development while pre--
serving Chilko in its natural state for sockeye production. This would -

allow development of the power potential of the Homathko River in

stages. Another alternate consists of diverting the Taseko to the
Southgate, by-passing Chilko Lake by means of a tunnel around the south
end of the lake. L

Interim Report on the Chilko River Watershed, 1949, (published).
Al so unpublished memorandum reports and other data. .

July 1, 1957.
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_ , o . .
Subject ¢ Hydroelectric Potentislities in the Freser River Watershed

.To sﬁudy the feasibility of various proposed pover developments
on salmon and non-salmon producing streams of the Fraser River
watershed.

*d
=]
E .

:Started 1948, continuing,

;
;

Location  t Office analysis of data.

. m_gm H A.C. 'Codpér.
Goeperating
Agencies s None.
Personnel ¢ One engineer and various office assistants, part—tlme.
" Cogt, : $10,000. exclusive of Chilko and Nechako studies, reported else-
where. .
Resulls ¢ In order to better'ﬁﬁderstand the relative value of proposed

hydroelectric developments on major rivers of the Fraser River
watershed, independent studies are made of the engineering and

" economic feasibility of possible developments on salmon and non-
salmon produclng streams. Major sites have.been studied that
include various sites on the main stem of the Fraser River, and
Quesnel, Adams, Stuart, Shuswap, Chilliwack, Chehalis and Lillooet
Rivers. Many possible alternate developments on non-salmon streems,
including the Cariboo end Clearwater Rivers, have also been studied.

 Agsessment : A contlnulng study of. proposed power developments on salmon streams
and alternate developmente on non-salmon streams is essential in

order to provide maximum protection and extension of the salmon
stocks. A S

Reports . : Unpublished data. o

July 22, 1958,
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Sockeye_Salmon Productivity.

To measure the various survival rates under natural condltione:
during the different phases of the life history of Fraser River
sockeye salmon.- .

Started 1948 continuing.

Chllko.Leke, Cultus Lake.

‘J. weira

Varies from year to year.

-Estimated, $120,000.

Continuing data are being accumulated to show the natural eurvival

- rates of the species. At Chilko Lake,there is a variability in

the survival from eggs to fry from 5 to 13 per cent, but a .
consistent survival rate from fry to yearling migrants of about -
50 per cent. Survival from eggs deposited to returning adults

is about 0.3 per cent. At Cultus Lske, the survival from eggs
to yearllngs varies from 1 to 5 per cent.

fContinuing data are being accumulated to determine variations in

the natural rates of survival during the different phases of. the-
life cycle of the sockeye salmon., The results are valuable, not
only in maintenance and rehabilitation, but also in assessing the
possible adverse effects of industrial development. ,

‘Unpublished datau

July 22, 1958
Revised December, 1961 '
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Sub jeet; ¢+ Transplantation of Sockeye Salmon Populations.

Purpose’ ¢ To rehabilitate sockeye salmon to barren or near—barren areas,AfA
Duration . : Started 1948, continuing.

Logation s Upper Adams River, Selmon River, Barrier River, Portage Creek,
' Creek X (Nadina River), Middle Shuswap River.. .
t

In_Charge . .leormerly J. D. Remington, now R. Stewartf

- Cooperating
Agencies 3.

Personnel ¢ Biologist and about three field assistants.

Cosgt - o8 Cost was very high during the early stages vhen a hatchery was

. built and operated in the Quesnel area but in recent years the -
cost has been about $10,000. annually. -Estimated total ex=-
penditure, $165,000. : o f : '

Releases of hatcheryareared fingerlings have failed to provide

any adult returns except that Horsefly River stock reared and-

- released in the Horsefly drainage did return to the hatchery. .
Any attempt to advance ‘the growth of hatchery-reared kokanee to
stimilate their seaward migration also failed to provide adult
returns. ' The only method that lias been found satisfactory

- consists of transplenting fertilized eggs to an area having a

temperature cycle and migration distance compatible with that -

- of the ‘donor stream.

Regults

Assessment ¢ Every effort is being made to. rehabilitate sockeye runs in barren
) ' or near-barren areas. - In view of the stringent requirements .for
successful transplantation there seems no possibility that major
. runs affected by industrial development could be compensated for
by transplantation to other areas.

Reportg ¢ Annual Raports, IaP.S,E.C.

July 22, 1958
Revised December, 1961
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.Lake Productivitz.

Fﬁ .

o .
D

o

Ae

Purpose - ::To assess the productiv1ty of lakes in the Fraser River
watershed for rearing sockeye salmon and to determine the
limnological factors-limiting or controlling productivity.,

Duration S Started 1949, continuing.

Location .t Frager River watershed.

'ln”chargg : z‘J.-Goodman.iw_

Cooperating -

" " Agencies 3

Personnel . 3 Various numbers of biologists, engineers, and field and
o office assistants. o

Gost - +.$30,000. o o ._
- Results - : ‘The bottom contours of all of the kmown and potential sockeye )

producing lakes.of the Fraser system have been surveyed. Studies
of plankton production, distribution of fry and fingerlings and -
- studies of kokanee and trout populations ‘have ‘been underway for:
several years. A knowledge of the freshwater growth of sockeye
. ¢an be obtained from measurements of the nuclear area of the scale.
- A relationship between numbers of fish and avallable food supply -
is established and:in addition.a measure of the spatial dig- -
tributions of feeding fish in- the large lake-rearing areas’ Is made
possible. -Annual predator abundance, possible ‘eyclical: occurrénce
of parasites or competitors, and effect of each annual population
of sockeye on the freshwater food supply are being continuously -
studied in an effort to find the cause or causes of the quad=
rennial cycle in productiv1ty. '

This study must necessarily be conducted over a period .of many ‘
years. The information is very valuable in studying the feasibility
-of increasing the productivity of sockeye salmon and of bringing -

" additional lakes, such as Horsefly Lake, into production. In . -
addition, it is essential in studies of the possible:adverse
effects of industrial developments and water diversions, such’ as

" the proposal to.divert part of the Columbia River into ‘Shuswap
Lake. Available information indicates that this diversion would
have a serious adverse effect on the productivity of ohuswap Lake._

Agsesgment

Seasonal and Annual Changes in Availability of the Adult | ‘
. Crugtacean Planktérs of Shuswap Lake, by r.J. Ward, I.P.S.F. G.,
Progress Report, 1957. ‘

Reportsg

. o . July 22, 1958
Rev1sed December, 1961
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Subject ¢ Hydroelectric Development on_the Nechako River
- Purpoge : To assess sockeye conservation problems relative to the Alcan
‘ hydro development in the: Nechako River System and to recommend
4 remedlal measures. : :
Duration. : 1949, continuing.
Location i Field studies in Nechako River and tributarles, plus analysis of
o ~data in office. " ‘
In Charge : Formerly Milo C. Bell3and'RaI.‘Jackson,{nowiA.C..Cooper.
Cooperating ; '
Agencies d Ganada Department of Fisheries and Fisheries Research Board of
T ’ o Ganada. c
Personpel :,Engineers, b1010gists, ‘and various numbers of field and office |
: assistants. =~ = :
Cost ¢ $30,000, estimated:direct expense.
<:> Results ‘\ 3 Calculations 1ndicated that protection of the salmon resource .
» - would require consideration of discharge, depth, and velocities
in the residual river below Kenney Dam ‘and that in order to maintain.
a water temperature of less than 680F during- the migration period,-
‘cold water should be released into the Nechako River from the ; :
reservoir at a depth of 200 feet or mores-
Assegsment ¢ No agreement could be reached with the Company for the release ‘
of water for temperature control and a serious problem “therefore
exists in the Nechako River whlch requires continulng study. .
Reports ¢ Report on the Fisheries Problems Created- by the Development of

Power in the Nechako-Kemano-Nenika River Systems; Canada Department
of Fisheries, Fisheries Research Board of Canada, and I.P.S.F.C.,

41951, (Mlmeographed).

Supplement Number 1 to above report, Temperature Chancés 1n the
Nechako River and Thelr Effects on the Salmon Populations; Cenada
Department of Fisheries, I.P.S.F.C., 1952, (Mimeographed). .

A Review of the oockeye Salmon Problems Created by the Alcan Project,

v1n the Nechako River Watershed, I.P.S.F.C., 1953, (published)

Also unpublished temperature data.

July 1, 1957.
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Hydraulic Studies of Flat and Cylindrical Wire Screens

Sublect :
-ngggﬁg ¢ To determine, the hydraulic characteristics of wiie screens for

application in screening migrant salmon from water diversions.
Durgtion . * 1949 - 1950.
Logcation ¢ Hydraulics Laboratory, University of British Columbia.

In Charge ¢ F.J. Andrew, with Professor E.S. Pretious as consultant.

Cooperating

Agencies __ ¢ University of British Columbia.

Persgonnel. ¢ Engineer and one technician.

Cost, : $5,000, estimated.‘

Results s ﬁead—discharge relationships fOr'eight different mesh sizes of

_screen were obtained at a number of angles of inclination to flow
for flat plate screens and for drum screens. ’

Asgessment ¢ This study formed, the first phase of an.investigation of mechanicai.
© fish sereens. .

- Head-Discharge Relationships for Wire Screens in Plane and Cylin—.
drical Forms, by F.J. Andrew. Unpublished manuseript, 1951 (typed).

E

July 1, 1957.
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Subject ¢ Mortalities to Downstream-Migrant Salmon at Baker Dam

Pufpgsg ¢ To measure the mortality rates of downstream~migrant sockeye and
coho passing over the spillway and through the turbines at Baker
Cam,

Duration s 1950 = 1954.

Logcation ¢ Baker Dam, on Baker River, tributary to the Skagit River, near
: Concrete, Washington. :

In Charge ¢ J.A.R. Hemilton and F.J. Andrew.

Cooperating

Agencies _ ¢ Washington State Department of Fisheries.

Canada Department of Fisheries.

Perasonnel @ Biologist,‘engineef, énd up to 12 field assigtants.

Cost : $40,000, estimated.

Regults : Over 95 per cent of the migrants leaving Baker Dam reservoir
used the gpillway and less than 5 per cent used the turbine
outlet, which wus submerged 85 feet at full reservoir. Sixty-
four per cent of native sockeye and 54 per cent of native coho
were killed in passing over the 250-foot high spillway with one -
gate open, and 34 per cent of sockeye and 29 per cent of coho
were killed in passing through the turbines at full~load con=
ditions. These data obtained by sampling the migrating popula=
tions with fyke nets, were supported by dats showing that
sockeye, marked as downstreasm migrants and released over the
spillway and through the turbines, upon return as adults had
experienced a spillway mortelity of é3 per cent and a turbine
mortality of 37 per cent., Much of the injury and mortality to
the yearling salmon was caused by sbrasion on the spillwasy and
pressure changes and cavilation in the spillway and turbines.

Assessment ¢ This was the first study that conclusively showed that downstream
migrants suffer a very high mortality rate in passage over high
dams.,

Reports ¢ An Investigation of the Effect of Raker Dam on Downstream Migrant

. Salmon by J.A.R, Hamilton and F.J. Andrew, Bulletin VI, I.P.S.F.C.,
1954 (published). - . ‘
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Subject, :
Purpoge :

Duration ¢
Locatiop ¢
In Charge ¢
QOOpezzttng :
Persopngl ¢
Cost, H
Besults :
Assesgment ¢
Beporig :

Ereliminary Study of Nethods of Gulding Sockeve Smolts

To make a preliminery stﬁdy of methods that might be effective
for guiding sockeye smolts away from hazerdous areas at dams.

Spring, 1952,
Cultus Lake.

A.C. Cooper.

None.
Two men.
$2,000, estimated.

No completely successful method of leading fish to an opening
was found. Lights provided a definite attraction to migrants
at night but not all of the migrants used the lighted path. -
Low-freguency metellic noises, rapidly moving cbjects in the
water, and white flash boards repelled the fish., Low amplitude,
high frequency sound waves had no noticegble effect on the
migrants.

Results from this study proﬁided the basls for more comprehensive
studies at Cultus Lake in 1953,

-Downstream Migrant'Study - Cultus Lake, 1952. Unpublished

 manuscript, (typed).
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Miw&__g.c..%-

m_pjg - t To make a comparative atudy of the effectiveness of va.rious -
stimuli that might be useful for guiding or dafleeting sockeye
‘smolts away from hazardous areas at dams.

Duration - s Spring, 1953. - ’ . R
Logation ¢ Cultus Lake. ' | '

m : F.J. AgerWo‘

Cooperating :
Agencleg _ ¢ None,

Personngl, : Biologist, h_engineer and three as_sistehts. :
Gost :‘$1o,ooo, estimated.

Results ‘s Comparative tests showed that a vell of rising air bubblea :
' attracted fish during daylight but repelled them during darkness.
. I1lumination of the bubble wall during darkmess increesed the
efficiency of repulsion. The varisble results obteined indicated
-that a veil of rising air bubbles would probasbly not be very ef-
.fective for guiding dovnstreem-migrant ‘gockeye at a large dam. .
Lights located sbove the water surface also gave veriable results
in guiding the fish but a significent attraction of the fish was
obtained when subsurface spotlights were used. A shaded or pro-
- tective passageway was partielly effective in attracting fish
"during daylight. High~-freguency sound waves were again found to
. be completely ineffective. An electric fish screen was developed
that gave much more effective’ guiding than any of the other -
stimnll tested. -

Assegsment ¢ Since the electric screen developed in this study was much more .
' .- -effective than any 6f the other stimuli tested, a more comprehen-
give investigaticn of thig electric screen wes conducted at
Cultus Lake in 1954. :

Reports ! An Investigation of the Problem of Guiding Domstream-Migrant .
o Salmon at Dams, by F.J, Andrew, L.R. Kersey, snd P.C. Johnson.
I.P. S.F Co .Bulletin VIII, (published).

July 1, 1957,
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Subject . ¢ Mortslities to Downstream-Migrsnt Sockeve at Rugkip D
Purpogse : To measure the xﬁor'tality rate suffered by downstream-migrant
-sockeye passing through a turbine at Ruskin Dam.
Dursption @ 1953. .
L_opm ¢ Ruskin Dam, on the Stave River, near Mission.
In Chg;:gg l H ReIo Jaéksone
Cooperating o .
Agencies __ ¢ Canada, Department of Fisheries,
Washington State Department of Fisheries.
m; : Three engineers, biologist, and four field assistants.
Coat: s $10,000, estimated. \
Results ¢ Mortelities to hatchery-reared sockeye passing through this
' Francis turbine under a head of 130 feet vere estimated to be
‘ 10 per cent at full load. .
O Assenspent ¢ This test was conducted in order to obtain an estimate of the
. " mortality rete to be expected in the. turbine that wes to be in-.
-gtelled in the hydro electric instellation at Seton Creek, necr
Lillooet. ~The turbine proposed for installation at Seton was
almost identical to that tested at Ruskin. Since the ireasured
nortelity rate was very low, methods of preventing fish from = .
entering the proposed Seton turbine were considered uvmnecessary,
However, an agreement was made with the BiC. Electric to the
effect that the actual mortelity rate would be measured at Seton
_after the plant was in operation and the need for protective
facilities ab the dam would be reconsidered ab that time.
Reports : A Study of Mortality Rates in & Turbine at Ruskin Dem by J.A.R,

Hamilton and F.J, Andrew, 1954. Unpublislied manuscript (typed).

\

July 1, 1957.
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- Cooperating

Personpel

Reports

Desien of Fish Facilities for Setop Dam

To deviee facilities for the passage of adult salmon over the
proposed Seton Creek Dam and for the transportation of salmon up
to the dam, and to develop means of providing suitable hydraulie

- conditions in the tailwater pool of the dem.

1953. ‘
Hydraulic Leboratory, University of British Columbia.
R.I. Jackson.

Canada, Department of Fisheries and B.C. Electric Company.
Two eﬁgineers, Profeseor E.S, Pretious as lisison with the

" Univereity of British Columbia where the work was done, and

carpenterg and other: skilled workers from the University. -
$3,000, estimated.

Determined the layout of fish facilities and suxiliary water
supply at the Seton Creek Dam,

' Observations of fish passage in 1956 (see summary) indicated that

the figh facilities, as designed by means of these hydraulic model
studies, were adequate for the safe upstream passage of adult
sockeye salmon.

Report on Model Studies of Proposed Fish Protective Facilities for

Seton Creek Dam, by A.C. Cooper and W,E. Boresky, 1953.
Unpublished manuscript (typed).

July 1, 1957.
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Artificial Spawning Area at Horgefly.

To determine the feasibility of prbduclng sockeye salmon in
Horsefly Lake, by the use of an artificial spawning area for
incubating the eggs and to further investigate the effects of
gravel type and rate of flow on fry production.

Started 1953, concluded 1959.
Quesnel Field Station, Horsefly Lake.

Formerly J.A.R. Hamilton and J. Pyper; now J. Remington and
J. Pyper,

Biologist, engineer and two assistants, and construction and
maintenance forces.

$60,000. estimated.

Since Horsefly Lake does not have a natural spawning area

adjacent to it, an artificial spawning area is required before
this lake can be utilized as a sockeye producer. Experiments
indicated that high egg survival could be obtained by pumping
water from the lake and introducing it into an improved gravel

"~ bed by means of perforated plastic pipes so that the water would

disperse and percolate up through the gravel. The survivzl rate
from eggs to fry has been about 60 per cent, as compared to sbout
10 per cent in natural streams but for reasons that are not under-
stood at the present time, the production of smolts from the

lake has been unsatisfactory.

Although no success has been obtained in producing a seaward
migration of yearling sockeys from Horsefly Lake, valuable
information has been gained concerning artificial spawning areas.
Physical factors of Horsefly Lake itself and the effect of
prevailing uplake winds on surface currents are belisved to be
the causes of the failure of the smolts to migrate pather than
biological conditions in the lake.

Unpublished data.

July 1, 1957
Revised December, 1961
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Subject ¢ Iransplantation of Adult Sockeye Splmon S

Purpose ; Io determine the feasibility of establishing sockeye runs in
barren areas by transplanting adult spawners.

Quration = ¢ 1953 to 1957.

Logatiop ¢ Horsefly Lake artificial spawning area and Upper Horsefly Rivers

InCharge : J.D. Remington. |

Cooperating

Agepcles ¢ None., .

Persopnel - @ Bilologist and up to four assistants, exclusive of experiments at

Horsefly artificial spawning area, reported sepasrately.

Cort : $ 1,000 in 1957, exclusive of experiments at Horsefly artificial
_ spawning aree. : ‘

Results ¢ Attempts to establish a sockeye run in the Horsefly River above

the normel spawning area by introduction of adult spawners failed
completely., All or nearly all of the 1002 live fish-transported
from below Horsefly Falls to the Upper Horgefly ‘River migrated
downstream over the falls to return to their normal spawning area
despite the existence of the same temperature cycle and apperently
excellent spawning grevel in the upper river, The same stock of
fish, when transported to Horsefly Lake, spawned successfully in
an aritificial spawning area but in this case they were held in an
enclosure surrounding the spavming area; they were not required te
migrate upstream from their point of release. Ever in this case,
however, egg retention after spawning was higher than under natural
conditions.

Assesspent ¢ These experiments have suggested some of the apparently inswrmoun~
table problems that would be involved in attempting to transplant
a major sockeye population from thelr ngtursl spawning area to
- another ares if the former was. destroyed by a hydroelectric or
’ other water-use development, .

Reports ¢ Unpublished Reports.

J'llly 22, 1958,
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Subject;
Enapéée-

Duration
Locgtion
In Cherge

" Gooperating
Agencles

Bersonnel
Cost
Regnlts

Agﬁaﬁﬁmegt

Reports

o0

Electrle Screens for Adult Salmon

To investigate the feésibilitj of electric screens for keeping
adult salmon away from hazardous areas such as at dame and for
guiding them to by-passes.

Fell, 1953.

Sweltzer Creek, Cultus liske.

F.J. Andrew.

‘None.

Engineer, biologist, and four men.
$6,000, estimsted.. =

The_electriclscreens‘tested'consisted of two parallel rowé of

. 1=inch diameter verticel electrodes energized with direet, in--
-terrupted direct, 60-cycle alternating and helf- and full=-wave

rectified alternating ourrent. These electric screens were

- effective in stopping the fish provided the electrical stimuli

caused a sufficlent impairment of the fishes' swimming ability
end the water velocity exceeded 2,0 feet per seconds In lower

- water velocities, some fish were killed when they became immo=-

bllized and settled to the bottom in the electrified area. A
distinct dlsadvantage of the electric screens tested was that
fish made repeated efforts to penetrate the electrified zone
rather than lead slong it to a by-pass. The fish also seemed
to become fatigued after repeated electrical exposures.

: The results did not indicate that electric gcreens would be
. offective in guiding adult salmon at dams, but that they might

be effective in certain applications where it was required only
to stop the upstreem migration. Before electrlic screens can
be considered satisfactory for practicel use, the biological
effects of electrical stimilation must be thoroughly.eXaminéd.

Electric Screens for Adult Salmon, by F.J, Andrew, P,C. Johnson
and L.R. Kersey» I.P.S.F.C. Progress Report, 1956, (mimeoo).

-July 1, 1957.
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Peraomgel, -
Cost

Aspessment

Reports

Effect of Elechrical Fxposure of Adult Sockeve op Survival
of Egos, ; ' T

To determine if the electricul exposure suffered by adult
sockeye salmon in the experimental electric screens used at.

~ Cultus Lake would have an adverse effect on the survival of

the eggs and sperm.

.1953 - 1954.

Sweltzer Creek, Cultus Lake.

P. C' JOhnSOTl.

B.G. G;me Commissilon.

Biologist, engineer, and three assistants.

$5,000, estimaied, 

The intensity of electrical stimulétion used in these tests did

. not appear to have an adverse effect on egg survival nor was the

proportion of abnormal fry inereased. It was noted, however,
that adult salmon appeared to become fatigued after electrical
exposure and this might have an adverse effect on thelr asbility
to reach the spawning grounds and to spawn successfully.

‘Before electric screens can be considerad satisfactbry for

- practical use with adult salmon, the biological effects of elec~

‘trical exposure must be examined more thorouchly than wes possible

- in this experiment.

To be prepared.

July 1, 1957, -
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, An_Chatge
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- Agengles .

" Rexsonnal
B Qo.ﬂ
Besulta

nggxiﬂ 7
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‘To mske further improvements in the guiding efftclnncy of the

. type of electric screen developed in 1953 and to investlzate

the effect of various electrical stimuli and electrode arrange-
ments.

Spring, 1954.
Swaltzef Creek, Cultus Lake.

.Fo Jo Andrev.

None,

Bioiogist,’engineer and three assistants.

$10;000,° estimated. |
The stimuli tested included direct current, interrupted direct

current, rectified 60=cycle alternating current, rectified %00
cycle alternating current, interrupted. rectified alternating
current, and condenser discharge impulses and it was found that
direct current and interrupted direct current gave the highest

guiding efficiencles, One of the most effective electrode

arvangements -consisted of using two parallel rows of. vertical

rod ‘electrodes, one inch or smaller in diameter, with a 24-inch

‘space between rows and a 12-inch space betuween electrodes in

_each of the two rows. In the relatively ‘smallegcale tests that

could be conducted in Sweltzer Creel, the type of electric screen

“developed in these’ experiments was over 90 per cent effective in

«Iguiding sockeye. smolta."

In view of the success obtained with electric screens in these
small-scale experiments, a test was conducted under prototype
conditions at Baker Dam and it was found that the. type.of electric
screen used was almost completely ineffective.

An Investivation of the Problem of Guiding DownstreampMigrant

. Salmon at Dams, by F.J, Andrew, L.R. Kereeys P.C. Johnson.

i. P, s.‘.c,, Bulletin VIiI, 1955, (published

July 1, 1957,
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Survival of Yearling Sockeye Salmon After Elecirical, Exposure

To investigate the immedliate and latent effects of electrical
exposure on yearling sockeye salmon,

1954 to 1957,
Swaltzer Creelk, Cultus Lake.

P.C., Johnson,

B.C. Game Commission.
Biologliat, engineer, and five assistants.

$10,000, estimated.

Exposurs to the intensity of electrical stimull used in the
electric screens at Cultus Lake and Baker Dam can result in
immediate mortality to some fish but under proper conditiona
this immediate mortality can be reduced to a negligible propor-
tion. Fish held for 30 days after exposure did not show any
adverse effects. Yearlings marked and released after exposure
shoved the same survival rate to the adult stage as fish that
had not bean exposed to electrical stimuli. - There appeared to
be no significant difference in the growbh rate of the two groups.
Soma of the adults that had been exposed and marked as yearlings
were artificlally spavmed to determine whether the reproductive
ability of exposed fish was affecteds This latter phase of the
experiment has not been completed but preliminary results do mot
indicate any adverse effect of exposure.

A1l available information indicates that the growth and survival
of yearling sockeye are not adversely affected by the intensity
of elsctrical stimulation used in electric screens provided the
electric screens are properly designed.

To be prepared.

July 1, 1957,
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Laboratory Study of Survival of Sockeye Eggs aﬁd Aleving in
Spawning Gravel.

To determine the factors affecting survival of eggs and aleving
in gravel.

1954, coneluded 1957.

Laboratory, New Westminster and University of British Columbis.

: J. Pyper.

University of British Columbia,
Engineer and one assistant part time.
$10, 000

In connection with the problems of obtaining maximum fry pro-
duction from natural spswning areas and of developing artificial
spawning areas, the survivel rate of eggs and alevins was
measured in natural and "improved" gravels under various flow
conditions., Survival was shown to be directly releted to the
rate of percolation of water through the gravel which, in turn,
was related to the head or slope and the composition or per-
meability of the gravel. Survivals were also measured for var—
ious gradations of gravel and depth of cover over the eggs and
for various placements and concentrations of eggs within the
redd.

The physical factors affecting survival of eggs and alevins
under controlled conditions are now fairly well defined butb

the reasons for the much higher survival in artificial hatching
conditions than in natural streams are not completely understond.

Unpublished data.

July 22, 1958
Revised December, 1961
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Silt Deposition on Spawning Grounds.

" To investigate the effect on egg survival of depositions of silt

such as from placer mining operations.

1954, concluded 1959.
Horsefly River and laboratory in New Westminster.

N
A. C. Cooper.

Two engineers and one agsistant.
$5,000. estimeted.

Depositions of sediments on sockeye spawning grounds cen reduce
the survival rate of eggs and elevins heing reared in the gravel,
The reduction in survival is in proportion to the reduction of
flow through the gravel, which in turn varies with the concen-
tration of sediment and the sediment particle sizes. Placer
mining operations could be injurious to salmon productivity by
physical destruction of spawning grounds in the process of wash-
ing gravel for gold, by increasing the turbidity of the river,
and by adding to the stream abnormal quantities of sediment which
would later be deposited or carried along as bed load and which
would affect the survival of eggs and alevins in the gravel, and
of fry in the stream. '

A report prepared on thile work, resulted in the Chief Gold
Commissioner of British Columbia ruling that no further placer
mining leases would be granted -on the Horsefly River or its
tributaries.

A Study of the Horsefly River and the Effect of Placer Mining
Operations on Sockeye Spawning Grounds, by A. C. Cooper, 1956,
unpublished manuseript, (typed).

Also unpublished data.

July 1, 1957
Revised December, 1961
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Sublect E;L@;:Ez;i.,rz_l‘s“.lgh Soreen for Doymstrean-Migrant Salmon at Baker
' Dam_(195%

Purpose 1 To measure the practical gulding effectiveness of a large-scale
electric fish screen at Baker Dan.

Duration ¢ Spring, 1955.

Logation ¢ Baker Dam, Concrete, Washingtom.

In Charge ¢ F. J. Andrew.

Cooperating

Agencies ¢ Washington State Department of Fisheries; Canada, Department of
Fisheries; and Puget Sound Power and Light Company.

Personnel, ¢ Engineer, biologist and seven men.

Cogh ¢ $40,000,. estimated.

Resylts  : An electric screen, 250 fesot long by 50 feet deep placed across

the forebay of Baker Dam was not effective in leading fish to a
by-pass provided at the crest of the dam. Sockeye and coho smolts
continued to migrate over the spillway irrespective of whether the
electric screen was operating or turned off. This electric screen
was energlzed with direct current and was similar to the type of
electric screen that had been found very effective in previous
small-scale experimonts. Ons of the serious problems encountered
in the large~scale experiments was that the electric screen inter=
fered with the normal migration in that it caused some of the fish
to sownd to below their normal swimming depth. Another serious
problem was that the fish were reluctant to enter the artificial
by-pass channel,

RaMe ¢ This project was the first study on a protobvpe scale of an electric

: screen for gulding downsurearumlgxant sockeye and coho salmon. It
provlides a good illustration of the inadequacy of small-scale ex='
periments for predié¢ting the practical effectivencss of fishe
‘protective facllities for large-scale use at dams.

Beporta

*

An Investigation of the Problem of Guiding Dowmstream-Migrant
Salmon at Dans, by F.J. Andrew, L.R. Kersey and P.C. Johnson,
I.P.S.F.C. Bulletin VIII, 1955, (published).
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Sub ject
Burpose
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Logation
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C'OOpefatipg

" Assegmment

R..

To measure the mortality rate suffered by newly—emerged sockeye
fry passing over Horsefly Falls.

1955.

‘Horsefly River.

J.A.R. Hamilton.

- None,

Biologist and two assistants.
$5,000.
The total drop in about 2,000 feet of falls and rapids is about

100 feet, the largest single drop being about 28 feet. There was
no indication that these falls would have a serious adverse effect

~on the survival of newlyeemerged fry. Four tests indicated no

mortality and ome test indicated a mortality of 5.6 per cent.

This experiment was conducted as part of an investigation of th'e
feasibility of developing the river above Horsefly Falls as a
gockeye spawning ground. Since the fry mortality will probably

be negligible in the falls, the next stage of the investigation

can proceed. Adult sockeye will be transported by truck and re-

leased above the falls in order to permit a thorough study of the

suitability of this environment for sockeye spawning. The mor-

-tality rate in this natural falls is much lower than would be

expected in the efficient, man-made energy dissipators of spill— '
ways at dama.

Effect of Horsefly River Falls on. Downstream-Migrant Sockeye Fry,

by J.A.R, Hamilton and Roger Goodland, I.P.S.F.C. Unpublished
manuscript, 1955.

July 22, 1958,
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' doopereting-

Cogt

To etndy the fisheries problems that would arise as a result.of
the construction of 10 dams on the Fraser and Thompson Rivers to
utilize the hydroelectric potential of water diverted from the

' Columbia River.

1955.
Office analyeie of data from various investigationso

Cooperative effort.

Canada, Department of Fieheries, B C. Fisheries Department end
'B.C. Ganme Commiesion.. B . .

Engineer, biologist, consultants, end office assistante.,

$10,000, estimated direct expense. Supporting evidence obtained
from prior knowledge from other investigations. - '

It vES conoluded, in spite of the provision of the best modern
- fish~protective facilities, that the proposed scheme would destroy

- a yeluable segment of the Skeena River sockeye salmon fishery and’

would preclude the preservetion and extension of &ll the salmon.
and steelheed rins originating in the Fraser and Thompson Rivers
upstream from the proposed dems. The dems would delsy the up-
stream migration of adults and kill a large proportion of the see-

. ward migranta. Other problems would be created in relation to

spawning grounds, stream and lake temperatures end ecology, end:
fry migration. .

Experimental .progrems have been started to obtein further informa-
tion concerning. the many problems involved in protection of the

_fishery resource.

A Report . on the Fish Facilities and Fisheries Problems Related to

‘the Fraser and Thompson River Dam Site. Investigations, Canada
Depertment of Fisheries, I.P.5.F.C., 1955, (Mimeographed).

4
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H

Electiric Fish Sereen for Downstream-Migrant Salmon at

Baker Dem (1256).

To make further tests of a prototype electric screen and to study
by=-pass design.

Spring, 19560
Baker Dam, Concrete, Washington.

F, J. Andrew,

Canada, ﬁepartment of Figherles; Washington State Department of
Fisheries; Puget Sound Power and Light Company.

Bilologlst, engineer, and seven men.
$27, 000, ) estim&'bedo

An electric screen 200 feet long and 50 feet deep energized with
direct current was placed acrogs the forebay of the dam and a by~
pass trap, much larger than the one used in 1955, was provided at
the crest of the dam. The type of electric.screen used in these

"experiments was again found to be ineffective. A webbing barrier.

only 15 feet deop placed ascross the forebsy in the same location
as the electric screen was much more effective. The by~pass used
in these experiments was quite effective in collecting fish during
darknees but was ineffective during daylight.

The results of this investigation confirmed the results of the
previcus work at Baker Dam with respect to the ineffectiveness of
prototype electric screens for keeping smolts away from hazardous
areas at dams. Electric fish sereens being developed by other
fisheries agencies using other electrode arrangements and electri-
cal conditions shoulcd be thoroughly investigated at the prototype
level but further large-scale tests with the type of electric
screen used in these studies gt Baker Dam seem unwarranted.

Further Experiments with an Electrlc Screen for Downgiream-Migrant
Salmon at Baker Dam, by F.J. Andrew, P.C. Johnson, and L.R. Kersey,
I,P,S.F.C. Progress Report, 1956, (Mimeo.).

July 1, 1957.
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Energy Studies of Migrating Adult Sockeye.

To measure the utilization of Body,oils of socksye salmon in
their ascent of the Fraser River and to investigate the tolerance
of various races to migrational delays.

Started 1956, continuing.

Fraser River watershed, from the ocean to the spawning grounds. .

Dr. W.A. Clemens and S.R. Killiclk.

Fisheries Technological Station, Vancouver, B.C.

Two biologists and two biochemists.

$60,000. estimated.

The passage of Stuart Lakeé and Chilko Lake sockeye was studied
in 1956, The analyses sre still incomplete but preliminary
examination of the results from Stuart Lake sockeye indicate a
steady decrease in muscle~oil from Lummi Island to death in
Forfar Creek. On the average, a Stuart Lake sockeye in 1956
started its migration with 13 ounces of muscle-oil., After
spawning it had about one ounce remaining. A tentative con-
clusion is that a Stuart Lake sockeye in 1956 could not have
withstood a delay at a dam or other obstruction of more than
three or four days. However, a more complete analysis of the-
data must be made before final conclusions can be drawn,

The results from this study are so important in determining the
tolerance limits of adult sockeye to migrational delay at dams
and obstructions that the field and laboratory work will be
expanded. It is planned to study the variations among races and
from year to year and cycle to cycle. The data will be analyzed
and s report prepared as soon as possible.

The Energy Expenditurés of Fraser River Sockeye Salmon During the
Spawning Migration to Chilko and ‘Stuart Lakes, by D.R. Idler and
W.A. Clemens, Progress Report, I.P.S.F.C., 1959.

July 1, 1957
Revised December, 1961
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Subject : Passage of Adult Sockeye at_Seton Dam.

Purpose ¢ To study the passage of adult sockeye salmon in Seton Creek, as
affected by the Seton Creek hydro~electric development.

Duration ¢ Started 1956, continuing.

Location ¢ Seton Creek, near Lillooet.

in Charge ¢ F,J. Andrew.

Gooperating :
Agenciles ¢ Canada, Department of Fisheries.

Personnel ¢ Engineer, biologist and two field assistants part time.

(]
o]
7]
ct

$4,000, estimated in 1956.

In order to reach their spawning grounds in the Seton-Anderson
watershed, sockeye salmon miust migrate past the Seton powerhouse,
located on the Fraser River, 4,500 feet downstream from the old
Seton Creek channel, and thsy must ascend a 26-foot dam in Seton
Creek. In 1956, no major problems were encountered because the
powerhouse did not start operating until after the runs had passed.
Approximately 9,000 sockeye were counted through the fishway,
which is the highest head vertical=slot (Hell's Gate type) fishway
in existence. Some fish that had passed through the 350-foot long
. fishway appeared to be excessively fatigued, and it was indicated

that the 26~foot total head might be the allowable maximum for

this type of fishway. One fish is known to have passed through

- the .fishway in 11 minutes but the average time of passage was 20

or 30 minutes. When the spillway gate was operating, -fish
accumulated in eddies immediately downstream from this gate rather
than move to the other side of the dam to enter the fishway, where
the velocities were very iuch lower.

o
i
IF

ct

[7

Assessment ¢ If the Seton-Anderson salmon runs could be built up to their
historiecal levels of abundance, it has been estimated that the
average annual wholesale value of all of the species combined
would be about $1,700,000. It is essential, therefore, that all
of the fish passage and spawning problems be thoroughly studied
in order to protect the runs as much as possible. More extensive
studies are planned for this year.

Reports ¢ Sockeye and Pink Salmon Investigations at the Seton Creek Hydro-

) ' electric Installation, by F.J. Andrew and G.H. Geen, I.P.S.F.C.,
Progress Report, No. 4, 1958.

July 1, 1957
Revised December, 1961
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"To investigate the feasibility of using a 450=-£o0t 1ong by 30-foot

deep webbing barrier for deflecting fish to a by-pass in the fore-

‘bay of Baker Dam and to study possible improvements in the by-pass

used in previous experiments.

Spring, 1957. |

Baker Dam, Concrete, Washington.

P.C, Johnason and F.b;lAnd£ew.

Cénada, Depa;tment of Figheries; Washington State Department of
Figheries; and Puget Sound Pover and Light Company.

Biologist, engineer, and eight asglstants.

$15,000, estimated. '

The experiment is still. in progress, but preliminary results
indicate a significently improved deflection of coho smolts but

- unsatisfactory deflection of sockeye, A new by-pass design using

‘lights, mirrors, velocity and electricity to %ttract fish appears -

to be en improvement over previous designs.

It is indicated that dovnatream=migrant selmon cannot be diverted
to a small by~-pass by means of a shallow surface barrier in spite
of the fact that the fish may be predominantly on the surface.

It would appear that sockeye, at least, .sound under the barrier
rather than enter the by-pass. A continued investigation of by-
pass. design is indicgted.

To be prepared.

July 1, 1957.
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Subjsct t Mozv'tahlitiesfSufi‘ei!ed.bz Downstream - Mi'grmt‘ Sdc}{gge at Se@_r_x -
Purpose © ¢ To measure the mortallty rates suffered by downstream—-migrant
- : sockeye at Seton Dem. - -

Dupstion ¢ 1957 end 1958,

Location s Seton Da.m, near Lillooet.. :

m__c_hmg :Fo J. .Andrew.'

Gooperating )

Ag@ __g_igg ) Ga.na.da, Depa.rtmen'b of Fisheries.

P_ar,s.enngl ¢ Engineer, biologist and three assistants. ‘

Gogt : Estimated, § 6000,

Reswlis ¢ The 58, 500-horsepower verticeﬂ.-shaft Frencis turbine operating

~ at full load, under a head of 136 feet, was found to cause a
mortality rate of nine per cent. The mortelity rates in passage’
through the fish-water slulce and the siphons were seven and one
per cent respectively. Many fish were killed in the turbine even
‘though it was submerged 16 feet below tailwater, Higher mortali-
ties may be expected when the turbine is operated at part load
la.nd when the tailrace is at a 1ower elevation.

The fish-water sluice wes tested under the most adverle discharge
conditions. An alternate gate arrangement presently being used
probably results in significanﬂy less mortality.

Asseasment ¢ The Seton Creek hydroelectric plant is typical of many proposed
installations in that it causes a significant mortality among
downstreem-migrant salmon and there is no known method for

" effectively and economicelly preven‘t.ing these fiah from entering
- the ‘hazardous water passagess : -

‘Reports - Sockeye and pink salmon inves'oiga.tions at the Seton Creek hydro—
} electric installation, by F.J..Andrew and G.H. Green, International
Pacific Salmon Fisheries Commission Progress Report, 1958, -

=3

July 22, 1958,
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Rate of Travel of Seaward-Migrant Sockeve.

To determine the rate of travel of seaward-migrant sockeye in
different water velocities in order to study the posgsible adverse
effects of large, low=velocity reservoirs on the migration route,

Started 1957, continued 1960,

Chilko River, Shuswap Lake, South Thompson River, Kamloops Lake,

~Little River, Seton Lake, Cultus Lake, Sweltzer Creek.

S.R. Killick, F.J. Andrew.

Two biologists, one engineer and a various number of field assistants.
Egtimated $9,000.

The data are not completely analyzed but preliminary calculations
for Kamloops Lake, South Thompson River, Shuswap. Lake, Chilko
River, Seton and Cultus Lakes indicate fish moved downstiream at
a speed of about one-half the average water velocity in rivers
and 3 miles per day in lakes. In Little River, in water
velocities of 0.9 fps and higher the fish travelled at virtually
the same speed as the water; in lower velocities they actively
swam downstream at speeds slightly higher than that of the water.

Indications are that downstream-migrant sockeye would suffer con-
slderable delay if they had to travel through long low-velocity
regservoiras. Studies will be underteken to determine the effect
of migrational delay. ’

To be prepared.

July 1, 1957
Revised December, 1961
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¢t To investigate the patterns of flow to surface and subsurface
outlets at dams in order to provide a better understanding of
the behavior of downstreampmigrant salmon in forebeys of high
dams. .

, : Started 1957, continuing.

H Baker, Mnd Mountain and Merwin Dems in Washington State, and
" laboratory in New Weetminster.

't A.C. Cooper.

Cooperating

Reports

Two engineers and part-time assistants.

Estimated, $ 6,500,

¢ Prototype velocity measurements, using a modifiéd Roberts Meter, -
have revesled a rapid acceleration of flow 1mmediately upstream

. from subsurface outlets. The shape of the forebay is an important

factor in controlling the distance to which subsurface currents

- persist upstresm in the reservoir. The lack of a surface spill -
appeared to be the primary cause of fish sounding to subsurface
exits but the velocities from .the surface, where mogst of the fish
are found, to the subsurface outlets were so low that they could

 not be detected with this meter. An electrical analog technique
is being used in the laboratory to gtudy. the flow patterns to
outlets at various depths and of varlous sizes and shapes.

H Since downstream-migrant salmon travel mainly in the surface layers
- of reservoirs, it may be possible to prevent these fish fronm enter-
~ ing turbines by submerging the outlets to sufficient depth, proe

U.8.- Fish and Wildlife Serv1ce, Seripps Institute of Oceanography.

vided other problems do not develop such as an adverse temperature

environment below the dam, Howéver, relatively little is kmown
concerning the factors that cause fish to sound in reservolrs.
Flsh are known to sound to a depth of 140 feet at Mud Mountain Dam,

None to date.
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To determme whether. soc&eye and pinks are delayed or otherwise
adversely affected in the tailrace of the Seton Creek hydro~
electric project.

1957 and 1958, continuing.
Seton Creek, near Lillooet.
F. J. Andrew.

s

Cané.da, Department of Fisheries.
Engineer, biolo:rist,, and two- assiata.nts, parb-time.
$ 6, 000. per year.

The Seton powerhouse is- located on one bank of the Fraser River
4500 feet downgstream from the mouth of Seton Creske The flow
from the powsrhouse 1s about 4000 cfs whereas the flow from Seton
Creek is only 400 cfs. Adult salmon must migrate past the power-
house Iin order to reach their spawming grounds in-the Seton-
Anderson watershed. . Gates Creek sockeys,- which migrate upstream

:in July and. August, seemed to pass the powerhouse without adverse
. effect, Adult pink sulmon suffered an average delay of one day
. in the tallrace but some individual pink salwon and late-running

sockeye salmon were delayed for considerably longer periodse

This delay occurred in spite of periodic powerhouse shutdowns .

and appeared to be related to the level of -the Fraser River, the
delay being greatest during low water, Some of the pink salmon
end Portage Creek sockeye salmon a.ppea.red to be seriously affec'bed.
Further study is requlred. .

The Seton‘ Creek hydroelec‘bric installation is typical of diveraion

projects. . Getting the adults out of the tailrace and into thelr
normal migration routs, from which most of the water has been
diverted, is just one of t.he many problems that require cont:lnuing
study. .

t" Sockeye and Pink Salmon Investigzations at the Seton Creek Hydroe

electric Installation, by F.ds Andrew and G.H, Green, I P.S. F.G.,
.Progress Report, | 1958. :

 July 22, 1958.
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Adult §ockeie Migration in Relation to River Digchargg,

To determine the effect of river discharge on the upstream
migration of adult sockeye.

1957, continuing.

‘Office analysis of data.

- P. Gilhousen.

Biologist and office assistants. -

$4,000,

A relationghip has been established between the volume of spring
and summer discharge and the time of entry of Adams River sock-
eye into the Fraser River, the fish being delayed in years of
low discharge.

Delay of sockeye in arrival on their spawning grounds usually
results in reduced productivity because the fish arrive when
the flow conditions and temperature are not optimum for
spawning., Since 1t has been established that low spring and
summer discharges delay the fish, reduced productivity may be
expected to result from power and flood control schemes, all
of which reduce the spring and summer discharges and increase
the winter discharge.

The Behaviour of the Dominant Late Adams Sockeye Run during
a Portion of the Spawning Migration, by P.. Gilhousen, I.F.S.F.C.,
Progress Report, 1958, (Manuscript) -

‘ Juiy 22, 1958
Revised December, 1961
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Passage of Sockeye Through Turbines and Presgure Locks.

To study the effects of pressure and pressure release on’
yearling and adult sockeye salmon.

Started 1958. Continued as D 46 and D 47, 1959-1961.
New Westminster Laboratory and Cultus Lake.

A.G. Cooper.,

Two engiheera, physiologist, and two assistants part time.
Estimated for 1958, $8,000.

An apparatus, consigtimg of a tank, high~pressurée pump, vacuum-
puap, and control dewices, has been conguructed and successfully
tested. This apparatus was designed primarily for investigating
the effects of high pressure on adult sockeye in order to study
the feasibility of passing adults upstream over dams 700 feet
high by means of pressure fish locks. The apparatus can elso

be used for stimulating the pressure and vacuum conditions that
juvenlile salmon are -subjected to in passage through turbines
operating at heads-of nup to 700 feet and draft tube vacuums of
up to 28 inches of mercury. Preliminary tests with yearling
sockeye are in progress.

Tests with this equipment jwill provide basic information
concerning the feadibility of passing adult sockeye over high~
head dams by means of pressure fish locks. Even if the fish

are found to be capable of withstanding high pressures, however,
years of experiments will be required for investigating the pro-
blems involved in attracting large numbers of fish into and out
of pressure locks, the capacity of this system of handling fish,
behaviour of fish in locks, fatigue due to excitability, etc.
The present experiments:-are therefore considered as the first
step in a major experimerital program.

July 22, 1958
Revised December, 1961
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oduction of a Foreign Discharge into a Sockeye Rearing Lake

To investigate the effect of the flow of Bridge River hydro-
electric plant on sockeye production in Seton Lake.

1958~1961.
Seton and Anderson Lakes.

~ GoH. Geen.

Biologist and one assistant paert time.
Estimated, $4,500.

Monthly limnological surveys on Seton and Anderson Lakes have
revealed that the introduction of a foreign discharge from -
Bridge River into Seton Lake has caused this sockeye rearing
lake to become very turbid and has lowered the average tem=-
perature during the summer growth period. In Anderson Lake,
which has not been affected by the Bridge River hydro-electric
development, plankton production extends three or four times

as deep as in the turbid water in Seton Lake. Even in the top -
20 feet, the plankton are much more-abundant in Anderson Lake
than in Seton. Samples of fish have been obtained from these
two lakes for age—growth analyses.

The Bridge River diversion into Seton Lake provides an opportunity
for assessing the adverse effects of foreign discharges on sock-
eye productivity. The proposed diversions, for hydro-electric
purposes, of Columbia River water into Shuswap Lake and Taseko
Leke water into Chilko Lake would probably have the szme adverse
effects as observed in Seton Lake,

Limnological Changes in Seton Lake Resulting from Hydro-electric
Diversions, by G.H. Geen and F.J. Andrew, Progress Report No. &,
IoPoSoFoCo, 19610

‘ July 22, 1958
Revised December, 1961
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INTERNATIONAL PACIFIC SALMON FISHERIES COMMISSION

Experimental Sockeye Hatchery on Upper Pitt River.

To increase fry producticn from an unstable spawning ares
and to improve the quality of ertificislly propagated fry.

1960, continuing.

Seven Mile Creek, tributary of Upper Pitt River.

_R. Stewart.

Biologist, field technicisn and verious numbers of field
assistants. ‘ '

Estimated $6,000. yearly, plus $20,000. capital cost.

Fertilized eggs are incubeted in hatchery troughs in total
darkness. When they approach the fry stages they are
adjusted gradually to light. The upper half of each release
trough is covered so that the young fish can seek either a
light or dark area, snd they may leave the hatchery at their
own selected time.

December, 1961
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INTERNATIONAL PACIFIG SALMON FISHERTES COMMISSION

Pressure.Studies on Adult Sockeve.

- Subject .

Purpose" ¢ To explore some’of the possible effects of pressure locks on
- ~ upstresm mlgratlng adult sockeye.
Duration ¢ Started 1958, continued 1959.
_ Location : Temporary Fiéld Station, Cultus Lake, B.C.

1

In Charge .+ J. Pyper, H.H. Harvey.

" Cooperating '
. Agencies

Personnel

Engineer, physiologist, one assistant - all part time.

Cost, Estimated %6,000.‘yea}ly.

In 1958, 40 adult sockeye were studied in early October and 66 in:
late November and December. Pressure tested and control fish were
marked and held in a pen in Sweltzer Creek. In the early studies

50 per cent of the pressure,treated females died during the first
three weeks of holding. 'During this same time there were no losses
among control females or among.test and control male sockeye. The . |
pressure treated females appeared to dig excessively within the hold-
ing pen and those fish which died evidenced severe wear about .thé _
caudal peduncle. In the late series of tests, these results were not .
duplicated. Mortalitles among test and control fish were not :
appreciably different. Over the range of test conditions, there

wes no evidence that the sockeye were affected by the rate of press-
ure increase or decrease, magnitude of pressure or duration of ex-
posure to préssure.

In 1959, 60 adult sockeye were exposed to pressure or control con-
ditions then held in a large pen on the spawning grounds. The pen
was lost in a severe storm after the fish had been held approximately
5 weeks.' During this time pressure-treated fish showed a mortality
of 10 per cent compared to O per cent among controls. A'second
series of pressure-treated and control fish were held in a pen in
Sweltzer Creek. Four fish from.each of the two test and control
groups were sampled at weekly intervals to maturity. Clinical
studies indicated somewhat more variation in plasma and muscle
.sodium and potassium, blood hematocrit and musecle dry weight among
test than control fish., Examination of gonadal, adrenal cortical

and pituitary tissues is yet incomplete.

.

Results -

58 ssment ¢ The conditions of fish pressure locks, release of fish at depths
behind a dam could not be dupliceted with' the present apparatus,
Within the test chamber the fish were relatively quiet, possibly
more so under pressure, and showed little propensity to swim up-
ward. This suggests that they may be reluctant to lzave a pressure
lock designed to transport them through the base of a dam. The
extent of injuries or mortalities such locks may inflict on fish is
still uncertain, It is clear from the studies above that a very
extensive experiment will be necessary to provide a statlstlcally
sound answer,

" Reports N : Internal prelimlnary reports 1958 and 1959.
' : - December 1961

:>




INTERNATIONAL FACIFIC SALMON FISHERIES COrMISSION

Sub ject ¢ Pressure Studies on Sockeye Smolts.

Purpose ¢ To understand some of the effects of pressure and pressure
change on downstream migrant sockeye.

Duration : Started 1959, comple%ed 1961.

Location ¢ Temporary Field Station, Cultus Lake, B.C. X

In Charge, : H.H, Harvey, J. Pyper.

Cooperating.

Agencies :

Personnel ¢ Physiologist, engineer, twc assistants - all part time.

Cost : Estimated $10,000. yearly.

Results ¢ Description of apparatus ard methods may be found under D 43.

Pressure per se sltered the behaviour of sockeye smolts. .This
effect was quantified by measurement of pectoral fin movements.
Pressure change produced a variely of effects depending on rate and
magnitude of change, exposure to vacuum conditions, the immediate
history of the fish, etc. OSockeye smolts exposed to rapid pressure
reduction commonly failed to lose expanding swimbladder gas via
the pneumstic duct. Under high vacuum test conditions this was
sometimes accompenied by ruptured swimbladders. This unphysostome-
like behaviour led to an exsmination of both the bladder and the
duct. Histologically the pneumatic duct proved to be a rather
convoluted tubule and ill-adapted to rapid release of gas. The use
of the swimbladder and pneumatic duct by sockeye was also studied
with special attention to autonomic control. "A number of other
pressure~related causes of injury or mortality were studied.
Dissolved nitrogen within sockeye smolts was found to equilibrate
slowly with the nitrogen of the fishes' aquatic environment. As
a consequence of this slow process of equilibration, fish may
become temporarily supersaturated internally. This may result
from fish moving from one water mass to another of lower gas content
or from cold to warmer watsr. Such fish subsequently exposed to
vacuum conditions succumbed to emboli as gas left solution within
the fish. Blood studies showed rapid equilibration of blood and

- water nitrogen. Subtraticn leaves tissue fluid nitrogen as the
slowly equilibrating fraction of dissolved nitrogen and the source
of gas involved in formation of embolisms.

Agsegsment ¢ Pressure changes within turbines may result in a variety of in~-
. juries. These may be immedistely fatel, fatal at a later date or
non-fatal., Of particular importance is the level of dissolved nitro-
gen within the fish passing through the turbines. Also of im-
portence is the extent of infletion of the swimbladder. In all of the
studies the adverse effects increased with increasing vacuum conditions.

Reports ¢ Several Internal. H.H. Harvey and W.S. Hoar. The Sounding Response
of Sockeye Salmon., Manuscript. H.H. Harvey. Analysis of Dissolved
Nitrogen in Fish Blood. Can. J. Zool., 39(6) 1961. H.H. Harvey.
Dissolved Nitrogen as a Tracer of Fish Movement. Manuscript.

December, 1961
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D 48

INTERNATIONAL PACIFIC SALMON FISHERIES COMMISSION

Supersaturation of Hatchery Water Supplies.

Examination of potential. hatchery water supplies with special
reference to dissolved gases.

Started 1961, continuing 1962.
New I.P.S.F.C. Hatchery on Seven Mile Creek, Upper Pitt River. -

He H. Harvey. : o ' .

Physiologist, biologist, technician - all part time.
Estimated $2,000.

Oxygen saturation in Seven Mile Creek varies over the range of

98 to 122 per cent. Saturation in the creek is related directly
to discharge. The calise of this phenomenon was found to be the
nature of stream itgelf., Seven Mile Creek falls precipitously
within a’ deep gorge cut in the Coast Range granodiorite. The
stream is in effect a series of falls and plunge basins., Water
tends to air-equilibrate during free fall, Water passing into

the plunge basins at the bases of the fslls contains considerable
entrained air. A portion of this air enters solution at depth
under the increased hydrostetic head. At higher levels of dis-
charge the depth of the plunge basins increases and the mass of
falling water is greater resulting in more gas being forced into
solution. In the portion of stream studied, smell air-equilibrat-
ing fells were flooded out during higher dlscharges thus enhancing
gas retention in solution.

Treatment of supersaturated water came under study following an
understanding of the cause. Supersaturated water was found to be
surprisingly steble over the renge of 100-120 per cent saturation.
Simple aeration by jetting did not lower saturation below 106 per

~cent. Even this low level of supersaturation resulted in injuries

and mortalities among slevins. A 20 foot tall splash tower has
proved more satlsfactory, reducing water saturation- to very close
to 100 per cent.

Severel Internal. Analytical Methods are Reported in H.H. Harvey,

Can, J. Zool. 39(6), 1961,and H,H. Harvey and S.B. Smith, Can,
Fish, Cult. in press. .

December, 1961
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D 49

INTERNATIONAL PACIFIC SALMON FISHERIES COMMISSION

Artificial Spawning Channel at Seton Creek.

The replacement of natural spawning areas for pink salmon,
lost due to flooding above the power~canal intake dam on
Seton Creek.

Built during 1960-1961l. First spawning in 1961. Will be in
use every second year on the odd year when Fraser River pink
salmon normally return to spawn.

On Seton Creek, near Lillacet, B.C.

Construction = A.G. Cooper. Operation - R. Stewart.

B.C. Electric Company Limited.
Biologist and technician.
To build —‘$A0,000. To operate - $2,000. per year.

The artificial channel is 3,000 feet long. It has a trapezoidal
cross section with a bottom width of 20 feet at the surface of
the gravel. Depth of spawning gravel is 16 inches, which is

a specially-prepared fines~free material varying in size from
4" plus to 4" minus. Maximum flow in the channel is 40 cfs
obtained through 2-20 inch diameter steel siphon pipes from
the adjoining power canal., Rock drop structures provide
spawning sections 100 feet in length (one section’is 900 feet
long). Depth of water is 1.5 feet and mean velocity is 1.2
feet per second. At the confluence of the channel with Seton
Creek, a fence, gate and trap are incorporated for limiting
the ingress and egress of spavmers. OCounting traps may also
be instzlled here to enumerate the production of fry. Approx~
imately 6,700 adult pink salmon voluntarily entered the
artificial channel and spawned successfully in 1961.

As well as replacing natuvral spawning ground, the channel will
serve to assess the survival of eggs in improved-=flow gravel
under controlled-flow corditions. Silting of the spawning
gravel is not anticipated since the water for the project
issues from the outlet end of Seton Lake and is relatively
clean at all times.

December, 1961
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INTERNATIONAL PACIFIC SALMON FISHERIES COMMISSION

Barly Life History of Fraser River Sockeye.

To assess the influence of environmental factors on emergence
end migratory behaviour of fry.

In progress.

~Internatiqnal Pec ific SalmohAFisheries Commission.

. d. Roos.

Biologist.

Estimated %5,000.

A report is being prepared bringing together as much as
possible of the available information on the early fresh

water phase of the life cycle of the various races of Fraser
River sockeye.

In progress.

December, 1561
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D 51

JINTERNATIONAL PACIFIC SALMON FISHERIES COMMISSION

Sockeye_and Pink Salmon Production in Relation to PrOnged Damg
in the Fraser River System.

An overall assessment of the fish-powér problem which would be
crested by a series of proposed dams on the Fraser River.

1959-1960.
International Pacific Salmon Fisheries Commission.

F.J. Andrew and G.H. Geen.

An engineer and a biologist.
Estimated $15,000.

A comprehensive review is presented of available information
concerning methods -of passing adult and juvenile salmon over
dams, the possible effects of environmental changes on pro-
duction of sockeye and pink salmon and methods of artificislly
propagating these species,

The report shows that serious depletion of salmon stocks would
result from dam .construction on the Fraser River, due to in-
adequacy of both upstream and downstream fish passage facilities
at dams, detrimentel environmental changes and migretion delays
and impracticality of artificial propagation as a substitute.

Sockeye and Pink Salmon Froduction in Relation to Proposed Dams

in the Fraser River System by F.J. Andrew and G.H. Geen,
I,P.S.F.C., Bulletin XI, 1960,

December, 1961
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_ Subject. . ¢ Mipgretory Behaviour of Adult Fraser River Sockeye.

Purpose : To analyze variability of migratory behaviour of Fraser River
sockeye races for purposes of fishery regulations.

Durgtion : 1960.

Locetion : International Pacific Salmon Fisheries Commission.

In Charge ¢ P. Gllhousen.

Cooperating

Agencies :

Personnel 4+ Biologist.

Cost : Estimated $4,000.

Resgults ¢ Possible relationship of migratory variability of Adems River and
other sockeye races to moon phase and summer dlscharge in Frasger
River is shown.” '

Agsesgment ¢

Reports ¢ Migratory Behaviour of Adult Frasser River Sockeye, by Philip

Gilhousen. Progress Report, I.P.S.F.C., 1960,

December, 1961
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D 53
INTERNATIONAL PACIFIC SALMON FISHERIES COMMISSION

Fragser River Board.

To study the effects of verious schemes of hydro-electric
development end flood control on the Fraser River.

1960, continuing.
Victoria, B.C.

A,C, Cooper.

Department of Fisheriesg Canada. .
One biologist, one engineer, various numbers of field
assistants. :

Collection of bathythermographs and turbidities during

summer months on Clearwater, Hobson, Gariboo and Quesnel
Lakes. Also continuous sitream temperstures from summer,

1960 to fall, 1961, on Fraser River asbove Prince George,
Quesnel River at Quesnel, North and South Forks of the Quesnel
River and North Thompson River at Kamloops. The period of
migration of sockeye smolts out of Bowron Lake was also
determined.

December, 1961






* UNIVERSITY OF BRITISH COLUMBIA

Subiect : Iemperature Rggigﬁgﬁgg_gf Figh.

Purposea ¢ To understand factors responsible for variable resistance to
extreme temperature. Ourrently the effects of seasonal varia=-
tions in light are being studied.

Duration : Continu'ing' project since 1946.

- Logation

¢ Department of Zoology.

In Charge t Dr. W.S. Hoar.

Cooperating. - » - : _ .

Agencleg . 1 National Research Council and Fishing Companies in‘Va.ncouver.
_ Persornel s G. Beth Robértson. | ' '
- Logh . ¢ About $1,500 per ‘annum since 1950, and lesser amounts prior to
‘ : that time. - » ' '

Regults ‘Demonstrat‘ion of effects 'o'fA _ceftain d;l.e‘ta‘.ry fa,ctor‘s, sex, 'size-

and geasonal light changes on temperature resistance.

Asgpssment ¢

Reports :”Hoar, WeSe Seasonal variations in the resistance of goidﬁsh to
. temperature, Trans. Royal Society of Canade, 49 pp. 25—‘3[,, 1955,

Hoar, W.S. Photoperiodism and thermal resistance of goldfish.
Nature.- August, 1956.

July, 1957.
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UNIVERSITY OF BRITISH COLUMBIA

Beheviour of Migrating Juvenile Pecific Salmon

Subject: :
Purpose : The analysis of the behaviour.
. . .
Durstion ¢ Since 1949 and continuing.
Loecation s U B.C. and Port John F_Leld Statlon of F:Lsheries Reseaxrch Board.
i ‘ of Ganada. ;
In Cherge ¢ Dr. W.S, Hoar.
Cooperating ’ ‘
Agoncles ¢ Fishing Companies in Vancouver and Fisheries Research Board of

Ganada.

Personne ¢ Dr. W.S. Hoar and various greduate ;tudenfs.

Coat ¢ Approximately $1,0001 per annum.
Regult ¢ Detailed descriptions of behaviour of juvenile salmon in fresh
~water and demonstretions of effects of various factors which modify -
these patterns. :
Assessment;
Reports ¢ Series of publications since 1950 in Journsl of Fisheries Research

Board of Canada end the Cenadian Journal of Zoology.

July, 1957.



Subject

Pugpoge

Durakion
Location

in Charge

Gooperating
Agencieg

Assessment

Reports

o0

E3

UNIVERSITY OF BRITISH COLUMBIA

Distribution of Fishes in British Columbis .

To collect, preserve, identify and caﬁalogue the fishes of
British Columbia as a basis for predicting possible effedts
of water use developments.

1954, continuing.
Ingtitute of Figheries, U.B.C.

Dr. C.C. Lindsey.

Fish and Game Branch, National Research Councll, Dr. H.R.
MacMillan grant.

Dr. C.C. Lindsey and associates.

$5000 per annum.

\

Revision of Carl and Clemens "Freshwater Fishes of British
Columbia; many indications of dangers of water diversions to
Selmonoid stocks. .

An important field of investigation, particularly in British
Columbla where fish distribution is irregular.

Lindsay, C.C. _Posaible effects of water diversions on fish dis-
tribution in British Columbia. J. Fish. Res. Bd. Canade, 14(2):
651-6683, 1957.

‘January, 1959.
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E 4
UNIVERSITY OF BRITISH COLUMBIA

Behaviour and Physiology of Juvenile Salmon Entering Salt Water.

To understand the effects of changing environmental salinity
on the behaviour of salmon.

1955, continuing.

Zoology Depertment and Iqstitute of Fisheries.

Dr, W.S. Hoar.

National Research Council and Fishing Companies of British
Columbia. , ’

Graduate students.

$2,500, per annum.

Marked changes in locomotor activity occur for a brief period

(410 hours) after salmon enter sea water. These are being
related to chemicel changee in blood and tissues.

Reepénses of Juvenile Chum, Pink and Coho Salmon to Sharp,
Sea-water Gradients, A.H. Houston. Cen. J. Zool., 35:

'371-383, 1957.

Locomotor Performance of Chum Salmon Fry (Oncorhynchus keta)
during Osmoregulatory Adaption to Sea Water, A.H. Houston.
Can. J. Zool,, 37: 591-~605, 1959.

Osmoregulatory Adaption of Steelhead Trout (Salmo gairdneri
Richardson) to Sea Water, A.H. Houston. OCan. J. Zool.,

37: 729-748, 1959.

Tnfluence of Size upon the Adaption of Steelhead Trout (Salmo
gairdneri) end Chum Selmon (Qncorhynchus kets) to Sea Water,
A.H. Houston, J. Fish, Res. Bd. Can., 18, 3, pp.401-415, 1961.

July, 1957
‘Revised December, 1961
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ES5

UNIVERSITY OF BRITISH COLUMBIA

The Role of the Thyroid Gland in Osmotic Reguletion of Fishes,

To understand mechanisms which permit some figh to survive in
wide range of salinity while others are restricted to fresh or
salt water.

1955 - 1958.
Vancouver Aguarium.

Dr, W.S. Hoar.

National Research Council.
Graduate students.
$2,000. per annum.

Demonstration that variable thyroid activity seems to be corre-
lated to variable salinity resistance in flatfish and that the .
thyroid acts on some phase of metabolism related to excretion
and absorption of chlorides.

The Osmoregulatory Role of the Thyroid Gland in the Starry
Flounder (Platichthys stellatus), C.P. Hickman. Can. J. Zool.,
37: 997-1060, 1959.

The Minimum Dosage of Thiocurea Effectively Inhibiting Thyroxine
Synthesis in the Flounder (Plstichthys stellatus), J. Kinnear.
Can. J. Zool., 38: 917-922, 1960.

A Comparative Study of Iodine Metabolism in Juvenile
Oncorhynchug, J.G. Esles. M. Sec. Thesis, Dept. Zool., Univ,
BI‘it. col., 58 p-, 1961-

July, 1957
‘Revised December, 1961
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UNIVERSITY OF BRITISH COLUMBIA

The Eye of Young Pacific Salmon,

&
o
D
(e}
c+

Purpose ¢ The physiology of the eye in relation to emergence from the
gravel and downstream migretion of Pacifie salmon.

Durstion t 1956~58.

Location ¢ Department of Zoology.

In Charge ¢ Dr, W.S. Hoar.
Cooperating

Agencies  : B.C. Power Corporation Grsnt.

Personnel : M.A. Ald.

Cost : $2,500. ,
Results ¢ Comparison of rates of adaptation of eye to light and darkness at

different stages in development is being correlated with migratory
* behaviour, ‘ '

Aggesgsment H

Reports ¢ Some Observations on the Structure and Photomechanical Responses
. of the Pacific Salmon Retinz, J.R. Brett, and M.A, Ali. J. Fish

Retinal Responses of Pink Salmon associated with its Downstream
Migration, M.A. Ali, and W.S. Hoar, Nature 184: 1C6-107, 1959.

The Ocular Structure, Retinomotor and Photobehavioral Responses
of Juvenile Pacifie Salmon, M.A. Ali. Cen. J. Zool., 37: 965=-
996, 1959. '

The Effect of Temperature ca the Juvenile Sockeye Salmon Retina,
M.A. Ali, Can. J. Zool., 38: 169-171, 1960.

July, 1957
Revised December, 1961
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UNIVERSITY OF BRITISH COLUMBIA

Recent Progresgs in Fish-Power Research.

To .provide a review of recent developments for the benefit of
interested agencies.

1956.

-University of British Columbia.

E.S. Pretious.

E.S. Pretious, G, Contractor; L. Kersey.

$1,500.

Fish Production and Power Development on the Fraser River,
E.S. Pretious, L. Kersey, and G. Contractor, 1957.

, July 1, 1957
-Revised December, 1961
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E8
UNIVERSITY OF BRITISH COLUMBIA

Metabolism_ of F1§h Followl ng Muscular Exerc1§eo

To determine the effects of muscular exercise on blood levels
of lactic acid, hydrogen ion, carbonate and haemoglobin and on .
reserves of carbohydrate (glycogen) in muscle and liver.

1956, continuing.

The Department of Phy91ology, U.B. C., and the Summer]and Trout
Hatchery operated by the Fish and Game Branch at Summerland, B.C.

Dr.  Edgar C. Blsck, Assoa1ate Professor, Physiology Department, U.B.C.

The project is made possible by thé support of National Research Coun-
cil of Canada, the Fish and Game Branch, Department of Physiology of
the U.B.C., and a B.C. Power Gorporation Grant. The physiological
work was carried out in 1956 at the Institute of Fisheries, U.B.C.

Dr. Edgar C. Blacgk, and Arthur Hanullp and 1ing-Gay Chiu, medical
students from U.E.C.

¢3,000. ( summer, 1957).

Work on the carbonate, lactlc acid and hydrOQen ion in blood of
Kamloops trout will be completed in 1957. A beginning has been made
on alterations in glycogen in muscle and liver following vigorous
exercise in spawning and immature Kamloops trout. As might be pre-
dicted from the work of Secondat (1950) in France, on correlated
changes in blood levels of lactic acid, carbonate and pH in the carp
following severe muscular exercise, even greater changes occur in the
Kamloops trout which is a more active fish. Our results show a
positive correlation for:pH, lactic acid, and carbonate changes in
the blood, chsnges which persist for 6 hours for lactic acid, and
up to 24 hours for ‘carbonate, :

The results indicate that the cohsequences of severe muscular exer-
cise in salmonoid fish are not.only of long duration (4~8 hours) but
also that the acid buffering capacity of the fish is markedly reduced.

~These findings may be of use in 1nterpreting fatigue and endurunce

to swimming against sw1ft currents of water,

Hyperactivity as a Lethal Factor in Fish, E.C. Black. J. Fish,
Res. Bd. Canada, 15: 573-586, 1958.

_ Muscular Fatigue and Mortality in Troll-caught Chinook Salmon

(Oncorhynchus tshawytscha), R.R. Parker, and E.C. Black. J. Fish,

Res, Bd. Canada, 16: 95-106, 1959,

Changes in pH, Carbonate and Lactate of the Blood of Yearling ‘
Kamloops Trout (Salmo gairdneri) During and Following Severe Muscular_

et e e Sinateeven st

“Activity, E. C.  Black, Wing-Gay Chiu, Francis D. Forbes, and Arthur

- Hanslip, J. Fish. Res. Bd. Canada, 16: 391-402, 1959.

Fatigue and Mortality in Troll-caught Pacific Selmon (Oncorhynchus),
R.R., Parker, E.C. Black, and P.A. Larkin. J. Fish. Res. Bd. Canada,
16: 429448, 1959. ' g o
Alterations in Glycogen, Glucose and Lactate in Rainbow and Kamloops
Trout (Salmo gairdneri), following Muscular Activity, E.C. Black, A.C.
Robertson; A.R. Hanslip, and Wing-Gay Chiu,. J.Fish.Res. Bd. Canada,
17: 487-500, 1960. '

June 25, 1957
. Revised December, 1961
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Agencies

Personnel

UNIVERSITY OF BRITISH COLUMBIA

Recent Progress in Fish-Power Research..

To provide a review of recent developmentu for the benefit
of interested agencies.

1957.
Universily of British Columbia.

Dr., P.A. Larkin.

Dr. PsiA. Larkin.

%3004

Power Development and Fish Conservation on the Fraser River,
P.A, Larkin. University of B.C. Institute of Fisheries,
40 pp. 1951. ‘ :

The Effects on Fresh Water Fisheries of Man-made Activities
in British Columbisz, P.A. Larkin, and Graduate Students.

 Canadian Fish Culturist 25: 27-59, 1959.

July 1, 1957
Revised December, 1961
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<:> | - ' UNIVERSITY‘OF BRITISH COLUMBIA
Suhject/‘ - s The iﬁvestig&tion of Fish-Pover Problems.
Purp ése : .t To review the nature. of fish-pbwer problems at a smpoéium. ‘

Duration . ¢ April, 1957, -
Location *  University of British Columbia.
" InCharge - : Edited by Dr. P.A. Larkin. -

Cooperating ' . ‘r

Agencies @ Dr, H.R. MacMillan grant.

Personnel = ¢ '

gggﬁ_ »I :+ $3,000.

Regults : ’

Assessment ¢

_ ° Reports : "The Investigation of Fish-Power Problems". H.R. -MacMillan
'CS) - - Lectures in Fisheries, U,B.C. includes papers by Glemena,
b o Vernon, Hourston, Rawson, Neave, Black, Brett, Collins,
Fry and.Hoar. : .
'<:> : o S : B Jenuary, 1959

" Revised December, 1961
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urpose

Duration

- Location

Ch 8

Cooperating
Agencieg

Personnel

Cost

Regults

Assesgment

Reports

UNIVERSITY OF BRITISH COLUMBIA

The Salinity Preferences of Young Salmon.

Understanding of the physiology of migration from fresh to
salt water and vice versa.

Department of Zoology, U.B.C.

Dr.-W.S. Hoar.

National Research Council.
Dr. Berta Baggerman. : .
$11, 000,

Experimentally produced changes in the level of thyroid
hormone will alter preferences of salmon for sea water. It
is possible to induce, in this way, preference for sea water
or fresh water. .

Basic information on role of hormones in migration.

Salinity Preference, Thyroid.Activity and the Seaward
Migration of Four Species of Pacific Salmon (Oncorhynchus),
B, Baggerman. J. Fish. Res, Bd. Canada, 17: 295-322, 1960,

An Experimental Study of Salinity Preference and Releted
Migratory Behaviour of Juvenile Pacific Salmon. J.E.
McInerney. M.SceThesis, Dept. Zoology, Univ. Brit. Col,,
73 P-, 1961. . . : ’

. July, 1957
z . Revised December, 1961
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Subject -

Purpose

Duration
Location
In.Charge

Gooperating
Agencies

g B

ergonnel

UNIVERSITY OF BRITISH COLUMBIA

Passage of Young Fish Through Turbines.

To assess the effects of pressures above and below atmos-
pheric on young salmonoids relative to the problem of fish
mortality in turbines.

1957-=1958.

Hydraulics lsboratory, University of B.C.

Prof, J.F. Muir.

B.C. Pover Corporation grant.

One engineer, one .techhician.

$1, 500.

Preliminary tests show some effects of pressure on'ﬁigrants.
Possibility of new designas for turbines being considered.
Passage of Fish Through'Tﬁrbines, J.F, Muir. Proc. Amer,

Soc. Civil Eng. Vol. 85, No.. POl (1947): 23~46, February,
1959.

. March, 1959
Revised December, 1961
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E 13

UNIVERSITY OF BRITISH COLUMBIA®

Subject : Nature of Odour Perception Mechapisms in Salmon.

Purposge ¢ To assess the types of substances to which salmon .odour
receptors will respond as a potential method for attracting
or gulding salmon.

Duration s 1957, continuing.‘
Location ¢ Department of Zoology, U.B.C.
n Char : Dr. Wolfgang Pfeiffer.
Agencies ¢ B.C. Power Corporation grant.
Pergonnel  : One scientist, one technician.
Cost - : $5,000. estimated.
Resultgs ¢ Experiments in progress; Some success in isolatioﬁ of

olfactory pigments.
Aggessment ¢

'.Reggrts g

‘ January, 1959
Revised December, 1961



Subject

k;i
o

Duration
Location
In Charge

Gooperating
Agencies

Persgonnel

Cost

Results

o

- Asgeggment

Reports

-UNIVERSITY OF BRITISH COLUMBIA

Ac ui tion of Odour Xmprint

Mechay n Yo Salmon.

To assess the possibilities of training young salmon to

respond to odours.
18 months, 1958-1959.
University of B.C.

Dr. W.B., Malcolm,

B.C. Power Corporation grant. -

One scientist.
%5,000. estimated.

Experiments in early staées;

~ March, 1959
Revised December, 1961
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