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ABSTRACT

This report collates available information regarding four
primary factors in the freshwater life history of salmon and trout,
These factors are: water temperature, stream hydraulics, spawning
gravel and juvenile migration. This report also reviews some flow
characteristics and gravel sizes used in enhancement projects in
British Columbia. This report directly cites 133 references while
more than four hundred additional references were also reviewed but
not included in the summary tables. &An annotated bibliography of
many papers is included.

Key words: fisheries habitat parameters; enhancement projects;
bibliography; (water temperature, stream hvdraulics,
spawning and juvenile migratiomn).

- -
RESUME

Le présent rapport réunit l1'information existante sur
guatre principaux facteurs du cyle Evolutif du saumon et de 1la
truite en eau douce: la température de l'eau, l'hydrologie, le
gravier des fraydres et la migration des juvéniles. Il renferme
aussi des renseignements sur les caractéristiques du courant et la
granulométrie du gravier,; employés pour des projets d'aménagement
en Columbie-Britannigque. ©On ¥ cite 133 sources de r&fErence bien
gu'on en ait examiné au deld de 400 autres, gui ne sont cependant
pas présentfes dans les tableaux synoptigues. Le rapport comprend
une bibliographie annotée comportant de nombreux titres.

Mots clés: Paramdtres de 1'habitat du polisson; projets d‘améhagement;
biblicgraphie; tempfrature de l1l'eau; hydrologie; frai;
migration des juv&niles.



INTRODUCTION

In British Columbia, there are growing conflicts over
Wwater resources, not only between the various water users but alse
between water users and the fish and wildlife agencies. Because
of this, theneed to establish instream flow reguirements is becoming
more widely recognized, although, as yvet, there is no such provision
in the Provincial Water Act.

Instream flow reguirements for fish is a topic which is
receiving increasing research attention by resocurce agencies in
Western Canada and the United States. In 1976, the Habitat Protection
Division of Fisheries and Marine Service established a Water Use
Unit to concentrate on water use problems. Hamilton (1978)1 describes
the methodology used by the Water Use Unit to establish fisheries
rescurce maintenance flows for Pacific salmon. This methodology
employs both guantitative and gualitative technigues so that the
maximum use can be made of the biologists' experience and knowledge
even though largely gualitative.

Thig repcrt collates available information regarding four
Primary factors in the freshwater life history of salmon and trout,
and is designed to aid the bioplogist in his contributien to the
determination of fisheries resource maintenance flows. This work
was also receognized as g tool for salmonid enhancement planners to
facilitate retrieval of information on biclogical and hydrelogical
optima and tolerances of a certain species in a given area. Further-
more, sStream inventory data collected by fisheries resource agencies
could be more easily related to fishery resource potential.

The report directly cites 133 references while more than
four hundred additional references were also reviewed but not
included in the summary tables, Most of the avallable information
to 1977 has been covered.

Water Temperaturs

Water temperature is a principal requlator of biclogical
activity in the aguatic environment and is one of the major
determinants in assessing the suitability of a salmonid-producing
stream. Temperature can induce direct mortality or sewverely stress
organisms making them susceptible to predation or disease; influence
the level of dissclved oxygen; control algal blooms; affect growth,
condition and behaviour.

l. Hamilton, R.E. 1978. Fisheries Resource Maintenance flows for
Pacific Salmon MASc thesis University of
British Columbia



Tables 1 to 6 list water temperatures for spawning,
incubation and rearing of salmonids in natural, experimental and
enhanced situations,.

Standard formulae for calculating degree-days (in Fahrenheit

and Celcius) and thermal units (BE.T.U.'s and C.T.U."'s) are shown in
Figure 1 below.

Degree-4ays

D.D. in Celcius = Daily mean water temperature in i -
from date of fertilization
Op -

D.D. in Fahrenheit = E :Daily mean water temperature in
from date of fertilization

Thermal Units (in Kcal):

B.T.U. = (°F) » (no. of days) x (.252)

C.T.0. = (BLT.UY) X (3.97 % 16" ™%

325

Flognre L. Standard calculations for determining degree-days and
thermal units.

Stream Hydraulic

The importance of stream hydraulics to the understanding
of stream ecosystems and development of flow recommendations for
maintenance of aguatic life is obwvious. The stream characteristics:
water depth, velocity and width, channel shape, gradient, and bed
roughness strongly affect the aguatic biota of a stream. Data of
this kind is extremely important to the determination of instream
flow needs of fish and invertebrate communities.

Tables 7 to 12 list water depth, wvelocity, gradient and
discharge for the wvarious life history phases. It is important to
recognize that the data available for depth and velocity may be
biased towards low flow situations since reduced flow is often the
reason these studies have been initiated.

Spawning Gravel

Stream substrate is fundamentally important to the production

of salmonids since high mortality rates often occur during egg and
alevin subgravel development. Various researchers have examined
redd and gravel characteristics and their findings are summarized in
Tables 13 to 18.




Spawning gravel size and particle size variation is
related to such factors as the guality of intragravel flows,
predation and alevin support and movement. Gravel is usually
determined by the percentage, by weight, of substrate passing
through a sieve of a certain size. For this reason, the tables
are given in both inches and centimeters as the value of their
mathematical conversion is doubtful.

Depth of eggs in the gravel is also noted; however, this
factor is extremely wvariable and the depths cited refer to depths
of the majority of eggs. Some eggs may even be scattered on the
gravel surface.

Ho mention is made of the size of fish or eggs in determining
preferred gravel size - this is probably a relevant point but for the
present will have to be confined to species generalizations (e.g.
chincoks, pinks).

Downstream Migration

Downstream migration usually takes place in the late spring
or early summer and is often promoted by high freshet flows. Although
flows are seldom a problem, during this phase, the migration pattern
can be critical. Available information regarding migration behaviour
can be used as a guide in the design and situation of wvarious water
use structures. The seasonal and diurnal timing as well as horizontal
and vertical distribution of fish is summarized in Tables 19 to 24.

Enhancement Facilities

Flow characteristics of spawning channels in British
Columbia are compared in Table 25. These flows were considered
favourable for each species and location so that each facility is
unigue. Varying degrees of success may be attributed to many factors
including different degrees of flow controcl, temperature, or siltation.

Table 26 summarizes gravel incubation box projects from
Bams and Simpson (1977}). The gravel sizes used in these projects
were determined through site and species (and thus egg size)
recommendations as well as technical availability. Each project
may have round, crushed or mixed gravel or even gravel substitutes
(e.g. "Astroturf"); however, this factor is still relatively
experimental and is not included here. The egg depth parameter is
also excluded as under these conditions eggs may be planted a meter
or more deep.



Table 1. Literature sumnary of temperature ranges associated with spawning, incubation and rearing of sockeye salmon.

Reference Bysaten Spawning in °C Incubation in %c Rearing in °C Comments
Range [(Limite) Range (Limits) Degree-days Range (Limits)
to _emergance

Burrows, 19631 Experiment re: T.2=12.8 {22.12 5.8=12.8 After spawning, 50% mortality at
water temperatura max.} (1.7 min.) 35%F; After li6-cell stage, low
requiremants mortality.

Hunter, 1948, Hook Hose Ck. 1305-2880 Back-calculated from peak spawning

1949 [central coast 1337-2995 and emergence dates and Burrows,
B.C.) 1963 temperature regquirements.

Anon, 1974 Chilko R. (north BT6=2714 =
interior (B.C.]

Anon, 1954 Okanagan K. {B.3-17.6) 1056=2275 :;

(south interior
B.C.}

Anon, 1954 Wenatchea R. 6.1-13.8 0=12.7 During fry migration.
(Waegh.}

Withler, 1952 5ix Hile Ck. 1317-2906 Back-calculated from Burrows,
(north interior 1963, as above.

B.C.)

Hartman &t al, Ugashik Lk. (Alaska) 3.3=7.2 During smolt migratlon. Temp-

1967 Alegnagik LK. 4.4=9.4 érature surges could increase or
[(Alaska} decrease number of smolts
Kitoi Lk. (Alaska) 4.4-12.8 migrating.

Cultus Lk. {south 4.4-9.4
coast B.C.)

Chilko Lk. {north 3.3=10.0
intearior B.C.)

Bjornn et al, Redfish Lk. 3.3-10.0 Peak during kokanee juvenile

1968 [Idaho} migration.

Groot, 1972 Babine Lk. {norcth 10-15 During smolt migration.
interior B.C.)

Acara & Smith, Meadow Ck. {(south 7.2-8.1 During kokanee fry liqutinn.

1971 interior B.C.)

Withler, 1951 Babine Lk. 7.7=9.2 buring smolt migration.

{7-14]

Baobartson, Port John area Mean 7.9 -

1949 streams [(central {4-11}
coast B.C.)

Foerster, Sweltzer Ck. Mean 10.6 During fry migration.

1934 (Bouth coast B.C.) [5=-20)

Ferguson, 1958 Cultus Lk. 14.5 -

Shelbourn Babling Lk. stock 18 Optimum growth.

et al, 1973

Brett 2t al, Experiment re: 15 (5-1T) Physiological optimum for food

1963 optimam rearing conversion and growth.
temperature

Brett, 1951 Experiment re: 12=-113 During fry migration.
Eemperature tolerance [6.7=24.4)

Denaldscon & Skaha Lk, (south 11.7=-16.7 Improved growth rate and food

Foster, 194] interior B.C.) {25.6 max.) utklizaction.



Table 1. Liverature summary of temperature ranges associated with spawning, incubation and rearing of sockeye salmon, cant.

Beforance Zystem Spawning in 9c Incubatien in ®¢ Rearing imn %o Comments
Range (Limits) Range {Limits Degree-days Range (Limles)

to emsrgance

Black, 1953 Summerland Hatchery 22 Kokanee acclimated to 11%C.
[Bouth Ilnterior
B.C.})

Brektt, 1956 Experiment rTo: (2. 3=23.6 3.1-24.8
temperature MaX. ]
requirements

Anan., 1273 Okanagan R. (south 10.5-12.5 {.4-14.5) Hatching limites: 4.5-11.3°C,
interior B.C.) hdult migration ranges over 7.5-
. 15.8%C. Uppers limit is 21.2%c.

Chambers, 1955 Hatural spawning B.3-12.8
areas in Wash. [mean 11.1)
Mains & Smith, Snake R. (Wash.} 4.4-15.4 During smolt migration.
1956 Columbia R.
[Wash .}
Burner, 1951 Dhkanagan R. 6.3-8.9
Wenatchea R. 12.2=2.8
Little Wenatchee R. 8.9-10.6
White R. 6.7T=9.4

[all in Wash.)

Foerster, 1937 Cultus Lk. {(south Surface lake temp. 4.4=-5.0 - Threshold for smolt migratien,
coagk B.C.) = 10 = Emolts risa to surface.
" L3 - Gmolt migration decreased.
= l4.4=-20.1 - Migration ends - smolts with-

draw to deeper waters,



Table 2. Literature summary of temperature ranges associated with spawning, incubation and rearing of chinook salmon.
Reference Systen Eiﬁwniq in °c Incubation in 2¢ Hznrini in °C Comments
Range (Limits) Range (Limits) Degree-days Range [(Limits)
Lo eReaEgenae
Raimers & Columbia R. 5.8-14.2 L050-2570 487 degrae-days to hatching (fall
Loeffal, 1967 tributaries (Wash.) racae) . A=
Slater, 1963 Sacramento R. 10.0-13.9 10-13.9 1053-1481 502-719 degree-days to hatching.
[cal.l 111.1-22.8 {13.6=17.4
max.) max.]
Combs & Entiat RJ (Wash.) S5.8=14.0 5.8=-14.2 Constant-temperature experiments.
Burrows, 1957 Skagit R [4.4-15.6) (d.4=5.8 min.)
Imaan 8&.5) (14.2-15.6 max.)
Bhelton, 1955 Little Whitae 1282 Degree-days to eyed: 392, to
Salmon R. Hatchery hatching: 538,
(Wash.)
Anon., 1974 Homathkos R, and Lk. 1763-4317 Back=calculated from Comba &
(Bouth ccast B.C.] Burrows, 1957, temperature
Chilko R. and Lk. BT6=3010 raguirements for normal develop-
{north interior B.C.) mént.
Chilcotin R. [(north 1230-234581
interior B.C.)
Johnson & Dorena Dam {Wash.) T7.2-16.7 222 {to eyeing Fall race A dalily mean
Brice, 1953 3.3=12.2 BE=317 L Fall race temperature of
mean 18,3 ill L Spring race 15.6 during
maan 12.2 243 L Spring race incubatlion
7.2=12.8 i0z2-3158 * Spring race produces excess
mortality.
Qlson & Priest Rapids (Wash.} 5.6 1058 High initial incubation temp-=-
Faster, 1955 7.8 1037 eratures also assoclated with high
a.9 907 fry mortality.
10.0 8BS0
12.2 BS54
Burrows, 1963 Exporiment re: (4.4 min.) 5.8-14.2 10.0=15.6 Summer race.
temperature {1.7 min.}
requiremnents
Chambers, 1955 Hatural spawnlng 5.0=-13.3 Fall race {(decreasing temperature].
areas (Waeh.) (mean 10.0} Spring race [(lncreasing temp-
d4.4-12.8 erature) .
(mean 12.2]
Burnar, 1951 Entiak R. 4.4-12.8 Summer Eace.
Wenatchee R, 12.8-16.7 Summer race.
White R. 8.3=10.6 Summer raca.
Kalama R. Wash, 11.1-1&.1 Fall racae.
Toutle R. S5.6=14.4 Fall racs.
Ohanapecosh R 10.6=11.7 Spring race.
Hason Ck. B.3-11.1 Spring race.
Brett, 1956 Experiment re: {.8=25.1) buring fry stage.
tharmal
requirements
Brett, 1951 Elxpnrilant E@c 12=13 Fry acclimatized to temperatures
temperature [T 4=25. 1) between 10 and 20.
tolerance
Mains & Bmith, Columbia R. (Waeh.) 4.4-15.6 During smolt migration.
1956 Snake R. ([Ore.)
Raymond, 1968 Columbia R. (Wash.) 10-13 DBuring smolt migraction.

Snake H. (Ore.)



Table 2. Literature summary of temperature ranges assoclated with spawning, incubationm and rearing of chinocok salmon, cont.
e

Reference Syaten Spawning in %c Incubation in °C Bearing in ©C Comments
Range (Limits) Range [(Limits) Degree=-days Range [Limits)
Lo emergence
Beimers, 1973 Sixes R. [Ore.) During emolt migration.
- tributariecs 13=20
- malnetam 17=27
Wales & Coots, Klamath R. {(Cal.) 3.9-11.1 3.8-11.1
1954
Lister & Big Qualicum E. 4-15 During study.
Genoe, 1970 [BE. Vancouwver Is.)
Honan et al, Snake R. (Wash.) 7.8-15.6 During smolt migration.
1969
Staln et al, Sixes R. 8 (mean) 13.5=-29 Summar.
1972 = tributaries
Bjoran, 1971 Lemhi R. {Idaha) - 8.3-17.3 During smolt migration.
Big Springs Ck. 13.3=22.3
(Idaho]
Ferguson, 1958 Experiment re: 11.% From Bratt, 1951.
preferred temp=
erature and
distribution
Olson & Columbia RE. {(Wash.) 5.6=18.1 {18.4 max.) 2.2=13.59
Foster, 1955
Maltson, 1947, Willamette H. G.1=18.1 Spring race.
1948 ioEa.)
Reingold, 1968 Rapid R.](Idahe) [.6=10.0} Prespawning temperatures for
Snake K. 2.8=21.1 viable eggs. i
Banks et al, Experimant re: 15.6 optimum growth if disease absent.
1971 effects of rearing
tamparature
Higgins, 1970 Benson R. 6.1 During peak spawning.
Link R. Ta2=15.0
Marble R. B.3

[H.W. Vancouver Is.)



Table 1., Literature summary of temperature ranges associated with spawning, incubation and rearing of pink salmon.

Refarance Eystem Spawning im ®C Incubation in 2C Rearing in 9C Comments
Range (Limita) Range (Limits) Degres-days Range (Limite)
to gmergence
Bams, 19732 Teolum R. 4.7 960 Gravel Incubator. Eggs planted at
{E. Vancouver Is.] 149, emergence at 1%,
Walker & Cheakamus R. 4.8 B70 Egqgs removed from redds and trans-
Lister, 1971 {Eouth coast B.C.) planted to Big Qualicuem R. (E.
Cheakamus R. T.4 13io vancouver Is.).
transplanted
Bear R. {(south 5.7 1100
coast B.C.)
Bear R. transaplanted 6.3 1183 =
)
Pritchard, HoClintoek Ck . 6.1 1353 In this study, air temperatures
1944 {Quean Charlotta 4.4 1079 were used to derlve water temp-
Is.) 5.0 1220 eratures and degree-days.
5.0 1155
7.8 1771
T.8 1615
Ferguson, 1958 Experiment 11.7 From Bratkt, 19%51.
Brett, 1951 Experiment 17.7
123.9 max.)
Burrows, 1963 Experiment {3.3 min.) From Yernon, 1958.
Hunter, 1959 Hook Hose Ck. 2-16 Q=14
[eentral coaet imean 12}
B.C.}
Heard, 1972 Lovers Cove Ck. 6.1l=7.8
[Alaskal
Experimant
Heil, 1968 Sashin Ck. 11-12 Poor survival to fry atage occurs
(Alaska) (prefarred) with late spawners having low
infitial incubation temporatures.
Heave, 1955 Datlamen Ck. 4.3-5.2 6in of pink fry caught were in

[Queen Chariottae

Is.)

watar of this temparature.



Table 4. Literatyuyre summary of temperature ranges associated with spawning, incubation and rearing of coho salmon.

Reference Sysatem Spawning in °C Incubation in 9C Bearing in °C Comments
Range (Limlies} Ranga (Limits) Dagres=days Range (Limits)
L0 amergence
r .
Shapovalav & Big Creek Hatchery 8.9 427 teo hatching To emergence, coho require fewer
Berrain, 1939 {Cal.} 9.4 €319 to emergent degree-days than pink, sockeye or
chinook.
Brett et al, Experiment rfe: 20 Optimum cruising speed for cocho -
1958 effect of sockeye L1850,
temparature on
cruising speed
Mason & Experiment rae: B.1-14.4 Artificial stream channels.
Chapman, 1965 early behavioural
ecology
Chapman, 1965 Deer Ck. {(Ore.) T.2=8.6 Tud=13.2 = Dpuring fry rearing.
8.1-95.1 - During emergence .
«3=7.0 = Winter rearing - fish in peools.
Egmner, 1952 Sand Ck., {Dre.) 5.3=10.4 5.1=-14.%6- During smolt migration.
6.7-9.9
Higgins, 1970 Upper Benson R. G.1=6.7
Link R. T.2=8.1
Marble R. 8.3
[H.W. Vancouver Is.)
Brett, 1956 Experiment re: [.2=25.0) Lethal limits determined after low
thermal and high acclimations at 59 and
requirements 2090,
Brett, 1951 Experiment ra: [6.4=25.0]) ;
temperature
tolerance
Hartman, 1965 Experiment re; «a3=T7.2
early behavioural
ecology
Monan et al, Enake R. (Wash.) 7.8=15.6 During smolt migration, abowve
1969 (mean 11.4}) Brownlee reservoir.
Stein et al, Eixes R, {(Ore.} Coho fry prefer coocler tributaries
1972 - tributaries 8 [mean) 13,.5=21 Eoc warmer mainstem tlﬂ—zﬂaj.
Lister & Big Qualicum R. 4.0=12.8 Fry rearing.
Genoe, 1970 (E. Vancouver Is.)
Burner, 1951 Toutle R. {(Wash.) S5.6=14.4
Chambers, 1955 Watural spawning 4.4-10.6
areas (Wash.)
Columbia R.
Pack, 19270 Lk. Superior 9
tributaries [(Ont.]
Griffiths & Experimant ra: 5-17 Optimum food conversion.
Alderdice, tamperature and 17=20 Maximum growth [(satiated).
1972 swimming speed 5-14 Early spring.
11-14 Early summer,
1d4=17 Late sSummer.
3-8 Late winter.
pill & Experiment re: G.5=10.9 Agquaria.
Horthoote, environmental
latob variables and

incubation-emergence

D1




spawning, incubation and rearing of cohe salmon, cont.

Table 4. Literature summary of temperature ranges associated with
—
Befercnce System SE&MninE in Pc Incubation in nc R:nring in 2¢ Comments
Range {Limits} ERange (Limits) Degree-days Range [(Limits)
to emergence

Shapovalov &

Berrain,

19139

Big Creek Hatchery
(Cal.}
Experiment

9.0

1T



Table 5. Literature pummary ©f temperature ranges associated with spawning,

Eeference

System

Spawning in oC

Ingubation in “C

Degres-daye
Lo emcrgonce

Rearing in %c
Bange (Limits}

incubation and rearing of chum salmon.

Comments

Hunter, 1959

Sygmner, 1952

Ehelbourn &
Shirahata,
1963

Burner, 1951

Bratt, 1951

Brett, 1956

Ferguson, 1958

Hook Hosa Chk.

leentral coast B.C.)

Band Ck. (Ore.]}

Lower Columbia R.
tributaries (Wash.}

Experiment re:
Eemperaturs
tolerance

Experiment re:
thermal
reguirements

5.1-14.6
G.7-14.6
14=16
L2=13
(7.3-23.8)

ol E=2 T
14.1

Annual range 0=149,
Study year.
1947-49 mean.

Preferance .

Hatural apawning.

After acclimation to lower and
upper limits of 10% ana 209.

Preferred, from Brett, 1951,



Table &.

Reference

Literature summary of

System Spawning in 9cC
Range (Limits)

cemperature ranges assoclated with

Incubation
Fange {(Limits)

spawning, incubatien and rearing of steelhead/rainbew kroukt.

(=]

in %¢ Rearing in %c Commen ts
Degrea=-days Range (Limita)
to emergence

Codge &

HacCrimmon,

1971

Embody, 1934

Garaide, 1966

Fargqusaon,

Reingold,

1956

1966

Summer, 1952

Hartman, 1265

Bjornm, 19

Black, 195

Withler, 1

Horthcote,
1969

7

k|

G966

Alexander &

HacCrimmon
1974

Stauffar,
Javaid &
Andersan,
1967
HeCaulay &
Pond, 1971

HoColley ,

1372

1913

Bothwell's CK. «3=10
Hatchery {(Ont.) (peak at 6=8)

Hatchery-teats

Experiment re:
oxygen, temp-
erature and

enbryoe devel=

apment

Hidsummer,

preferred

Rapid R. [{Idaha) 6=10.2
Snake E. 3.3=20.9

Hatcheries

Sand Ck. {Ore.]) 5,4-9.9

Experiment re:
early behavicural
acology

Leémhi R. (Dre.)
Big Springs Ck.
(Ore.}

Eummerland Hatchary
(south interier B.C.)

B.C, streams
U.5.A. streams

Lardeau R. (south
interior B.C.)

m
Loon Lk. ([(south
coast B.C.)

Bothwell's Ck. (Ont.)

Black R. {Ont.}

ontaria,
Hatchery

Expariment rer
temperature
selection

Paul Ck. {south 4.2=10.0
interior B.C.1 [3.8-10+)

«3=2.0

{278 hatch;
natural
incubation]

5-7 [(50% hatch;
artificial
incubation}

3,3=15.%
2,58

15
17.5

16=134 {to Rainbow trout = natural apawning.
ayeing)
33-220 (to
hatchingl
I05-472 (to
hatching)
32€-2T7T9 [to Rainbow trout.
hatching)
265 Bainbow minimum mortality at 9=
330 | to hatching 169C, Low 0; retards development.
315
13.6 From Garsfide & Tait, 1958.
Steelhead.

Steelhead held in water colder
than their natural streams have
inviable eggs and high prespawning

mortalley.
&.7-14.6 During smolt migration.
11.3-12.8
i y=T.2 Steslhead.
16.3 During peak smolt migrations of
21.7 Aga 2 steslhead.
{24 max.} Eamloops trout after acclimation
ta 119,
B-15.6 Staelhead
4.4=-21.1
£11.7 Rainbow downstream migration.
*12.0 RBainbow upstream migration.
£14.0 Rainbow downstream migration.
8-18 Rainbow, emigration, mostly Age 1.
T=17 »

20 (22 max.) Rainbow acclimatized to 209, in-
horizontal temperature gradient,

16.4 Ralnbow, preferred means In
17-20 temperature gradients, during
firet 1.5 hrs.

Rainbaow.

ET



Table €. Literature summary of temperaturez ranges

Beference

Sysatem

Spawning in %C Incubation in ©C Raaring in ®c

Hange [(Limits) Range ([Limits)} Degree-days Range [(Limits)
to emergence

associated with spawning, incubation and rearing of steselhead/rainbow trout,

cant.

Comments

Embody, 1934

Hooper, 1973

Orcutt =t al,
1963

Coble, 1961

Hatchery tests

California straams
= low level

- 1,000 m. elav,

Clearwater R. {Qrwa.)
Salmon R. (Ore.)

Heedle Branch E.
(Ore.)

9-16
13.2=15.5)

Tu2=13.3
[(mean L1.1)
2.2-8.3

2,2-8.3

2.6-10.0

Rainbow - praferred lacubation
temparature with minimum morta-
1ity.

Stealhaad, preferred natural
sBpawning.

Steelhead.

Staclhead.

FT



Tabkle 7. Literature summary of stream depths,

yelocities,

gradients and discharges of sockeye salmon Epawning streams.

Reference Systam Dapth (m) Valocikty Gradient Discharge Commenta
fgpsa - mps {Percent) cfs oms
Anon., 1973 Okanagan R. {south L20- .48 LE=-2.58 - I R - 300-450 8.5-12.7 Spawning.
intarior B.C.) [near bottom) 350-550 10.5-16.5 Spawning .
175=1000 5.3=30.0 Incubation.
min, 175 5.3 Fry migration.
hocAara & Smith, Meadow Ck. {scuth «3=1.13 3-5 ~94=1.52 64=511 1.68=14.5 Kokanea fry migra-
1971 interior B.C.) fat mid-depth) tlion.
Anen., 1954 Okanagan H. dE=.61 1.5=2.0 A6=-.61
inear bottom)
Deligle, 1962 Below Bucks Lk. SAE=.61 1.50=2,15 ~A6=.6T 100 2.8 Kokanes apawning.
dam {Cal.] E = .52 X = 1.88 x = .56
[near bottom)
Kerns & T1iama 1Lk, =i 26 B-46 .8 Lake spawnlng.
Donaldson, 1968 (Alaskan)
Hoopes, 1972 3 Rivers near «15=,32 1.3=2.3 39-.T0 s36=1,. 45 8.9=15.7 .25=.44d
Brooks Lk. (Alaska) X = .24 x = 1.8 X = .48 E= 1.2 ® = .32
Burner, 1951 White R. OB=,94 1=1.8 «30=,55
= %= .23 X = 1.6 = .49
Little Wenatches R. .05-.61 1-1.9 .30-.58
" 2= .3 = 1.7 ® = .52
Wenatchee ER. «13=,71 1.7-2.0 52-.61
i - ® o= .33 X=1.8 X = .58
Okanagan E. «10= .36 1.5-2.0 A6= .61
" ® o= .23 = 1.7 % = .52
{all in Wash.}
Chambers, 1955 Hatural Rivers, «23= .69 1.25=2.50 -38=.T768 Hatural spawning.
Wash . 3=, 45 1.78 «+ 53 Becommanded.
ANORf., 1974 Taseko Lk. outlat 1660 46.9 Spawning.
L] 3 450 12.7 Incubation.
Chilke Lk. outlek 3100 B87.7 Spawning.
n Lt T05 in.o Incubation.
L - 1290 36,5 Smolt migration,
{interior B.C.}
Brett, 1945 Lakelse Lk. outlet 1.22 37 <11 Smolt migration.
{north cocast B.C.]
Hartman =t al, Hidden ©Ck. {(Alaska) .3 10=-20 «28-.57 Fry migration.

1962

Smith, 1973

Oregon Game Comnm,.
Emith recom.

SO061limin.)
LOB{min.}

«469=2,39]1 .143-,729

+49-2.39 15=.T73

Kokanaa,
Eckanes .

ST



Table B. Literature summary of stream depths,

vealocities,

gradients

and discharges of chinook salmon spawning streams.

Referonce Eysten Depth (m) Velocity Gradient Discharge Comments
.x fps .mps {Percant) cfs EmE.
Bjoran, 1971 Lemki R, {(Idahal -3=.17 120-177 3.4-5.0 Rearing,
{.61 max.)
Big Springs Ck. «79=.82 2B=35 8=1.0 Bearing.
{Idaho) (.85 max.)
Lister Rk Genoe, Big Qualicum R. GBl=.98 «=3=1.9 ~09=,58 2.01 2.8 RBearing.
19 70 {E. Vancouver Is.) ¥ = .70 E = 1,1 = o= 40
1.0-2.2 . 30=-.67 2.01 2.8 Rearing.
R = 1.5 T = .46
«61=,95 l.0=-2.4 -30-,171 2.01 2,8 Rearing.
R = .85 T = 1.8 "= .58
o B=1.60 w2d=.49 2.01 2.8 Rearing.
T ow 1.3 X = .40
Hamilton, 1974 Deadman H. a0 «57
[interior B.C.) 12=20 o Xd=,57 Incubation.
15-60 42-1.70 Rearing.
an .B5 Emigration.
Lister & Walker, Big Qualicum K, + 6 20-1040 L57-29.43
1966 Big Qualicum K. E=21, K=17.78
B.g.R.{controlled flow] 46-T10 1.30=-20.09
B.Q.R. [controlled flow) X = 305 = 8,63
Horne LK. ‘ r 40-250 1.13-7.08 Spawning.
125-750 3.54-21.24 Incubation.
40=T750 1.13=21.24 Rearing.
Chambers, 1955 Hatural Rivers 18- .69 1.50=2.50 o= 16 Spring chinook.
Recommended ~lE=.51 1.75=2.1215 »533=.69 X o
Columbia R. Wash 1.2-2.0 2.75-3.75 .B4-1.14 Fall chinook.
Columbia R. " . 38=.69 1.00=1.75 «30=.53 " "
tributaries
Recommended -30-.53 1.00-2.25 - 30- 69 " ol
Burner, 1951 Chanapecosh Ck 05=,91 Spring chinook.
(X = .36)
Mason Ck., ~0%=,91 «5=3,9 +15=1.07 s i
= .38 = 2.0 = .61
Entiat R. JOB=. 46 1.0=-2.0 «3=.61 Summeér chinook.
= .22 E = 1.5 E= 4B
Wonatches R, aah. .l8-.66 1.0-3.0 - 3=-.91 L4 -
X = ,d1 X = 2.0 E = .61
White R, « 1= 7B 1.4=2.0 A43-.61 L s
= .33 = 1.7 X = .52
Kalama H. « 15=. 41 1.0=3.5 «30=1.07 Fall chinook.
¥a= .25 X = 2,0 x = &1
Tautle R. 08~ .61 1.0-3.0 - 30-.91 - i,
= .3 == 1.3 - .40
Monan &t al, Snake R. {(Idaho) x = i FT719-49,723 275=1407 Smolt migration
1969 ¥ = 24,031 ¥ = &80
Wood, 1966 Big Qualicum R. .46 2.1 B4

9T



Table 8, Literature summary of stream depths, velocities, gradients and discharges of chinogk. salmon spawning streams, cont.
—
RBeference Epecies Syatam Depth [m) Velociby Gradiene :[:lia-.-.harge Comments
fps mps [Percent) cis cms
Bhelton & Chinosk Abernathy Ck. X = B 2.44 Incubation channel
Follock, iWash.) {1959-60) .
1966
Everest Chinook ' Crooked Fork Ck.? .6-.7% o=.5 0=1.5(bottom) Preferred condition.
et al, L b -5=1.0 «15=. 3 [surface
1872 Johnaon Ck. al5=.45 d=1.0 0=, 131 [bottam) low Rearing.
- daho 0=-1.5 O- . 45 (surface
" -15=.45 =5 O=,15 [bottom)
- 0-2.0 O-.6 [surface) |"E9OP B
Bmith, Spring * From Table of -183 - T1i=2.11 «217=.644
1973 Oregon
Fall - Game Commission 305 JE1-2.64 .la6-,80% Minimum depth.
Spring " From Sams and +183 -Bl-2.08 -247=.625
Fall = Fearson, 1963. «183 1.10=2.48 «3136=,756 i
Spring " From Chambere et .3Bl=.686 1.50=2.50 -458=_.761
al, 1955
i iColumbia R.] -220-1.983 2.75-2.7% .B39-1.144
Ealema and
) Cowaman Rivers . «3Bl=.6Ga6 1.00=%.75 «305=.534
Spring ® Recommended by .18 69-2.10 L21-.84 Hinimam depth.
Fall i Emith for Oregon .24 98=-2.49 - 30=. 76
stocks .
'
Wales Pall Ck. (Cal.) 4=5 1.2=1.5 3.13 32-198 91l=-8.43 Ganearal stream
and 15=-78 .98=2.21 characteristics.
Coote, 35=184 98=5.21 Incubatlien.
1954 40-184 1.13=5.21 Emigration.
Raymond, Columbia R. 150,124 4,248 Emigration.
1968 {low flaow)
Columbia R. 300,213 8,495 bl
(moderate flow)
Snake R. 50,041 1,416 L
{low flow]
Snake H. 80,045 2,268 -
{moderate flow)
{Wwash .}
Maing & Snake R. (Wash.) 70, 000+ 1980+ Emigration.
Smith, {central ferry)
1a5&
Shelton, Little White 1.2 03 25-33% emergencea.
1985 Balmon SEn. 1.2 03 89-A8% emergence.
{Wash.) 1.2=9.7 =227 95-98% hatching.
{during incubation}
Flatts, South Fork .22 5.8 Rearing.
1974 Ealmon R, and [Mean of 12.)

tributaries
{Idahal

LT



Table 9. Literature summary of atream depths, wveloclities, gradients and discharges of pink salmon spawning streams.

Relerence System Depth (m) Velocity Gradient Discharge Comments
fps mp s (Percent) afs =5, 11
Bams, 1970 Hook Hose Ck. 032 5.4 x 1U_4 Incubation box.
leantral coast B.C.)
Bourston & Jones Ck. 231=.48 1.5-2.4 «532=.73 -8 25=30 -71-.85 Spawn preference
MacKinmon, 1956 spawning channel = .39 T=1.9 - 58 -5 -42 {discharge during
{south coast B.C.] ilneubation) .
Wickett, 1952 Hile Ck. -05-.08
(E. Yancouver Is.}
HeHedil, 1968 BEashin Ck. [Alaska) v 1=F 35-106 i=3 Low gradient pre=-
ferred.
Heard, 1972 Lovers Cove Ck. 21=.3 «T=1.1 a2 l=. 34
(hlaska)
Walker & Lister, Qualicum R. X = 60 1.7 Incubation channel.
1971 [E. Vancouver Ia.)
Bams, 1972 Tsolum R. ol L4 x 107% Incubation box.
(E. Vancouver Is.]
Anon., 1973 Alouette R. »50 1.4
[{south coast B.C.]
Hunter, 1959 Hook Hose Ck. lo=a00 «2B-16 .8 puring entry of

50% of apawners.

81



Table 10.

Refarence

System

Wood, 1966

Lister &
Walker, 1966

Monan et al,
1969

Hamilton, 1974

Chambers, 195%

Burner, 1951

Sumner, 1952

Lister E Genoe,
1970

Pack, 1370

Chapman, 1965

Mason &
Chapman, 1965

Shapovalov &
Berraln, 1939

Big Qualicum R.
(E. Vancouver Is.)}

Eig Qualicum River
Big Qualicum River

Literature sunmary of stream depths, velocities, gradients and discharges of coho salmon spawning streams.
Wik 2 R T

B.Q.R. (controlled flow)

Horne Lk. ("

Snake R. {(Idahol

Deadman H.
linterior B.C.]

Washington Riwvers
Toutle R. [(Waeh.}
Sand Ck. ([Ore.)}

Big Qualicum R.
channals

Th. Superior
tributaries

Deer Ck. (Ore.)

Expariment

Big Ck. State
Hatchery (Cal.]

Dill & Wertheote,Experiment

19700

Smith, 1973

From Table of Ore.
Game Commisgion

Samg & Fearson,l1963
Chambers et al,195%

Recommended by Smith

Depith (m) Velocity Gradient Discharge Comments
[pﬂ mps [(Percent) cfa CRE
.da -1 8T
20-1040 BT=-29.43 1959=63.
® = 225 T.78 1961-63.
46-710 1.3=20.09 1964-65 .
1 150-250 4. 2=7.1 Adult migratiom.
125=750 3.5=21.2 Spawning.
125-400 3.5-11.1 Incubatlion,
40=750 l.1-21.2 Rearing.
40=400 1.1=11.3 Smolt migration.
4+ 275=-1407 7.8-39.8 Smolt migratien.
X = GAD 19.2
15-20 «42-.57 Spawning.
12=15 - J4-.42 Incubation.
12=60 « 34=1.70 Bearing.
20-80 L5T=-1.70 Smolt migration.
« 3= .46 «25=2.00 DB=.61 Recommended.
«3=. 38 l1.20-1.80 «37-.58 L
« 5= .66
.1
2.2=400 -06-11.3 Spawnlng migration.
€400 <11.3 Smolt migration.
« 30=. 88 0-1.51 0-.46 201 5.7 Rearing.
¥ = .64 ¥ = .69 x= .21
«43=.85 «20=.79 O06E=.24 201 5.7 Rearing.
T = .61 = 39 X = .12
- Q-1.90 0-.58 201 5.7 Rearing.
== X =.17 T = .24
«El=.91 T9=1.61 24-.409 201 5.7 Rearing.
= = .88 T = 1.31 T = .40
T = .15=-.55 3.,5=585.3 .1=1.0
la=-57 -54-1.61 Adult migration.
19-45.6 <5d4-1.29 Spawning.
1=-57 «03-1.51 Inoubation.
12.8=45.6 .36=1.29 Eearing.
X = .B=.9 £24=.27 .45 .01 Rearing.

.02%
3.4 2 107 1.03 % 1077
1.3 % 1073 4 x 10-4

-122{min.]) -63=2.37 -192-.692

AE3tmin,.)  .90-2.32 L 247-.708

- A0%5-.45%8 -25=2.00 «076-.610

L5{min.}  .69=2.30 .21-.70

] Through gravel.

Spawning.

Spawning.
Spawning.
Spawning.

6T



Table 10. Literature summary of stream depths, velocities;

gradients and discharges of coho salmon spawning streams, cont.

e —
Refarence Syetem Depth {mj Velocity Gradient Discharge Commanks
Eps mps (Fercent) cfs cms
Bustard, 1373 Carnation Ck. «3d=1.058+ 0=-.5 0= 15 z.4 < LG <1.0 Age 0 rearing.
{W. Vancouver Is.} E= .73
=« T5=1.05+ 0=.5% 0=,15 2.4 106 3.0 Age 1 rearing.
X = B0
Anon., 1873 Alousttes E. 50 1.41 Hinimum
{eouth coast B.C.)
Hamiltomn, 1974 Daadman K. 15=-20 A41=.57 Spawning.
- suggested min. 12=20 «34=.57 Incubation.
flowa Lo-60 + 29=1.T70 Eearing.
({interior B.C.} i0-60 +AT=1.70 Bmolt migration.
Mundie, 1968 07T .60 o With 3-6m channel

[ref. B1)

width, silt
contral, cover.
(Ideal coho
rearing stream).

oz




Table 11.

Literature summary of stream depths, velocities,

gradients and discharges of chum salmon

spawning streams.

Referénce System Depth [(m) Velocity Gradient J:Iisr_'h.l.riu Comments
Eps mps (Fercent) cfs Ems
Bams, 1970 Hook Mose Ck. 02 5.4 = l.ﬂ_" Ingubation box.
lcenktral coast
B.C.)
Hourston & Jopes Ck. (south «32-.42 l.6=3.2 A9=-.98 .8 25=30 P B} Spawning channel
MecKinnon, L1956 coast B.C.) B = .37 i fe K = .64 15 .42 during imgubation.
Wood, 1966 Big Qualicum E. 46 251 T Spawning channel.
(E. Vancouvar IS.]
Wickett, 1952 Hile Ck. «05=.08
{E. Vapncouver Is.)
Lister & Big Qualicum K. 20=1040 +57=-39.43 1959-83.
Walker, 1966 Big Qualicum R. ¥ = 225 T =7.78 ¥ 1961=-63.
B.Q.E. (controlled flow) 46-T10 1.%=20.09 1964=65.
Horne Lk.[ * | 150-750 Spawning. |
150=-750 Spawning.
1315=750 Incubation. [
135-400 Fry migration. =t
Hunter, 1959 Hook Mose Ck. 10=600 «2B=17 i
Barner, 1951 Lower Columbia R. ]
tributaries X = .25
i{Wash.)
Sumnpner, 1952 Sand Ck. [Dre.) 2.2=-400
Smith, 1973 From Qregon Game «183{min.} 1.48-3.29 .451-1.003
Commisslion
From Smith for 18 (min.) 1.51=3.31 -46-1.01
dregen stocks
Shelton =t al, Abernathy Ck. 3 .93 Incubation channel.

1966

{Wwash.]

{1960-62)



Table 12. Literature summary of stream deapths,
Beferance System Depkh (m]
Cabler, 1961 Heedle Branch ER.
[OF&.}
Everest & Crooked Fork Ck. 0=.45
Chapman, 1972 »
"
"
Johnson Ck. +15=.1
- 1daho
= O=.13
= WIE=P
"
Platta, 1974 South Fark 2L
Salmoen R. {Idahol
Bicrnn, 1971 Lemhi R. ([(Idahal o s
L, - Blimax.)
Blig Springs Ck. -7a-,82
1y [Idaho) LBSimax. )
Horthoote, 1969 Upper Lardeau R. 1.22-2.29
{acuth knterior
H.C.)
Hooper, 1971 Cal. Dept. *.15
Fish. Game
Hoopax >.21
California
3-sx10? re.
alevation
Dodge & Bothwall's Ck. L13-.31
MacCrimmen, 1%71 (Ontariol
Crcutt ek al, Clearwater E. wdl=1.52
1968
and Salmon R.
(Dre.)
McCollay, 1933 Paul €k. [D.5.A.)
Agnes Ck, (D.B.A.)
Stauffer, 1972 Black R., Lake
Michigan (Ont.}
Alaxander & Bothwell's Ck. .08-.28

HacCrimmon, 1374

velogitias,

gradients and discharges fron steelhead/rainbow trout spawning

streams .
Valocity Gradient Discharge Comman ks
_fIps mp e (Percent} cla cme
T=,02-.33 Q5=1,09 X=,78-5.83 .02-.16 Apparent in-gravel
veloclty (incuba-
tian] .
0-.4% O=.15(8urfacal hge D rearing.
0=.49 O-.15 (bottan) = Ll
.38-1,97 Ld-.6isurface} Age 1+ o
1.48=-2.%5 AS=,.F{boCtom} G =
1.48=1.97 LA5=.6{gurfaca) Age 1+ =
low
2.85=3.94 «9=1.2{bottam) - =
low
0=, 49 O-.15{surface] Age 0 e
Btesp
O-.49 0-.15([battom) i -
steap
.98-1.48 3=, 45 (surface) Age 1+ ™
atesp
2.95=3_44 J9=-1.05(botton)
staeep
i Rearing, rainbow,
{mean of 19).
Chinook preferred
staaper gradients. |
120-177 3.4-5.0 Rearing, rainbow. [
& bt
28-135 LB=1.0 . |
" |
4948 140 Rearing, rainbow.
LS5-3.0 .15-.91 Ralnbow, spawning.
ol T '
lnear bkottom)
l.4=2.7 A %= ,82 = |
x2.0 -6l L
2.8-3.5 «85=-1.07 w
[(Burface)
2:.3-2.5 STO=-L.T6 e
[near bottom)
«5d4=1.0 F.B=BT.1 Ll=1.9 Rainbow, spawning.
2.8=3.5 «B85=1.07 Epawning steslhoad.
isurfacel
2,3-2.5 o
; {n=ar bottom)
1612 45.6 Rainbow spawnersa
32 91 preferred Paul Ck.
Bl15:15.
T-170a +2—4.8 Rainbow juvenile
31.8 3 migration, Age L,
64%.
1.6 Rainbow, juvenila

migration, Rge 1.
1%,



Table 12. Literature SummArLY

of stream depths, velocities, gradients and discharges from steelhead/rainbow trout Bpawning
streames, cont.

Refarence SEystem Deeth I;E_[I. ‘-'elnvr_'itz Gradient Discharge Comnments
fps mES (Percent] cfs cms
Dalisle & Middle Fork D8=.91 +5=3.0 «18=.91 Joos+ B.5+ Suggested for
Eliason, 19&1 Feathey R. spawning and
ical.) rearing of
rainbow.
Pitney, 1969 Mill Cck. {Ore.) -18
Anon., L1973 Alouette R. 504 1.4+
(south coast
B.C.)
Smith, 1373 Oregon Game Comm. -244 1.27=2.91 387-. 669 Winter sthd.
(near bottom)
Deschutes R. 244 1.42=3.18 +433=.9T0 Summar sathd.
: ({near bottom)
Rogue R. + 153 1.48=-3.00 -451-.915% Summer sthd.
(near bottom)
Deschutes R. «153 1.60=2.98 - 488= 909 Ralnbow.
inear bottom)
Smith's critaria -24 1.31-2.98 - A0=, 90 Winter sthd.
{fnear bottom)
Sams & Pearson, 1963 244 1.28-2.598 . 389-,9309 Winter sthd.
imean wel., of
water column) E
Buptard, 1373 Carnation Ck. G=-.45(80%) 0-.5 0=-.15(87% 2.4 106 3.0 Age @ rearing.
in of fish x=.32 " i)
found at:] O=.,3 0=,5 O=,15(87%) 2.4 106 3.0 . .
(W. Vancouver Is.)} - 75-1.0% 0-,5 a-.15(77%) 2.4 106 3.0 Age 1+ i
(aTa)
x=, 90 ~S=1.0 a15=, 30 {23%}2.4 106 3.0 i ®
Withler, 1966 Coguitlam R. 1.29
Alouwatte R. LG4
Chehalis K. « 9%
Chilliwack R. |{south 1.08 BL7-5380 23.1l4-151.512 Gradient to upper
Cheakanmus R. coAaSt .47 1030=10,200 29.17=-515.43 |limit of steelhead
Capilano R. | e 1.28 377=2370 10.6B=6T7.12 ascent.
Seymour R. 1.14 7B8-15&0 2.21-44.18
Coguitalla R. 1.23

ET



Tabla 13. Literature summary of gravel sizes and egg depths associated with spawning sockeye salmon.

Refearenca System Gravel Size E Depth CommEen LS
inches [ inches (¥} cr ¥
Anon., 1973 Okanagan R. (south 1.5-4 3.@-10.2
interioar B.C.]
Anen., 1974 Okanagan R. +25-1. 5 «B=3,8
Eecrns & Iliama Lk. {Alaska) 4.0=12.0 10.2=30.5 Slope 15-25% and water dapth
Donaldson, 1958 (LY 2-6m. Islands and reafs.
Hoopes, 19732 Brooks Lk. £.5=-3.0 £1.3=7.6 Intermediate stream gradient
tributaries [R-LLH [.36-1.45%).,
{hlaska)
Burner, 19%1 White R. 3-6(93%) T.6=15.2 3I-9 (5.5) TE=22.9 {14.0) Depth of majority of aggs
Little Wepatches R -6 (A9N] T.6=-15.2 3=11 (5.7) T.6-27.9 (14.5) assumed equal to depth of redd.
Wenatchee R. Wash.,3i~6[F4%]} 7.6=15.2 2=0 (d.2] 5.1=20.3 [10.7)
Chanagan HR. 3=6[93%} Toli=15.2 2=9 (5.0) S5.Y=22.9 {132.7)
McHeil, 1967 4.3=7.5 11-19 Depth in redds.
1.5 9
thambers, 1958 Washington Rivers £.13-&.0 «3=-15,.2 Arecas where natural spawning

5-1.5l80%) 1.3-3.8 QOCUES .

ve




Table 14.

Reference

System

Gravel Size

Egg Depth

Litesrature summary of gravel sizes and egg depths assocliated with spawning chinook salmon.

Commants

inches cm inches (%) em (R}
Bjornn, 1971 Lemhi K. {(Idaha) 13 i3 Large rubble pubatrate for
Big Eprings Ck. 32 f:31 rearing.
(Tdako)
Listar & Genoe; Big Qualicum H. LA-2.0 1-5 Spawning channel - plus 20 cm.
1870 (E. Vancouver Is.]) .8=3.8 2=10 boulders.
5.9=14.2 15=36 Hatural river.
€. 4=2.0 <1-5

Shelton, 195% Little White "y €25 3 7.6 25-33% smergence,

Salmon Stn. (Wash.) 1=3 2.5=T7.6 & 15.2 BE=89% emergence. .ﬂ]maflac.
&l-3 £ 5-7.6 3=12 T.8=158.2 95-98% hatching.

Wood, 1966 Bigq Qualicum K. «T5=4.0 1.9=10.2 Upper B.Q.R. agg-to-fry survival
was 42%. Stream depth .46m and
discharge -64m¥/sec.

Shelton & Abernathy Ck. 1=1.5{40%] 2.5=31.8 Incubation channel gave 95%

Follock, 1966 (Wash.) 1.5-2.0({40%} 3.8-5.1 agg-to-fry survival with

Z1.04{20%) >5.1 .08m?/sec. flow and siltation
pontrol .
Evarast & Crooked Fork Ch T.8=15.7 20-40 Preferrad conditions.
Chapman, 1972 Johnaon Ck. dahe =%2.5 <5
" T:9=15,7 20=40
Chambers, 1955 Washington Rivers £.13-6.0 +3=15.2 Spawning and incubation experi-
W5=2.0 1.27=5.1 ments performed using subakrates
faaa+) with diameters of €2.5cm to 10.2
5=2.0 1.27=5.1 em, on sapring and fall chinook.
[(B2w+)
Burnar, 1951 Chanapecoah Ck. 3=G[55%) Tufi=15.2 I=20° (o) T.6=50.8 (22.9) Spring race.
Hasan Ck. " (86w} o 4=14 (B.5}) 10,2-35.6 {(21.&) Spring race.
Entiat R. " [(B5%) ! 4=19 (10} 10.2-48.3 (25.4) Bummer and fall races.
Wanatchea R. e = (8aw) % d=18 (9.7} 10.2=45.7 {24.6) Summer and fall races,
White H. i " 1PEN) 2 S5=14 (9.3) 12,7=35.6 (23.6) Summer and fall races.
Kalama R. (SEw) by 2=1T7 (10} S.1-43.2 (28.4] Fall race.
Toutle R. = (B&a} 4=18 (10.7) 10.2=45.7 (27.2) Fall raca.
Grasn R. "o(EEA] v Fall race.

Depth of majority of sggs
agsumad equal to depth of redd.

52



Table 15. Literature summary of gravel sizes and egqg depths associated with spawning pink salmon.

Refereance System Gravel Biza Egg Depth Commen ta
inches £n inches (&) em[X)
McHail, 1967 Lovars Cowve Ck. 4.3-7.5{max.} 11-19% Average redd area per &pawner
[Alaska) 3.5 (mean} 9 «B7=1.1m%,
Wickekbe, 1952 Hile Ck. B 20.3 Artificially buried. Had a
(E. Vancouver I[s.) greater egg=-to-fry survival rate

than naturally-spawned eggs.

Bams, 1974 Tsolum R. =15 1.9
(E. Vancouvar Is.) Gravel incubator.
Bams, 1972 Tsolum R, «75=1.25 1.9=3.2
Pfitchlrd. %44 HeClinton Ck. 12=136 In=91 Found in natural streams.
{Duesen Charlotte Is.)
Heard, 1972 Lovers Cove Ck. 1-4 2.5=-10.2
Walker & Big Qualigum E. «75=4.0 1.9=10,2 4-8 10.2-15,2 Spawning channel,
Lister, 1971 (E. Vancouver Ia.)
Hunter, 1955 Hook Hose Ck. LO5=5.0 1.3=12.7
{eentral coast B.C.)
Bams, 1970 Hook Hose Ck. “28-1.02 T=2.6 5. 4 ag Gravel incubator.
{mran .79) (mean 2.0}
Haave & Jongs Ck. {south ] 20.13 Artificially buried in spawvning
Wichete, 1955 coast B.C.) channel. Egg-to-fry survival 42n.
Hoursten & Jones Ck. 25=1.5 B-3.8 dpawning channel.

MacKinnon, 1956

McHeil, 1968 Sashin CKk. ST B «LlB=1.27 Gmallest gravel at lowest
[Alaskal) gradient preferred (.1ls gradiant) .

9Z



Tabkle 1&6. Literature summary of gravel sizes and egg depths associated with spawning coho salmon.

Reference System Gravel Eize Egg Depth Coamments
inches cm inches (¥) cm (%)
Lister & Genoe, Big Qualicum R. <4 1.0 Rearing channal.
1870 (BE. vancouver Is.)
Burner, 1951 Toutle K. (Wash.) I=6 (A5%) T.6-15.2 3=2 08} 7T.6=5%0.8 (20,13} Hatural spawning.
Pack, 1970 Lk. Suparior Gravel 43%; Boulder 31% Hatural spawning.
tributaries {(Mich.)
Shapevalav & Big Ck. Hatchery 5 13.7 Hatehing egge in gqravel.
Barrain, 1939 {Cal.)
Dill & Experiment re: Experimental stream aguaria.
Harthecote, 1970Lb environmental 2 TH=1.25 1.9-3.2 B=12 20-30
variables and
incubation- 1.28-2.80 J.2=6.3 A=12 20=30
amergence
carl, 1935 Cowichan Lk. E=8 15.2=20.3 Ratchery.
{E. Vancouver Is.) X
Wood, 1966 Big Qualicum R. e L B l.9=00.2 Spawning channel.
Chambers, 1955 Hatural Rivers L. 13-6.0 €. 3=-15.2
{Wash.) 5=2:0 il T i

[45%+]

£



Table 17.

Litarature summary of gravel sizes and eogg depths asscciated with spawning chum salmon.

Reference System Gravel Size Egg Dapth Comments
inches cn inches [T om (X}
Dill & Robartson Ck. «A=1.5 1.0=-3.8 H-12 20,.3=303.5 Experimental Btream aguaria.
Horthcote, 1970 {W. WVancouver I6.}) 2=4 S5.1-10.2 a-12 20.3-30.5
Shelton & hbarnathy Ck. 1=1.5(40%) 2.5=3.8 Incubation channel.
Follock, 1966 [Wash.| l.5-2.0(408) 2.8-5.1
2.0(20%) Lt
Bams, 1970 Hook Hose Ok, .28=1.02 LT=2.6 35.4 a0 Graval lncubator.
{cantral coast B.C.) {mean .&) (mean 2.0)
Hourston & Jonas Ck. {south P e T 64=3.81 Spawning channel.
HacXinnon, 1956 <oast B.C.)
Wosd, 1966 Big Qualicum R. Spawning channel.
1{E. Vancouver Is.}
Wickett, 1952 Mile Ck. 8=-20.3 Controlled stream.
[E. Vancouver Is.}
Burner, 1951 Lower Columbia H. -6 (81%) T.6=15.2 A=-17 {)B.&} 7.6-43.2 (21.6) pepth of majority of eggs

tributaries [(Wash.}

assumed agual to depth of

radd.

8¢



Table 1B. Literature summary of gravel sizes and egg depths associated with spawning steelhead/rainbow trout.

RBeference Eyatem Graval Siza Commants
inches Cm inchasa (X}
Orcutt et al, Clearwater R.J{Ore.) .25=-4.0 LEd=10.2 Rainbow.
19&8 Ealmon R. {70%)
Delisle & Middle Fork 25=3.0 Ed=T. 62 Suggestad, rainbow.
Eliason, 1961 Faather R. [(Ore.)
Bustard, 1973 Carnation Ck. 3.9=7.9 10=20 Eteslhead.
{W. Vancouver Is.) {80%)
Coble, 1961 Alsea R. [Dre.) sile=-3 Silt=7.62 10 Steelhead.
Everest & Crooked Fork Ck. 3.9-15.7 10-40 Bearing, Age 0.
Chapman, 1972 {Idaho) >15.7 >a0 Rearing,. Age 1+,
Platts, 1974 South Fork Boulder [(37.8%) RBearking, rainbow.
Salmon R. Rubble [26.7%)
{Idaha) Gravel [15.6%)
Fine {(20.4%)
Biornn, 1971 Lemhi R. (Idaho) .5 24 Hearing, rainbow.
Big Springa ck. 30.7 T8
i1dahol
Hooper, 1973 Califarnia
- low level streams .25=3.0 JEA=T. 62 Rainbow/stealhaad spawning occurs
{mean .25-1.5%) (mean .64=-3.81] later in higher altitude streams.
= 1,000=1,500m alev. .5-4.0 1.3=10.2
Dodge & Bothwell's Ck. 1F=IX.8 2-30 Rainbow.

HacCrimmon,

1371 (Ontarico)

T



Table 19.

Refecence

Eystem

Seasonal Timing
Eange Eeak

Diurnal Tlning
ASampla Houras

Vertical Dist'n

Horlzontal Dist'n
afample Depthim)

Literature summary of Jdownstream migration timing and water column distribution of juvenilas sockeye salmon, cont.

Comments

Hartman
at al, 1962

Bjornn
et al, 1968

Foerster,
1337

Robartson,
1949

Hagtman
at al,
1967, conk.

Ralaigh,
1967

Withler,
1951

Brogks Lk,
[(hlaakal
-Hidden Ck,

Salmon RH.
(Idaha)

Cultus LK.
[gouth coast
B.C.)

Hook Hose Ck.
[central
coast B.C.]

Earluk Lk.
{Alaskal
=Canyon CK.
[1963)
-Canyon Ck.
[1263)
Cultus Lk.
(1926-36)
{south coast
BB ]
Bolahaya R,
(.56 Ra)
Lakelse Lk.

Apr.25-Junell HMNayll=21
{1960 ]

Hay3=-18

2000-0400
Paak 2200-0100

Daytime holdingm mm o = = =, ] = = - - - - Fanks

-4 OE00-1200
3.3 120:0-1800
T5.4 1E00-2400
B.8 DoooQ=0600
Faak 2230-2300

Feb.l6=-July20 Apr.lO-Mayls

(80% of run)

Hayl3-Julylé June il

Apr.l5~May2a May5s
[BEummer Spawners)
June lOo-July lB July4d
[fall spawners

and Fab.- Apr .25
early June

11946 ,47,50,52)

{north coast
By

Babine Lk.
fnorth coast
- 1] |
Chignik Lk.
Karluk Lk.
Lower
Ogashik Lk,
Eecharof Lk.

Mayl2
Mayh-Junald MayZ3

May 113

Jung 4
Mayl0=JulysS Juned
Mayld-Julyd Jana 3
Mayl2-Julys Hay 3

May23i=Junal2d Juanel

Fitoli Lk. June§

Ruth Lk. June ld
.3 k

Rk Tl N s May2g

Brookas Lk. Hay B-June 30 Hayil

Haknek ER.
Iliama Lk.

Alegnagik Lk
Tazlina Lk.

Earluk Lk.
-tributaries/
outlet
=gputlet

Babine Lk.
inorth inter=
ior B.C.)

May20-Jyly 3l June L&
MaylS=-July 25 Juned

Hay2T-Aug., 2 Junaed 2
Julyl

ApE.L1l2-
early Aug.

mid-May -
mid=June

Dudk to dawn
Pepak-midnight

100 1900=0700
100 2000-0700
92=96 2000-0300
»85 1600=-0400
100 2100-G600
21 Z200=0200
&0 2400-0100
95 2100-0200
T3 Hight

Most 1800-2300

1] Banks
(€.91m
fram
ahore)

Fry migration.
Emolt migratien,

1955=66 means.

Smolt migration,
1926=36.

Fry mlgratian.

Fry migration.

smolt migration.

Fry migration.

Smolt migration.

0E



Table 19. Literature summary of downstream migration timing and water column distributien of juvenile sockeye salmon, cont.

Refarence Systen Seasonal Timing Diurnal Timing Vertical Dist'm Horizontal Dist'n Comments
R Ranga Feak wSample Hours YEanmple Depthinl ASample Depthimj
Can. Dept. Chilko Lk, I
Fish. and ~gutlet Apr.l5-JunelS May
I.P.5.F.C., —past Hope Apr.lB=-Junell May
1955 hAdamns Lk.
—gutlet Apr.20-May 30 May
-past Hope Apr.24-Juneld Hay Emolt mlgrations.
Shuswap; Apr.l=Jduly3l
Habel Lks.
fall inm
interioxr
B.C.Y
Babine LK. Hay l5-Julyls
[nocth inter=
ior B.C.}

Heshan & Taku R. Apr.12-JunelS Juned=5 peak o200-0400 most o Fariocd of study.
Sinifr, [Alaskal} [top 5% of Rge 2 sSmolts
1962 water predominate ovar
caluamnk Age 3.

AUntar Part John May Smelt migratiom.
1946 (cantral

coaet B.C.)
HUnter . Part John 3rd whk.Apr.- Smolt migratiomn.
1949 Junell
Withler, Six Mile Ck., Apr.li=Juneis Fry migration.
1952 {Babine Lk.}
Fasrster, Cultus Lk. Apr.29-Junall HayT : Fry migration.
1234 {scuth coast

B.C.})
Faarster, Lakelse Lk. Mayli-Juneld4  May2l-22 Smolt migraticn.
1952 [nerth coast and

B.C:) Junal
Hartman Brooks Lk.
et al; [Alaszkal ¥
1967 -Hidden Ck. Anr.24=Junad Mayid-14 Lo 2200-0400

=0ne Shobt Ck. May9-Junell Juna? 100 Z200=0400

Karluk Lk.

(Alaska)

=Uppat Apr.d-Junell Junah

Thumb E. Fry migratlons.

—-Grassy Pt. Apr.G=Junall HayT-18

Ck.

=Headow Ck. Apr.5-Junel? Mavi-z4

{Bummeéy Spawners)
-Headow Ck. Juneld=JulylH Julyl
{fall spasners] |

EE



Table 19. Literature summary of downstream migraticon timing and water column distribution of juwenile sockeye salmon,

Reference Sysktem Besponal Ti_n_J;_.-_l_g_ Diurnal Ti]‘lil_l:i Yertical Dist'n Horizontal Dist'n Comments
R e s R Range Foak ASample Hours ASample Depthim) %Sample Depth(m)
Mains & Columhia R. Mayl2-Junell? 100 1500-2 100 Seolt mligration.
smith, (Wash.]
1956
Eeas, 1956 Columbia R. Hayl4-Juneld BA.A O=4.6 near Smolts, during
[Wash.] shore study period.
Weptwaker Fraser R. Mar.-early Mid-May Emolt migration.
Bes., 1974 {south coast Apr.
B.C.)

Long, 1968 Columbia R.

{Wash.} —
~Dallas Dam Apr.2H-Hayl2 1530-0230 8.1 o-4.4
(1960) 0.1 4.6-9.0
11.8 9.2-13.6 Smolt migration.
=McHary Dam ApE ., 24-Maylé l900-0500 &2 0=-4.4
(196l i6 4.6-8.0
12 D, 2=13.6
Depths measured
from ceiling of
intake ak gatewell o
Acdra & Meadow CK. Early Apr.-— Hay lo-20 45.6 2100-2300
Emith, 1971 [(south inter= JunelZ4 [A=an) to
ior B.C.] Apr.22-Junelb 2200-2400
Apr.l-June2d 64.5 O-.3 5& .9 banks Kokanee fry
11968) 27.2 i - 43.1% cantre nigration.
7.4 aB=.9
.8 -9-1.2 ol
Brett & Lakelse Lk. Mayl-Junel5 Hayl7=130 Smolt migration.
MeConnall, [(morth coast [1947) 180% of run}
1950 B.C.)
MocDonald, Lakaelse Lk. Apr.l5-Junef 50 2330=0030 3 2B.8% centre Fry migration.
1960 (Willlams Ck.} {1%54-55) at
-Tlnfsec.
valocity
Johnson & Babine Lk. May-June 1800-2400 near Smolt migraticon.
Groot, 1963 (north inter= BUrfaca
ilgr B.Ca
McDonald, Babine Lk. Mayld-JunalT Mayila and Smalt migrutiun.
1969 (1967} Junefd 12.7% PFultapn E.
: egg-to-smolt surv.,
14.3% Fulton
Channel =gg-to-
=molt surw.
Groot, 1972 Babine Lk. Hay20=Junall Peaka-Dawn , Smolt migration
Dusk during study
pariod. Migrakion
rate 41-S5lcmfsec.
Anon., 1954 Okanagan R,
{=outh inter=
ior B.C.)
=from Daoyoos Apr.2l-Mayll Smolt migration.
Lk. (1953)
-into Qaovyoos Mar.lO-Apr.ZH Mar. 3] Fyry migration.
Lk . (1852)
Hoat, 1954 Expariment re: 100 0=1.8 Prefer faster Fry migration.
depth =T 1.5-1.8 watd

preference [from Dottbon)

gE



Table 20. Literacturse sunmary of downsbtream migration timing and water column distribution of juvenile chinook salmon.

i
Reference System Gaagonal Timing Diurnal Timing Wertical Dist'n Horizontal Dist'n Conmenkts
Range Poak ASample Hours dEample ODepthim] ASanple Depthim]
Hains & Snake R. Har.-Juna Mid-Apr. Paak D3l00=0600 aven distribucion 50-60 Banks BO=93% RAge 1+,
Smith, 40=50 Centre
1956 Tucannon K. Year=round Apr.=-HMay peak 1900=2100
Columbia R Har.=July mid-ARpr. T 1Bao-0600 43,8 o-.8 SO-60 Banks ] Approx. T75%
ash ., Juna, July s 1.2=6.3 40=-50 Centre Age 0O+,
28.9 Bottom
[CP.U.B.)
Yakima RH. Apr.-July mid-May
Raymond, Columbia, early Apr.-= Smolt migration.
1368 Snake H. end May
(Wash. ,0re.)
Haedham Sacramento R.
et al, ical.) =
1940 -at Ball's Jan.6-Apr.25h Fab.l-15 Emolt migration,
Ferry {1899} Age O+ £ish,
11930,/39) Mar,20-25 prior to construc-
Dac.ld4-May2a and Fab. tion of Shasta
{1939/740) dam.
=at Redding Apr.28=-JunehB
t1938)
Sept.li=Hov.1l5 Sept.20=25
{1939)
Reimers, Elk, Har,=Juna 7] smolt migration
1968 Sixes R. {tributaries) i (two populatians).
(Dre.) All Bunmer
{mainsteoml [
Hamilton, Deadman R. June Emergent fry.
1974 (south
interior
B.C.)
Reimers, Sixes R. Har,29-Hayd ApE. L4-15 98.8 night ] Emergent fry.
15973 (Ora.} 1.2 day
~overall mid=-May
movement feributaries}
late-June hge D+ smolts.
(mainatem)
late=Fuly,
sarly-hug.
[eBtuary)
Bjornn, Lemhi R., Jan.-Janes Apr. = Fry, Age 0O+,
1971 Big Springs apring Har.=June = Age 1+ amalts.
Ck.(Idaha)
Westwater Fraser R. mid=Mar. - end Apr.- Smolts.
Ras., 1974 {2outh gcoast mid-June carly May

B.C.)

EE



Table 30. Literature Summary of downstrecam migration timing and water column disbrihﬂt{iﬂ_gf jquEi;g_nhingdr*Ealmun, cant.
r'_._.__._'_'_
Referance System Seasonal Timing Diurnal Timing Vertical Diat[& Horizontal Digt'n Co, mants
s Ranga Peak 4Sample Hours iSanple Depth{m] e cleersilt
Long, 1988 Columbia R.
[Wagh.}
-Dallas Dam ApE.T-27 67 1900=-0700
fduring Age O+
study] 33 OTe0-1%00
Rgae 0O+
95 1300=0700
hge 1+
5 QF00-1900
Aga 1+
Apr.2B=-Mayl2 1530-0830 47.7 O=4.4 Enolt positions
Age O+ in turbine
3.9 4.6-9.0 intakes. Depths
Age O+ measured from
1%.6 §.2-13.6 ceiling of
Aga O+ intake at
T4.0 O0=4.4 gatawall,
Age 1+
19.7 4.6=9.0
Age L1+
6.3 9.2=-13.6
Age 14
=MocHary Dam Apr.24-May2l 1900-05%00 7% g-4.4
Age 1+
14 4.6=9.0
Age 1+ !
G .
q -
Wales & Klamath R. Deg,2T7-Apr.4 Emergent fry [
Coots, (Cal.} Dac, 24-ApE. 8 from bhroods
1954 Jan.S=hpr.3 1950=-53 .
Det.31l-Mar.25
Slater, Sacramanto RE. Hov.l=Mayz? Jan.20-2% Age 1+
1963 cal.) Feb.l9=-Mar.19
Relmers & Colymbia E. complete by July 'L Smolts, Extended
Loeffel, tributaries residence due to
1967 (e, stream tempera=
ture, small fry
glza,
Heghan & Taku H. Apr.l2-Junel5 HMay7-13 = peak 0200-0600 most o=. 56 94% Age 1+.
Siniff, {alazka) (top 5% aof water €A Age 2+,
1962 colamm)
Lister & Big Qualicum mid-Mar. - end-Mar. -
Halker, R. (E. Van- mid=July mid-Apr.
1966 couver I5.) [amergent
fry)
mid-June
[Emolts,
Age O+)
Lister & Big Qualicum Har.=June Apr.7
GEnoT . 1 [fryl
1370 Janell
(Emolks)
Seain Sipes R. mid=-Hay = July Smolbs.
et al, L1372 (Ore.}) early Sept.



Table 20, Literature summary of downstroam migration timing and water column distribution of juvenile chipook salmon, cont.

Refersnce System Seasonal Timing Diurnal Timing Vertical Dist'n Horizontal Dist'n Comments
e Ranga Feak afanple  Hours sfanple Depthim) ASample Depthin]
Monan Spnake R. spring-sarly a9 dawn & dusk 25 cenbEe Distribution af
et al, 1969 (ILdaho) B UMM F 19 daylight a6 top 173 15 banks salmen and debris
X3 middle 1/3 examined.
12 bottom 1/3
12 darkness 30 top 173
\ [2200-040:0]) 29 middle 1/3
41 bottom 1/3
Can. Dept. Nicola R. Bpr . 15-June 30 ] - Emargent fry.
Figh. & [south inter- Apr.lS=Juna 3 = Age 0+ smolts.
I.P.5.F.C.,; fior B.C.)
1855 Babine Lk. Apr.15-Julyl - Emergent fry.
[rorth inter- MaylS=Julyl5 . = Age D+ smolts
for B.C.)
Aeaes, 1956 Baker Danm Mar.l4=-Junel2 BE.& O-d.6 33.4% shore Age 0+ fry.
(Wash.) {during
studyl
|
Evarest & Johnson, Hay-June Age 1+ prasent.
Chapman, Crooked Fork

5E

1932 Ck=. (Idaho)



Table 21, Literaturs summary of downstream migration timing and water column distribution of juvenile pink salmon.
Reference System Seasonal Timing Diuvrnal Timing Vertical Dist'n Horigontal Dist'nm Comments
Range Feak WSample Hours ASample  Depthim) ASample Depthis)
Heave Honna, Mamin, Apr.26=Hay® most nighe
et al, Brown's Cabin,
1951 MeClinton Ck.
(Queen Char-
lotee Is.)
Bams, 1374 Tsoalum RH.
{E. Van-

Bams, 13272

Walker &
Lister,
1971

Pritchard,
1944

Hunter,
1948

Huntar,
1949

Hunter,
1959

couver Is.)

~Incubation Apr.3-Apr.28 Apr.B
box

=Headguarters Mar.20=-Apr.25 RApr.AB
G s

Teolum R.

=Incubation Apr.7=-Mayl3 Apr. 19
box

=Headguartars Mar.l5-MaylO Apr.l4
Ck .

Qualicum R.

transplants

{(E. Van-

couver Is.)

=Qualicum R. MHar.l-25 Har.12
Btock

=Cheakamus R. Mar.l2=Rpr.25 Apr.b6
stock
=Teolum R.
stock{1963)
=gualicum R. Apr.20-Hayd Apr.26
stock
=Bear R.
stock
=Tsolum R.
satock{1964)

Apr.3-May@ Apr. 17

Apr.20-Hay24d Mayb

Apr.9-30 Apr.l6

MegClinton Ck. spring night

PFt. John Apr.lé
Bay

Pt. John Mar.25-Juneld
Bay

Hook Hose Ck. HMar.24=Juaned Apr.l9-Mayle X0
(central
ceoABt B.C.)

2100-2300

River fry less
energy-efficient
during
incubation.

1 Transplanted

stocks develop
at same rate
({degree-days) as
donor stream.
Eggs planted in
rivar.

naar surface Higration rate
approx. 4.6-6.1

mpS .

83.3% of fish caught near centre were ln surface 0=.15m.
92.4% of fish caught near banks were in surface 0-.15m.
60 centre

40 bank

S



Table 21. Lliterature summary of downstream migration timing and water column distribution of juvenile pink salmen. cont.

Ralarenca

Eystam

Geasonal Timing
Range Peak

MoDonald,
1960

Foerster &
Ricker,
1as3

Heave,
1885

Weastwater
Hes., 1974

Dept. Fish
Can. &
L.P.E.F.iC.,
1955

Skeana R.
tributaries
—Lakelse E.
site 1
~Lakelsa R.
Bk 2
-Kalum E.
=Kitwanga R.
[all on
north coast
B ]
=Kispiox R.
inorth inmnter=
ior B.C.)

Cultus Lk.
{south coast
S

Hook Hoze CR.
Datlamen Ck.
{gusen Char-
lokte Ia.h
McClinton Ck.
{gueen Char-
lotte Is.)
Honna Ck.
[pueen Char-
lotte I8.)
Manmin Ck.
[Queen Char-
lotte Is.)

Frager R.

. isouth coast

E.C.]

Seton Ck.
(routh inter-
ior BaC.
Babine LK.
inorth inter-
lor B.C.)

Mar.l-Hayla Apr.5-9

Ape.Z2l=-May?
Apr.15-20

Apr.ld=Mays

Apr.le-Mayd

hApr.l6=Mayl2
start of
Feazon

end of
sSEason

early ARpr. -
early May

and Feb., -
early June

Hayl=31

Apr.l5-TJuly¥l

Diurmal Timing

biample Hours

Wertical Dist'n

Horizontal Dist'n

kSample pPepth{m)

AZanpla Depthim]

Conmentsa

100 2131-0459 {depth sampled).3 28.2 centra:
highest wal.
an-98 2101=045% = at .Tlmféec.
L) 2101-0459 n
61l=8% Z2101=045% n Perceotage of
. ; daylight migra-
tion related to
turbidity,
15=69 2101=-0459 - dlftnnnz to
night 4z A= BELUATY .
{straam
depths [rom
G-1.5])
day 15 A= .6
{stream
dapths from
l.2=1.5m}
day 39 = T=
{stream
depths from
1.2-1.5m) 5
=14 by 2200
kLY by 2330 612 0-.15 faskast
water
50 by 2400
50 by 2400
50 by GLOO
1o 2030=-0500
10 2100-0400

&tE



Table 2%. Literature

summary of downstrean migration timing and water column distribution of juwvenil

e coho salmon.

Referaence System Seasonal Tin:i.ng Diurnal T:i.mi.nE Vvertical Dist'n Aorizontal Disgt'n Comments
Range Paak AS5ampla Hours RSample Depthim] #5ample  Depth{m) gr
Haahan & Taku R. Apr.l2-Junels Hayld-27 peak 2400-0200 most O=.08 Age 1+, 46w,
SinlEf, (Alaska) {study (top 5% Aga 2+, S48,
1552 periad} of water
column)
Hoar, 1954 Exzperiment i3 O=.5
e depth 20 LA-.6 FIY.
prefarence 1% B0
24 «3=1.5
Sumner, Sand Ck. end. Feb. - Mar, 1l6-22 Fry migrationg
1952 (Qre.] early Apr. some Age L+.
Liater & Big Qualicum aarly May - Age 1%, 9Tk,
Walker, A. (E. Van= early June Age 2+, 3%,
1966 couver Is.)
Lister & Big Qualicum Mar.26=-Junaed MayT-19 ] Fry.
Genoe , H. May2a
1970 Apr.28-JunclB Mayl5s ] hga 1+,
Mayld
Chapman Deer Ck. early Feb. =
1965 e and May
Flynn Ck. 2 W hge L+
Heedle Br. Ck i 1
all three Juna [fry)
ayakems (%]
Hamilton, Deadman R. Apr.=June Agae 1+. om
1374 [south inter-
ior B.C.) ! 1
Monan Snake R. Bpring = 69 dawnsdusk 25 centre
&t al, [Idaha) sarly 19 daylight— 66 top 171 75 bBank z‘_
1969 summer 12 middla 1/3
12 bottam 173 Age L1+
12 darkness — 30 top 1/13
[2200-0400) 29 middlie 173
a1 hottom 1/3
Chapman, Deer Ck. =
1362
ref. 29 =1958 /60 Fab,l4-JulylE Hay23i-Junsbh most night{Eryl
Jan.l6=Mayzl Har.l2=26 mast day [Agel+}
-1960/61 Feb.ld-July30 Mar.26-Apr.%most night [fey}
Jan.l4-May? Fab.26-Apr.9mast day {Agelr}
Fly¥nn Ck.
-1888 /50 inconpleta most night[fryl
Jan.l6=May21l Har.26=-Apr.9magt day {Agels+)
—-1960/61 Feb.ld-Jdulyléd Hay?-21 mast night{fryl
Jan, 1-May21l Mar.26-Apr.9most day {Agale}
Needle Br.
Ck .
=1958 /60 inconplatae mos night{fry]
Feb.Z7=May2l Har.26=Apr.9mnoat day ({Agel+)
-1%60, 61 Apr.23-Julylé Hay2Zl-JuneS most night{fryl
Jan.l5-Mayzl Mar.26-Apr.9most dayihgal+]
Focrster, Lakelse R. Mayli=Junel4 Hay27-29 Age 1+.

1952 inorth coast

B.C.Y

{study
pariad}



Takle Z2.

Literature summary of downstraam migraklon

timing and water column distribution of juvenile coche salmon, cont.

2300=0100

Rafarance System Seasonal Timing Diurnal Timing
Range Faak SSanple
Hunker, FeE. John DBay May
1944 [central
coast B.C.)
Hunter, Pe. John Bay Rpr.ld-Juneld
19449
MeDonald, Williams Ck. EB.5
19a0 [norch coast

Fogrstar &
Ricker,
19513

Westwakber -
Reg., 1974

Dapt. Fisgh.
Can. &
IL.P.8.F.C:,
1955 :

Wickett,
1951

Raes, 1956

B.C.)

Swaltzer Ck.
[aouth coast
B.C.)

Fraser ER.
[south coast
B.C.J

Hicola R.
{south inter-
icr B.C.I

Babine Lk.
inorth inter-—-
lar B.C.}

Rile Ck.
{E. Van=
couver Is.}

Columbia H.
(Hash.]

May10=July iz
Mayl-Juned
Mar.l-Junczlg
Fab.G=JuneB
end Mar. -
early May
[hge 2+]

mid-Har. -
mid-June

HMayl-June 30
{fey)

ApE . 15=June 37
{hge 1+]
Apr.lS-Julyl
LEry)
Huylﬁhgulvlﬁ
{hAge L+)

Apr.=Jube
{Ery)

Har.ld=-Junell
{study
pericd)

Junel2{fry)
Juned{igal+)
Rpr.5-9{fry)

Mayz5-23[Agel+}

mid-Apr. -
early May

Houre

Vartical Diet'n

Horizontal Dist'n

— 3

Conmants

¥Sample DeptETEh ASample PBepthim]
Pry.
Fry.
all across creek Age L+.
|
Lad
D
I
HiL L& 0-4 .6 31.4 TEEE Age 1+.
shora



Tabla 23.

Literature summary of downstream migration timing and water column distribution of juvenile chum salmon.

Reference Syatem Seasonal Timing Diurnal Timing Vertical Dist'n Horizontal Dist'n Comments
Range Paak R5ample lHours 4Sample Depthim) %Zanple Depthim]
Hunter, Pt. John Bay May b
1948 [central
codst B.C.)
Hunter, Pt. John Bay MHar.215-Junell
1949
Hunter , Pt. John Bay MHar.3l=June? Apr.17-Mayl7T 2»50 2100=2200 B2% of fish caught near centre were in surface 0-.l15m.
19549 peak 2100 89% of fish caught near bank were in surface 0-.15m.
58 centre
42 bank
McDonald, Skeesna K. 0.6 2100=0500 uniform
1360 [north coast
B.C.)
Foerster & GSweltrer Ck. Feb.25-Junel Apr.5-24
Ricker, [8auth coast May25-29
1951 B.C.)
Heave, Hook Mose Ck. Apr.2l-May? 50 by 2100 7
1955 [central
coast B.C.}
Datlamen Ck. Apr.l5=20 50 by 2330 62 0-.15
(Quean Char-
lotte Ia.)
HMeClinton Ck. Apr.ld=May5s 50 by 2400 Data as per pink
{Quean Char- fry.
lotta In.)
Honna Ck. Apr.lo=Hayd 50 by Z400
({Queen Char-
lotta Is.)
HMamin Ck. Apr.l6=-Mayl2 50 by G100
(Queen Char- =satart of 1040 2030=0500
lotee Is.) season
and of 100 2100=-0400
Aeason =
Hoar, 1951 General at night near surface mid-stream
Westwater Fraser R. end Feb. - early Apr. =
Res., 1974 (scuth coast mid June emarly July
B.C.)
Meahan & Taku R. Apr.l2-JunelS Apr.30-MaydE peak 2300-2400 most 0-.61
Siniff, {hlaskal (Btudy {top 5%
1962 period) af water
column)
pept, Fish. Babine Lk. Apr.l15=Julyl
Can. & inorth inter-
I.P.8.F.C., lor B.C.)
1955
Hoar, 1%%4 Experiment 18 O=1,2
re: depth 21 6= 9
preference 1B 0=.3
18 1,2=1.,5%
Summner, Sand Ck. end-Feb. - Apr.7-14
1952 (Ore.) hpr.29
Listar & Big Qualicum mid=Apr. =
Walker, R. (E. Van- end May
1966 couver Is.)

o¥




Tawle 24.

REeference

Literature summary of doswnatrean migration timing and water column distribution of juvenile steelheadSrainbow Erout.

System Seasonal Timing Diurnal Timing Vertical Dist'n Herizontal Dist'n Comments
1= Range Faak iSanmple Hours wSanpla Depth(m) 4%anple Depthim)
BEjoENT . Lemhi R., Rug.-July Dec. {fxy
1971 Big Springs Bug.=Dea.
Ck. {Idaha) (Age 1+)
Apr.-hug.
(Age It+]
May [hge 2+)
Long, 1963 Columbia E.
{Wash.)
-Dallas Dam APE.T-27 86 1900-0700
{etudy (Age 1+)
period] 14 G700-1200
(Agae L+}
Apr.Z8=Maylz 1530=-0830 T2.7 0-4.4
{study {Age 1+}
pariod} 211 4.6-9.0
[hge 1+}
6.2 9.2-13.6
(Age 1+)
=HMcHary Dam Apr.24-May26 1900-0%00 73i.5 0-d.4
[gtudy - {Age 1+
periocd) 24.2 4 B-9.0
[Age 1+]
e | 9.2=13.6
{Age 1+)
Mains & Snake R. early Rpr. — mid-Hay peak 0300-0600—=high water, prefer BO centre
Smith, June middle and bottom;
1954 low waker, prefaer
surface laver Age 1+
Tucannon F. some all yr. Apr.-May paak 1900=2100
Colunbia R. Apr.la-22 a0 centre
Yakina H. AP .—-July mnid-May
Staulfer, Hlack R. eand Apr. = and May - &4 1L700=-2230
1372 [Ontario) gnd July and June [hge 1+;2+]
§T7.9%) iz 2230-0B30 Rainbaw.
[Age 1+,2+}
7 0B3I0=1700
(Age 1+,2+}
Age 1+ = T1% June
Age 2+ = T4% Hayll=Juneld
Age 3+ - Tis May
Wagner, hlsea H. Apr.-Hay mid Apr. = Wild smolts, [rom
18968 [Bre.) mid May Withler, 1966.
Maher & Chilliwask R. Mar.-hApr. hge 2+.
Larkin, {south coast
1954 ' e |
Alexander & Bothwell's Mayi=July3 Hay2l 6.6 Mayld, Ages 1+, I+,
MacCrimmon, Ck. (Onk.) Hayid-Juna5 night
1974
Horthcore, Lardeau R. Doawnstream before late mos t 1300-0R0D mids brean Eainbow fry.
1969 [south inter- July peak 2000=2100

ior B.C.)

Upstrean after July
to Aug.

daytime movement

along =shores

Ly



Table 24. Literature summayy of downstream migrabion timing and water column diaeribution of juwenile steslhead/rainbow trout,

aont.
Eefarence Syatem Seasopal Timing Diurnal Timing ¥ertical Dist'n Horizontal Dist'n Comments
Range Teak tSample MHoura sSample Depthim] ASample Depthim)
Sumner, Fand Ck. HayT= JuneT=14 Steclhead smolts.
1952 (Ore.) mid June
Dapt. Fish. Babine Lk. MaylS=Julylh Steclhead smolte.
Can. & {north inter=
B R e i - i |
1956 Hicola R. Apr.l5=Julyls
{south inter-
ior B.C.)
Everest & Crooked Fork, During 2nd Eteelhead smolta.
Chapman , Johnson Cke. & 3Ird
1972 (Tdahal sumne r
Reas, 1956 Columbla E. Mar.ld-June22 aB.6 O-d.6 il. 4 shore Steclhead snolts.
{Wash.) [8tudy stations
period)

i



Table 25, Sites, s=pecies, flow specifications and mean survival rates of spawning
channels in British Columbia (summarized from Salmonid Enhancement FProgram
Annual Report 1977, and A.C. Cooper, I1.P.5.F.C., Progress Report, 1277).

Average Egqg-to-Fry

Eite Species Depth Veloecity « Gradient’: Discharge Survival

{cm) im/sec) (%) (l/=ec) (%)
Jones Ck. Pink 45 sl SR 700~ BSO 37
Robertson Ck.2 Pink, Chinook 45 .46 .12 2800 --
Big Qualicum R. #12% Chum 45 61 .09 1700 18
Big Qualicum R. #2 Chum 30 LR a2 2300=-2800 7n
Pulton K. #1 Sockeye 40 G « 09 2100 49
Fulton R. #2 Socckeye 30 -64 « 20 2800 44
Pinkut Ck.P Sockeye 40 .55 .09 1300-1600 35
Seton Ck. Upper Pink 46 » 3B - 06 1130 53
Seton Ck. Lower Pink 38 .45 5] 1130 58
Weaver Ck. Sockeye 24 Soria « [ 570 74
Gates Ck. Sockeye 38 - 45 « L0 1130 74
Madina R. Sockeye 48 R 5 55 I 69

8 Not in operation - converted to rearing channels,

Specifications prior to reconstruction ‘in 1977.

E¥



Table 26.

Summary of gravel

incubation projects,

gravel sizes used and early surviwval

rates (summarized from Bams and Simpson, 1977, M5.).
Gravel Size ([cm) Percent Surviwval
No. Location Species Range Mean To Eyed Egg To Emergence
1 Hook HNose Ck. Chum { .7=2.6) 2.0 50.9 76
a Tsolum R. Pink (l.9=3,2]) L 84.1 93
3 Auke Bay? Pink { .6=-5.1) 1.0 - 82,7
4 Inches Ck. Chum (1.9-3.8) 2.9 92.5 93,5
5 Auke Bay Pink FLw3=3.2) 1.9 95 84.5
G Auke Bay Pink (1.3=3:2) 12 94 92
7 Little Port Walter® Pink {l.3=3.2 - 84
3 Tsolum R. Pink {1.9-3.2) L 2 g8 8353
9 Auke Bay Pink (l.3-3.2] 1.9 79 Tl
10 Blaney Ck. Chum e - B A 2sh 90
11 BRig Kitoi Ck.P Pink (1.9-3.2) 1009
12 Big Kitoi ck.P Sockeye (1.9-3.2) 97.5
Lt Fdk o R, Sockeye { .5=1.9) 50.2
14 Fulton R. Chincok (2.5=3.2) 75
5 Fulton K. Sockevye [2 .53 .3 BO
16 Bear R. Pink (1.3-3.8) 92 87
17 Bear R. Pink {l.3=-3.8) 94 ag
18 Exploits R.© Atl. Salmon (1.9=3.8) 63.8

=T o T =

Southeast Alaska.
Alaska.
Hewfoundland.

Actual survival rate was 107%;

therefore,

loading error.

e
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Anonymous. 1954. The salmon problems associated with the
proposed, £floed control project eon the Okanagan
River in British Columbia, Canada. LR ) s
Fish & Wildl, Ser«,; The Wash:.: State Dept. of Fish.,
The DBeptiigfFish. ;. VAaneouver, BiC.prntanada.

AnNCcnymous. EBT 35 Pacific¢ Salmon: Population and Habkitat
reguirements. Task 162, Preliminary Rep. No. 16.
Canada-B.C. Okanagen Basin Agreement. Fish. Ser.,
Dept. of the Envir., Canada; Wash. State Dept. of
Fish. pp. 1-44,

Anonymous. 1374. Homathkeo River development - Fisheries
Resources & Concerns. Envirenment Canada, Unpub.
M.5., Pp. 1=19.

Lecara; A.H. and H.D. Smith. 1871. A technique for enumerating
kokanee salmen (Oncorhynchus nerka) fry migrating
threugh streams, with an appendix for processing
catch data by IBM 360 Fortran IV computer programs.
J; Fish: Res, Bd, Canada 28: 573-585.

A technigue for enumerating kokanee salmon {(Oncor-
hynchus nerka) fry migrating downstream was develcoped in
Meadow Creek (a tributary to the Duncan River and Kootenay
Lake, B.C.] and was used to obtain an estimate of 10.06
millicn kokanee fry in 1968. The hyperbolic relation between
the nightly mean catch per net per minute (C) and nightly
probable error (E) as the percent of the nightly total was

expressed:- by log Baw. ~0.5703, = 0.456E log Oy E was largest at the

beginning and end, and smallest at the peak of fry migration.
E was alseo caleculated as the percent of the seasonal total,
and in 1268 was 15.8%.. 0Of this total, #0.7% was accumulated
during: April; when 6.4% of the migration occurred; +3,9%

was accumulated in May, when 82.2% of the migratiﬂnvaccurred:
and, the fipal +1.2% was accumnlated in June, when 11.2% of
the migration occurred. The variability in abundance of i
and spacing of groups of fry are considered to be the most

important factors controlling the magnitude of error.

Some aspects of migratory behaviour of kokanee fry
in Meadow Creek were rewealed and their effects on estimates
of abundance are discussed.

A series of IBM 360 Fortran IV computer programs for
pProcessing catch data are also given in an appendizx.



Alexander, D. Ross, and Hugh R. MacCrimmon. 1974. Production
and movement of juvenile rainbow trout (Salmo
gairdneri) in a headwater of Bothwell's Creek,
Georgian Bay, Canada. J. Fish. Res. Board Can.

31: 117-121.

Within the 21,500 m® headwater, the standing popula-
tion of juvenile rainbow trout reached a high of 7.05 g/m
in October. Production was maximum during August at 1.77 g me.
Total annual production is calculated at 284.5 kg (13.2 g/m=<).
Spring emigrants (no less than 4830 fish weighing 69 kg)
were age I (91%) and age II. Minimum calculated ratio of
production to ¥ield as emigrants was 4.1:1. Comparatively
few age 0 fish emigrated during summer. Because of their
demonstrated capability to produce juveniles, sensitive
headwaters must be preserved from ecological disturbance to
assure self-perpetuating rainbow trout populations in the
Great Lakes.

Bams, R.A. 1970. Evaluation of a revised hatchery method
tested on pink and chum salmon fry. J. Fish. Res.
Bd. Canada 31: 1429-1452.

An artificial incubation method emploving filtered
river water and a gravel substrate was compared with natural
propagation in a test on pink (Oncorhynchus gorbuscha) and
chum (0. keta) salmon, at Hooknose Creek, King Island, B.C.
At time of migration, about 70% of the hatchery pink fry
were similar to the wild fry in stage of development; the
remainder were immature. A similar but less pronounced
difference occurred in the chum. Average rates of development
were the same in the hatchery and the creek for each species.
These two phenomena combined resulted in the hatchery fry of
both species migrating, on average, from 1 to 2 weeks earlier
than the wilda fry.

Growth during incubation was the same in hatchery
and creek, i.e., no loss of potential size occurred in this
hatchery environment. Surviwvals in the hatchery were higher
than in the creek, but were less than expected on the basis
of experiments carried out elsewhere. Hatchery pink fry
showed a lower wvariability in mean lengths and weights than
did creek fry, possibly in response to greater homogeneity
of the incubational environment. Chum fry from the last
part of the creek runs showed evidence of postemergent
growth in fresh water.

Bams, R.A. 1972. A guantitative evaluation of survival to
the adult stage and other characteristics of
pink salmon {(Oncorhynchus gorbuscha) produced by
a revised hatchery method which simulates optimal
natural conditions. J, Fish. Res. Bd. Canada
gi: 1151-1167.
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Cont*d.

To evaluate & hatchery method utilizing a gravel
medium and filtered water during incubation, comparisons
were made between naturally and artificially propagated parts
of one native stock of pink salmon (Oncerhynchus gorbuscha)
of the Tsclum River, B.C. ¥Yolk utilization (growth rate]
of fry was unimpeded in the hatchery environment, but hatchery
fry migrated sbaont 6 ‘days earlier than creek sEry. Hatcherxry
survival was about six times that in the ecreek. The main
test criterion - relative survival to the adult stage of
fish from both treatments following migration from the
creek - was tested by release of two similar groups of fry
identified by a double finclip and recovery of marked adults
upon return. Both groups survived at virtually the same
rate, Humbers of actual mark recoveries were adeguate to
demonstrate statistically that survival of hatchery fish
following release was not less than 90% of creek fry surviwal
and that the final gain ratio of the hatchery treatment was
noet less than 5.44 [P €£.005). Adult size, sex ratio, fecundity,
and timing were not adversely affeceted by the hatchery
treatment.

Bams, Robert A. 1974. Gravel incubators: a second evaluation
on pink salmon, Oncorhynchus gorbuscha, including
sdult refufnEsb JUURicholReg SBoard Can,. 31: 137310385,

A hatchery method designed for mass production of
unfed Pacific salmon fry and utilizing a gravel medium during
mest of the incubation period is being evaluated on
successive cycles of a stock of pink salmon, Oncorhynchus
gorkbuscha, of the Tsclum River, B.C. Possible treatment
effects are studied at emergent fry and returning adult
stages in artificially and naturally propagated populations.
Average growth rate and, hence; efficlency of yelk conversion
were unimpeded in the hatchery enwvironment, but fry emerged
1l days prematurely. Survival from green egg to emergent
fry averaged 74.9% in the hatchery and 20.6% in the creek,
for a gain ratio at emergence of 3.63., Recovery of selectively
marked populations of hatchery and creek fish demonstrated
almost identical survival rates from fry to adult stages and
a final gain ratic of 3.46. Adult lengths and weights,
fecundity, and timing of migrations were unaffected generally
by the hatechery treatment.

Bams, R,A. and K.S5. Simpson. 1576, Substrate Incubators

Workshop - 1976. Report on Current State-ocf-the-
Artia- FighitMariitgaxr,; Res. "Day,' 'Teghi Rep. No. BE8D:
87 P

Under auspices of the Salmonid Enhancement Program,
Department of the Environment, Fisheries and Marine Service,
Pacific Region, a 2-day workshop was held in June, 19276, at
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Vancouver, B.C., to evaluate the "state-of-the-art" of gravel-
ingubation methodology for FPacifiec salmon.

This report covers the main topies discussed at the
meetings under the following headings:  Basiec biclogical
regquirements in incubatien; Available options in substrate
incubation; Design criteria; Performance criteria ({(svystems
evaluation); Research Questions; Bibliography; and three
appendices listing details of construction, operation, and
evaluation of 28 projects emploving different substrate-
incubation technigques.

10 ; Banks, Joe, L., Laurie G. Fowler; and Joseph W. Elliott, 2 Hhe i
Effects of rearing temperature on growth, body form,
and hematology of fall chinook fingerlings. Prog.
Fish-Cult. 23+ 20-26:

I . Belding, David L. 192B. Water temperature and fish 1life,.
Trans. Amer. Fish. Socc. 58: 9B-105.

42, Bjornn, T.C. 1271. Trout and Salmen Movements in Two Idaho
Streams as Related to Temperature, Food, Stream
Flow, Cover, and Populatien Density. Trans. Amer.
Fish Soc. 100: 423-438.

Many juvenile salmon and trout migrated from the Lemhi
River drainage each fall-winter-spring periocd. Seaward
migration of anadromous trout and salmen normally occcurred
in the spring but pre-smolt anadromous and non-anadromous
fishes also left the stream usually beginning in the fall.
I compared data on temperature, food abundance, stream flow,
cover and population density with movements and ceonducted
field and laboratory tests to determine reascons for the
two types of movements. '

Smolts of the anadromous sSpecies migrated for an
obvicous reason but none cf the factors I examined appeared to
"stimulate or release" their seaward migration. Movement
frequently coinecided with changes in water temperature and
stream flow, but I could not establish a consistent causal
relatienship and concluded that photoperiocd and perhaps growth
must initiate the physiclogical and behavioral changes associ-
ated with seaward migration,

Hon-anadromous and pre-smolt anadromous species
emigrated from the streams for different reasons than the
smolts. I postulated that fish found the stream environment
unsuitable during the winter. Stream temperature declined
in the fall as fish began meving from the streams but I could
not induce more fish to stay in test troughs with 12°C water
versus troughs with 0-10°C water. Fish emigrated before



2. Cont"d.

abundance of drift insects declined in winter. Emigration
cccurred in spite of the relatively stable flows in both
streams. Population density modified the basic migration
pattern by regulating the number and percentage of fish that
emigrated and to a limited extent time of emigration.

Movements of non-smolt trout and salmon correlated
best with the amount of cover provided by large rubble substrate.
Subyearling trout emigrated from Big Springs Creek which
contained no rubble substrate but remained in the Lemhi
River which did. In both field and laboratory tests more
fish remained in troughs or stream sections with large rubble
substrate than in troughs or sections with ‘gravel substrate.
Trout and salmon in many Idaho streams enter the substrate
when stream temperatures declined to 4-6°C. A suitable
substrate providing adeguate interstices appears necessary
or the fish leave.

F3: BYornn, ‘T.¢., D.R. Craddack, and D.R. Corley. 1968.
Migration and Survival of Redfish Lake, Idaho,
Sockeye Salmon, Oncorhynchus nerka. 1%968. Trans.

Amer. Fish. Soc. o7 3@0=3TI

Most adult scockeye salmon returning to Redfish Lake
had spent two yvears in the ocean. Survival from smolt to
returning adult at the lake ranged from 0.14 to 1.83%. The
sex-ratio was nearly even.

Survival of sockeye in the lake from potential egg
deposition to smolt migration was usually less than 6%. In
at least one year, smolts originating from kokanee and/or
residual sockeye may have comprised a large proportion of
the migration, There was little relationship between egg
deposition and smolts produced.

Sockeye salmon smolts migrated from Redfish Lake
primarily from 1800 to 2400 hr. There was no consistent rela-
tionship between seasonal timing of the migration, lake ice
cover, temperatures or flow of the outlet stream. The role
of photoperiocd in timing of the migration and the parr-smolt
transformation is unclear.

Growth of juvenile sockeye in the lake was inversely
related to population density and age at migration was
dependent upon first year growth in the lake. More than
half the fish of a year class migrated as vearlings when
their mean length was more than B85 mm. When the mean length
of yearlings was less than 85 mm less than half the fish of
a year class migrated as yearlings.
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Black, Edgar C. 1953, Upper Lethal Temperatures of Some
British Celumbia Freshwater Fishes, J. Fish. Res.
Bd. Canada. 10(4): 196-210.

During the summers of 1950 and 1951 the upper lethal
temperature was measured for 14 species of freshwater fishes,
representing five families. The fish were captured from
lakes in the southern Okanagen Valley, and the experiments
were conducted in the Summerland Trout Hatchery, Summerland,
B.C. The upper temperature (9C) at which 50 percent of the
fish died in 24 hours was estimated as follows, the approximate
acclimation temperature being given in brackets: Salmo
gairdneri kamloops fingerlings, 24.0(1ll); Oncorhynchus
nerka kennerlyi fry, 22(11); Catostomu=s catostomus, 27(11.5)
26.6(14) ; Mylocheilus caurinus, 27(10}, 27.1(14}); Rhinichthys
falcatus, 28.3(14);: Richardsonius balteatus, 25(9-11),
27.6(14); Cottus asper, 24.1(18-19); Catostomus macrocheilus,
29.4(19); Micropterus salmoides, 28.9(20-21); Ptychocheilus
oregonensis, 29.3(19-22); Ameiurus melas melas, 35.0(23);
Perca flavescens, 26.5(18), 29.2(22-24); Lepomis gibbosus,
28.0(18) . :830.2(24); ;Cyprinusicarpio, A1=34(20)., 34 .7(26}.

Brett, J.R. 1945. The Design and Operation of a Trap for
the Capture of Migrating Young Sockeye Salmon.
Trans. Amer. Fish. Soc, 75: 27-104,

A means of obtaining young sockeye salmon,
Oncorhynchus nerka, during their seaward migration by use of
a netting fence and a central trap has been found successful
in the Lakelse Riwver, British Columbia. By operating at
the point of maximum width and minimum rate of flow, the
problems of current force and accumulation of debris were
overcome. Increased rate of flow into the trap, which
served to attract the fish, was obtained by use of a funnel
entrance. It was discovered that the size of the openings
of the trap must be such as to allow the entrance of schocls
of sockeye rather than individuals. These schools were
found to converge and enter the trap more readily through
slits in a horizontal plane than through those in a wertical
position.

Brett, J.R. 1250. A Study of the Skeena River Climatological
Conditions with Particular Reference to their
Significance in Sockeye Production. J. Fish. Res,
Bd. Canada 8(3):,178-187.

From an analysis of climatolegical conditions in
the Skeena River watershed no climatic wvariations or cyclic
trends which might account for a declining sockeye fishery
have been detected.
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Most of the area in which sockeye spawn has an annual
rainfall of less than 20 inches. A significant relation
between sockeye production and rainfall in the spawning
months of August and September was apparent for the years
1920 to 1934. While sucgessful prediction cannot be
anticipated, conserwvation through stream-level control is
supported.

Brett, J.R. 1951, Temperature Tolerance in Young Pacific
Salmon Genus Oncorhynchus. J. Fish. Res. Bd.
Canada 92(6): 265-309.

Brett, J.R. 1956. Some Principles in the Thermal Reguire-
ments of Fishes. Quart. Rev. Biol. 31(2): 75-87.

Brett, Jd.R. and D.F. Alderdice. 1958. The Resistance of
Cultured Young Chum and Scockeye Salmon to Tempera-
tures Below 0°C. J. Fish. Res. Bd. Canada 15(5):
805-813.

Recent efforts to establish Pacific salmon in Hudson
Bay posed the question of low temperature tolerance in
these species. A series of lethal temperature tests at
-0.5, =1.0 and -1.5°C demonstrated that resistance to
temperatures slightly below 0°2C was limited. Preezing of the
blood and agueous humour cccurred at temperatures of -1.0
and -1.5°C.

Brett, J.R. and J.A. McConnell. 1950.  Lakelse Lake Sockeye
Surviwal. J; Pish., Res. Bd. (Canada B{2): 103-110.

The number of young sockeye migrating seaward from
Lakelse Lake, B.C., wasg 557,000 (1946) and 373,000 (1247).
From seeding estimates in the parent years percent survivals
of 1.1 and 1.04 have been calculated.

Stomach analyses of 6823 squawfish caught by gill nets
in the late spring and summer months (1944-1947) show an
average fish content of 83% by volume. Of this total fish
content sockeye constitute 31%, The heavy losses in young
sockeye could be attributed to the feeding of predacious
fish and variation in sockeye survival may be a result cof
fluctuations in the abundance of "buffer" species.

Brett, J.R., ‘J.B. Shelbourn, -and CsT. Shoop. 1969, Growth
Rate and Body Composition of Fingerling Sockeye
Salmon, Oncorhynchus nerka, in relation to
Temperature and Ration Sigze. J. Fish. Res. Bd.
Canada 26: 2363-2394.
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The growth of young sockeye salmon (Oncorhynchus
nerka) was studied at temperatures ranging from 1 to 24°C

in relation to rations of 0, 1, 2,3, 4,5, and 6% of dry body

weight per day, and &t an "excess" ration. Optimum growth
occurred at approximately 15%¢c for the two highest rations,
shifting progressively to a lower temperature at each lower
ration. The maximum growth rate for sockeye 5-7 months old

was 2.6%/day; that for fish 7-12 months o0ld was l.6%/day.

At 1°C a ration of 1.5%/day was sufficient to provide for

a maximum growth rate of 0.23%/day. The maintenance ration

was found to increase rapidly abowve 12°C, amounting to 2.6%/day
at 209c. No growth took place at approximately 23%C

despite the presence of excess food.

Isopleths for gross and net food-conversion
efficiencies were calculated. A maximum gross efficiency
of 25% occurred in a small area with a center at 11.59C
and a ration of 4.0%/day; a maximum net efficiency of 40%
occurred within a range of 8-10°C for rations of 1.5%/day
down to 0.8%/day, the maintenance level,

Gross body constituents changed in response to the
imposed conditions, warying in extreme from 86.9% water,
9.4% protein, and 1.0% fat for starved fish at 20°C to
71.3% water, 19.7% protein, and 7.6% fat on an access ration
at 3SC

It is conecluded on the basis of growth and food-
conversion efficiency that temperatures from 5 to 17°C are
most favourable for young sockeye, and that a general
physiological optimum occurs in the vicinity of 15°cC.

Brett, J.R.,; M. 'Hollands, and D.F. Alderdice. 1958. The
Effect of Temperature on the Cruising Speed of
Young Sockeye and Coho Salmon. J. Fish. Res. Bd.
Canada 15: 587-605.

The cruising speeds of underyearling and yearling
sockeye and coho salmon were determined in a rotating
annular trough, for acclimation temperatures ranging from
1¢ to 249 ., Variation in swimming speed characterized the
first 40 to 50 minutes; subsequently a relatively steady
state was obtained.

Optimum cruising speeds occurred at 159C for
sockeye and 20°9C for coho. Maximum sustained levels fell
mainly between 1.0 and 1.5 ft. per second (30 and 45 cm.
PEr secy) .

Burner, Clifford J. 1951. Characteristics of Spawning
Nests of Columbia River Salmon. U.5. Fish. and
Wildl. Ser., Fish. Bull. 52(6l): 97-110.
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Burrows, Roger E. 1963. Water Temperature Reguirements for
Maximum Production of Salmen. Ppp. 29-35 1In
Proceedings of the 12th Pacific Morthwest Symposium
on Water Polluticn research. Pacific Northwest
Water Laboratory, U.5. Public Health Service,
Corvallis, Oregon.

Bustard, David R. 1973. Some Aspects of the Winter Ecology
of Juvenile Salmonids with Reference to Possible
Habitat Alteration by Logging in Carnation Creek,
Vancouver Island. Fish'. Res. Bd. Canada,
Manuscript Report Series HNo., 1277 pp. 1-85.

Cairns, John Jr. 1956. Effects of Heat on Fish. Industrial
Wastes. (May-June).  pp. 180-183.

Canada Department of Environment, Fisheries and Marine
Service. T3 "Minimum Flow Reguirements for the
Alouette River". Prepared by F.F. Slaney and Co.
Ltd.. for the Dept. of Envir., Fizh and Marine Ser.,
Pacific Region, Vancouver,. 24 p.

Canada Department of Fisheries and International Pacific
Salmon Fisheries Commission. 1955. A Report on
the Fish Facilities and Fisheries Problems related
to the Fraser and Thompson River dam site
investigations. Prepared in collaboration with
the British Columbia Dept. of Fish. and the
British Columbia Game Commission, Vancouver, B.C.

Carl, G. Clifford., 1939. Comparison of Cocho Salmon Fry from
Eggs Incubated in Gravel and in Hatchery Baskets.
Trans. ‘Amer, Fish. Sec. 63: 132-134.

Eggs of Coho salmon (Oncorhynchus kisutch)} were
planted in gravel, and placed in open and in covered
hatchery baskets in hatchery troughs to determine the
possibility of the production of differences in eye diameter
by incubation under the different conditions. No significant
difference was found between any two of the three lots. In
the gravel planting a number of eggs was unaccounted for,
which fact may explain the high rates of efficiency obtained
by basing estimates of losses in redds only upon the number
of dead eggs remaining in the gravel.

Chambers, Jehn S. 1955. Research related te the study of
spawning grounds in natural areas. Annual Report,
Washington Dept. of Fisheries to the U.S. Army
Corps of Engineers. North Pacific Division.
(Fish, Eng. Res., Program).



Chapman, D.W. 1962. Aggressive Behawvior in Juvenile Coho
Salmon as a Cause of Emigration. J. Fish. Res.
Bd. Canada 19(6): 1047-1080.

Large numbers of cocho fry (called nomads) move
downstream from shortly after emergence through early fall.
These fry are smaller than residual coho. Study of behavior
showed ccho to be aggressive and territorial or hierarchical.
Nomadic coho placed in stream aguaria barren of resident fish
tended to remain in the aguaria rather than continuing
downstream movement, while nomads added to resident groups of
coho were dominated by the resident dominant fish and tended
to leave the channels. Hierarchies were organized on the
basis of fish size, with larger fry having better growth
cpportunities. Peeding of cocho in excess of requirements
did not alter holding capacity of stream aguaria. Aggression
observed in natural stream areas was Ifrequent, probably
virtually continuous. HNomads transferred to natural stream
areas barren of other coho remajined there, while nomads
added to resident populations tended to mowve downstream. It
was concluded that aggressive behavior is one important
factor causing downstream movement of coho fry.

Chapman, D.W. 1965. HNet Production of Juvenile Coho Salmon
in Three Oregon Streams. Trans. Amer. Fish. Soc.
94: 40-52.

Het production of juvenile coho salmon was estimated
in three small streams in Oregon for 4 consecutive years.
Annual net production of coche was greatly different in the
4 years, but production per unit area was similar among
streams, averaging about 9 g}mz per year. No significant
differences were found among streams in production per unit
area for 14 months from emergence of fry one spring through
seaward migration the next spring. For 4 years biomass
averaged 5-12 g,,-"m2 shortly after emergence of fry, declining to
2-3 gfm2 by July and remaining at about 2-4 gfmz until
emigration of smolts in the following spring. In all years,
mean production declined from 1.9-2.8 g/m* per month after
emergence to 0.2-0.3 g;"m2 per month in winter, then increased
to 0.5-0.6 g/m" per month priocr toc emigration. Menthly
instantaneocus growth rates were highest shortly after
emergence of fry, declining until late winter, then increasing
just before smolt emigration. The mean monthly instantaneous
growth rate was about 0.19 for all streams and years. Yield
of smolts as seaward emigrants ranged fraom 18 te 67 per
100 m?., MNet production was 1.5 to 3.0 times greater than
yield as biomass of-smolts. WNet production of all fish in
one stream containing ccho, steelhead and cutthroat trout,
and cottids was estimated to be 16 g,a"m2 per yvear and comparcd
with- data from other waters. Relatively large freshets
appeared to cause large downstream movements of juvenile coho.
Downstream drift of postemergence fry and emigration of
yvearlings tended to bias estimates of growth and net production
in the residual populations.
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Chapman, D.W. 1966. Food and Space as Regulators of Salmonid
Populations in Streams. The Amer. Naturalist
100{913): 345-357.

Coble, Daniel W. 1961. Influence of Water Exchange and
Dissolved Oxygen in Redds on Survival of Steelhead
Trout Embrvos. Trans. Amer. Fish. Soc. 20: 469-474,

A field study of spawning gravel conditions affecting
the survival of steelhead trout (Salmo gairdneri Richardson)
embryos was conducted in two small streams in the Alsea
River Basin in Lincoln County, Oregon, from February to
June 1959. Holes 10 inches deep, approximating natural
redds, were dug in arbitrarily selected spawning locations.
Plastic mesh sacks containing gravel and 100 fertilized trout
eggs were placed in the upstream end of each hole. A stand-
pipe was placed in the lower end of seach excavation about
10 inches away from the eggs, and the hole was filled with
gravel to the streambed level. Periodically, determinations
were made of gravel permeability and of the apparent velocity
and dissolved-oxygen content of the intra-gravel water.

A month after calculated hatching times, the bags were

removed from the streambed, and the fry contained in them were
counted and preserved. The permeability of the spawning gravel
fluctuated while embryos were in the gravel. During this
pericd mean gravel permeabilities ranged from B0 to 400

meters per hour; apparent velcocities from 5 to almost 110
centimeters per hour; and dissolved-oxygen concentrations

from 2.6 to 9.25 milligrams per liter. Embryonic survival
rercentages ranged “from 16 to 632, There was positive
correlation between the apparent velocity of ground water

and embryonic survivals, and between the dissolved-oxygen
levels of the gravel water and surviwvals. Apparent velocities
and dissclved-oxygen concentrations were closely related in
the intra-gravel water, and effects of these factors could

not be separated.

Combs, Bobby D. and Roger E. Burrows. 1957. Threshold
Temperatures for Normal Develcopment of Chinock
Salmonid Eggs. " Prog. Fish-Cult. 19(1)r 3-6.

Cooper, A.C. 1977. Ewvaluation ‘of the Production of Sockevye
and Pink Salmon at Spawning and Incubaticn Channels
in the Fraser River System. Int. Pac. Sal. Fish.
Comm. Prog. Rep. No. 36.

A description is presented of each of the fiwve
spawning channels and one incubation channel operated by
the Commission. Details of survival from eggs deposited to
returning adults are presented together with the costs and
benefits.
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The six channels were built over the period 1960-
1974 at a cost of $1,682,000. PFive of them, costing 5921,000,
have produced sockeye and pink salmon with a landed wvalue of
$10,000,000 in this pericd. As utilization of these channels
increases to optimum lewels, it is expected that the average
annual landings will be doubled.

The construction of additional similar facilities g
as recommended by the Commission is considered fully justified.

311 Delisle, Glenn E. 1962, Water Velocities Tolerated by
Spawning Kokanee Salmon. Calif. Fish. & Game
48(1): 77-78.

is., Delisle, G.E. and B.E. Eliason. 1961. Stream Flows
Reqgquired to Maintain Trout Populations in the
Middle Fork Feather River Canvon. (Bubl.) State

of Calif,, Dept, of Fish & Game, Region II, Water
Projects HReport No. 2. pp. A=-1 - A-19.

39., piltl, L.M., and T.G. Horthcote. 12.70a. Effects of Some
Environmental Factors on Survival, Condition,
and Timing of Emergence of Chum Salmon Fry
(Oncorhynchus keta). J. Fish, Res. Bd. Canada
2 13 26301

In an experiment in incubation channels at Robertson
Creek, B.C., survival of chum salmon from planting of eggs
to emergence of fry was higher in large gravel (2-4 inches,
5.1-10.2 ¢gm} than in small gravel (0.4-1.5 inches, 1.0-3.8 cm).
Neither condition coefficient nor timing of emergence was
affected by gravel size. There were no significant effects
of egg burial depth (8 and 12 inches, 20.3 and 30.5 cm) or
density (50 and 100 per treatment) on condition coefficient,
or timing of emergence. :

40 . Dill, L«M. and TP.G. Morthoote . 1970k, Effects of Gravel
Size, Egg Depth, and Egg Density on Intragravel
Movement and Emergence of Coho Salmon (Oncorhynchus
kisutch) Alewvins, J. Fish. Res. Bd. Canada
2EETY: LLOk=3199.

In experimental aguaria with large gravel (3.2-6.3 cm),
vertical and lateral movements of coho salmon (Oncorhynchus
kisutch) alevins were more extensive and area utilized per
alevin was greater than in small grawvel (1.9-3.2 cm). At
low density (50 per aguarium) the alevins moved farther
towards the inlet, but the mean area occupied per alewin
was the same as that at high density (100 per aquarium).

Burial depths tested (20 and 30 cm) had no significant effect

on vertical or lateral movements or on area utilized per alewvin.
Alevin orientation in the gravel, survival to emergence, and
timing of emergence were not affected by any of the environmeatal
variables examined.
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Dodge, Douglas P. and Hugh R. MacCrimmon. 1971. 'Environmental
Influences on Extended Spawning of Rainbow Trout
(Salmo gairdneri). Trans. Amer. Fish. Soc.
100 5 53] 331 8.

Variations in discharge and water temperature
influenced movements of spawning rainbow trout between
Lake Huron and Bothwell's Creek. BAdults entered the
stream between 29 October and 15 May, with numerical peaks
in late December, and between 16 February and early April
following . major freshets and associated rising water tempera-
tures., Between 31 January and 13 February, during a period
of minimal stream discharge and low water temperatures to
0.3°C, no new fish entered the stream, but spent and spawning-
scarred fish mowved downstream, and disappeared after a mid-
February freshet. Spent trout of the later run moved down-
stream during late April and early May.

Spawning occurred first on 27 December in the upper
reaches at GDC, and by early January elsewhere in the stream.
Activity increased with rising water temperatures, peaking
during late March and early April at water temperatures of
6 .ta 89%C. ARborted attempts at spawning occurred on 2 June.
Viable eggs resulted from Degember and January spawning at
water temperatures of 0.3 and 2.0°cC.

Donaldson, Lauren R. and Fred J. Foster. 1240. Experimental
Study of the Effect of Various Water Temperatures
on the Growth, Food Utilization, and Mortality
Rates of Fingerling Sockeye Salmon. Amer. Fish.
Soc. 70: 339-346.

Experiments were conducted with sockeye salmon
fingerlings to determine the effect of warious wWwater tempera-
tures on the growth, mortality, anfl food conwversion of the
fish, Maximum tolerance temperatures were determined, as
were the optimum growth =zones, as found in Skaha Lake,
British Columbia, during the summer and fall months. The
experimental data tend to confirm the field observations that
young sockeye salmon have a preference for water temperatures
similar to those found near the thermocline during the summer
and fall months. The temperature of the surface laver of
water in the lake was too high for optimum growth, survival,
and efficient utilization of food.

Ellis, Derek V. 1966. Swimming Speeds of Sockeye and Coho
Salmon on Spawning Migration. J. Fish. Res. Bd4d.
Canada 23: 181-187,

The speed at which sockeye and coho salmon swim while
on spawning migration through a river was determined by
direct timing of individual fish over measured river sections
and by measurement of opposing water wvelocities. Migration
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was accomplished by two locomotory patterns; dart and steady
swimming. For steady swimming there was a critical opposing
water velocity from 1.1 to 1.7 ft/sec (mean 1.4 ft/fsec).
Against currents slower than the critical range steady
swimming to a maximum speed of approximately 3.4 ft/sec

{l.7 body lengths (L) /seq¢) was sustained through the
observation areas, but against currents faster than the
critical range salmon broke into position~holding behaviour
at interwvals, The calculated inter-decile range of swimming
speeds (excluding slowest 10% and fastest 1l0%) against water
velocities below the critical range was 1.75-3.18 ft/sec
(0.9-1.7 L/sec) for sockeye salmon and 1.70-3.14 ft/sec
(0,9=1,7 Lfsec) for coho salmon. These swimming speeds

were below maximum sustained wvalues which have been determined
experimentally.

Embody ; G.C. 1934, Relation of Temperature to the Incubation
Periods of Eggs of Four Species of Trout. Trans.
Amer., Fish. Soc. Ei: 281-292,

Everest, F.H. and D.W. Chapman. ko 72, *"Habitat "Selection and
Spatial Interaction by Juvenile Chinock Salmon
and Steelhead Trout in Two Idaho St¥eams. J. Fish.
Res, Bd. Canada. 29: 91-100,

During summer sympatric steelhead trout and summer
chincok salmon segregated in Crooked Fork and Johnson creeks.
In short-term allopatry, each species occupied the same
types of habitat as in sympatry. Most age 0 steelhead lived
over rubble substrate in water wvelocities and depths of
less than 0.15 m/sec and 0.15 m, respectively; most age 0
chinook lived over silt substrate in water wvelocities of
less than 0.15 m/fsec and depths of 0.15-0.3 m; most age I
steelhead resided over large rubble substrate in water
velocities of 0.15-0.3 m/sec (near bottom}) and 0.75-0.9 m/sec
(near surface) , and in depths of 0.6-0,75 m. As fish of esach
species became larger they moved into faster, deeper water.
Juvenile chinook and steelhead of the same size used the
same physical space. But steelhead spawn in spring and
chinook spawn in early fall, and disparate times of spawning
create discrete intra-and inter-specific size groups of
pre-smolts. The size differences minimize potential for
social interaction, both intra- and inter-specific.

Ferguson, R.G. 1958.  The Preferred Temperature of Fish
and their Midsummer Distribution in Temperate
Lakes and Streams. J. Fish. Res. Bd. Canada.
15: '607-624.
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Laboratory studies of preferred temperature with
yvallow perch (Perca flavescens) are compared with results
from 21 other speciles, These show that temperature, if
acting alone, can determine the distribution of fish in
laboratory apparatus. Factors such as light, conditioned
responses related to feeding routines, and social behavioux
can interfere with the expressicn of the response to tempera-
ture. Subdued lighting conditicns were necessary in the
experiments with Oncorhynchus, Salvelinus and Coregonus,
whereas full daylight was reguired in experiments with Perca
flavescens.

The level of thermal acclimation influences the range
of temperature preferred. In general the preferred tempera-
ture is considerably higher than the acclimation temperature
at low thermal acclimations, but this difference decreases
up to the final preferendum, where beoth coincide. The final
preferendum and the relation between acclimation and preferrc.d
temperature is characteristic for the species. The shape of
the resulting curve may have some wvalue in interpreting
observations of fish mortalities and distribution in nature.
The final preferendum of the vellow perch from the present
work was 24.29C, from other work using older fish it was
21 .05,

Summer field observations of yellow perch in Lake
Nipissing, Costello Lake and Opeongo Lake, in Ontario, showed
average thermal distribution of .19.7°%C, 21.09 and 21.2°C,
respectively. This agrees well with 20.8°C observed for
four Wisconsin lakes. Oxygen depletion reported for
Tennessee Valley reservoirs, distribution of primary prey
species of lake trout in NHew York waters, and other factors,
have been shown to modify the thermal distribution in
nature. Differential sex response to temperature may be
important in the perch. Field observations of thermal
distributions for other species are alsc presented.

A comparison of the laboratory and field data shows
good agreement with fish having colder final preferenda:
Salvelinus fontinalis, Salvelinus namavcush, Salvelinus
hybrid and Coregonus clupeaformis. Fish.with warmer final
preferenda, such as Micropterus szalmoides, Micropterus
dolomieu and Lota lota lacustris, showed higher temperatures
in the laboratory than was shown by field obhservations.

Young Perca flavescens showed similar results, but experiments
with older perch showed excellent agreement between laboratory
results and field obserwations. The lack of agreement between
laboratory results and field observations is attributed to

age differences; laboratory experiments being performed with
young fish and field observations being made on older fish.




Foerster, R.E, 1934. Fry Production from Eyed-Egg Plantitig.
Trans. Amer, Fish. Soc. 64: 379-381.

Foerster, "E.E. 1937. The Relation of Temperature to the
Seaward Migration of Young Sockeye Salmon {Oncorhynchus
nerka). J. Fish. ‘Res's Bd. Canada. 3(5): 421-438.

The period of seaward migration of young sockevye
from Cultus Lake each spring is inversely correlated with
temperature conditions prevailing during the months immediately
Preceding. Correlating temperature readings of the outflow
stream with date when twenty percent migration occurred, a
statistically significant correlation of -0.85 was obtained
for February and March and -0.77 for January to March. Using
air temperatures, coefficients of -0.91 for January to March
and -0.74 for February and March were found. Commencement of
migration coincides with vernal rise in lake temperatures.
Under normal conditions, with low winter minimum, there
appears to be a threshold migration temperature approximating
4.4°C (40°F) but in seasons when lake temperatures are not
depressed to this level a slight rise stimulates migration.
FProgress of migration is largely influenced by prevailing
weather conditions and their effect upon temperature trends.
Cessation of migration appears to be related to the setting-up
of a "temperature blanket™ which inhibits migration from the
lake of sockeye still resident therein. These latter,
showing small growth during their first year, remain in the
lake until the following spring and then are among the first
to migrate.

Foerster, R.E. 5L The Seaward-Migrating Sockeye and
Coho Salmon from Lakelse Lake, 1952. Fish. Res.
Bd. Canada, Frog. Rep, No. 93, Pac. Coast Stations,
pp. 30-32,

Foerster; R.E. and W.E. Ricker. B The Cocho Salmon of
Cultus Lake and Sweltzer Creek. J.: Pigh. Res. Bd.
Canada 10(&) : 293=319,

A few hundred to one or two thousand cohos enter
Cultus Lake each year, while the Sweltzer Creek population
below it is several times as large. "Iack™ “fage “TTY fish
usually predominate over older male cchos at the lake.
Spawning in the lake or in tributary streams above vields
downstream migrations of some hundreds of fry and, a vear later,
up to a few thousand vearling smolts. These, on the average,
amount to 0.13 percent of eggs in spawners, or only 3 smolts
per female. This does not suffice to maintain the ecche run
into the lake, which is, therefore, heavily recruited from
creek-bred fish each vyear. There are also a very few age-I11
seaward migrants, which largely return from the sea the same
YEAr. Of vearling amolts marked in 1927, 8 percent returned
te the lake after one and a half vear's absence.
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A large fraction, probably the majority, of vearlings
produced in the lake fail to migrate from it and live there
into their second or third year of life. They &are readily
taken by trolling or netting in the autumn of their second
year and in the winter and spring of their third. Maturing
fish of ages II (males) and III (both sexes) have been taken
but they are scarce. For this or other reasons production
of young by lake-resident cohos is negligible, or perhaps
altogether lacking.

Garside, E.T. 1966, Effects of Oxygen in Relation to
Temperature on the Develeopment of Embryos of
Brook Trout and Rainbow Trout. J. Fish. Res. Bd.
Canada 23(8): 1121-1134,

Griffiths, J.58. and D.F. Alderdice. TR Effects of
Acclimation and Acute Temperature Experience on the
Swimming Speed of Juvenile Coho Salmon. J. Fish.
Res. Bd. Canada 29: 251-264.

Swimming performance of juwvenile coho salmon
(Oncorhynchus kisutech), 7.5-9.5 cm in total length, was
investigated in a stamina tunnel, generally at 3°C intervals
of temperature owver the range of thermal tolerance.

Optimum (ultimate maximum) performance (5.8 lengths/
sec) occurred at a combination of acclimation and test
temperatures near 20°C. A declining ridge of sub-optimum
performance (test temperature ridge) was found at acclimation
temperatures below 209C; maximum performance at each
acclimation temperature level was found on the ridge at
test temperatures higher than those of acelimation.
Conversely, maximum performance at given test temperatures
cccurred on a second ridge (acclimation temperature ridge)
at acclimation temperatures near those of testing. There
was an apparent shift in location of the acclimation
temperature ridge, indicative of seasonal performance
compensation and improved capacity to perform at low
acclimation temperatures during the winter period. At test
temperatures below 5°C, maximum performance occurred at
acclimation temperatures of about &6-8%9cC, Lowest performance
within the zone of thermal tolerance was associated with
acclimation and test temperatures of 2°C.

Groot, C. 1972. Migration of Yearling Sockeye Salmon
{Cncorhynchus nerka) as Determined by Time-Lapse
Photography of Sonar Observations. J. PFPish. ERes.
Bd. Canada 29z 1431-1444.
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The seaward migration of sockeye salmon smolts through
the Babine Lake system to its outlet was examined by taking
film records of the Plan-Position-Indicator display of a
high-fregquency sonar whereby each frame of film was exposed
during one scan of the sonar unit. Frame-by-frame analysis
of the films revealed information on =peed, direction, and
diurnal timing of migration of sockeye smolts during a
24-hr. period.

Migratory activity in the lake centered around
dusk and dawn, a similar pattern to that near the outlet for
smolts entering the river on their way to sea.

Speeds of movements were 19-51 cm/sec (mean 30 cm/sec).
Greatest velocities occurred at dusk and dawn,. They were close
to the maximum sustained swimming speeds determined under
laboratory conditions for sockeye smolts of the same size
and within similar temperature ranges as in the field.

The most direct movements of targets were found at
twilight, when migration activity was highest. In general,
directional tendencies were consistent with the shortest
route to the outlet. In some observations near the junction
of Main Lake and Morrison and North arms, movements were
observed which would lead the smolts away from the outlet.
Consequences of such movements are discussed and compared
with data from tagging operations.

Hamilton, Roy. 1974. Water Reguirements for the Fisheries
Resource of the Deadman River. Internal Report
Series No. PAC/1-T74-1, pp. 1-=14. {(Publ.) Southern
Operations Branch, Pacific Region, Environment
Canada, Fisheries and Marine Service.

Hart . J.5L. 1973. Pacifiec Fishes of Canada, Bulletin 180,
Fish. Res. Bd. Canada.

Hartman, G.F. 1965 The Role of Behavior in the Ecology and
Interaction of Underyearling Coho Salmon
(Oncorhynchus kisutch) and Steelhead Trout (Salmo
gairdneri).  J. Fish. Res. Bd. Canada. 22: 1035-1081.

Two similar salmonids, coho and steelhead, cohabit
many coastal rivers of British Columbia. Field collections
reveal that the distributions of underyearling coho and
steelhead are similar along the length of these streams.
However, the micro-distribution of the two species is
different. In spring and summer, when population densities
are high, coho occupy pools, trout occupy riffles. In autumn
and winter, when numbers are lower, both species inhabit the
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pools. "Nilsson (1956) stated that segregation (such as

that shown by ccho and trout in spring and summer} may be
indicative of competition resulting from similar ecelogical
demands. To test this hypothesis the distribution and behavior
of coho and steelhead were compared in a stream aguarium at '
different seasons with gradients of light, cover, depth

or depth/velocity, and in experimental riffles and pools.
Distributions and preferences of the two species in the
experimental environments were most similar in spring and
summer, the seasons when segregation occurred in nature,

and least similar in autumn and winter, the seasons when the
two species occurred together in nature. Spring and summer
segreqgation in the streams is probably the result of inter-
action which occurs because of similarities in the environ-
mental demands of the species and which is accentuated by
dense populations and high levels of aggressiveness. The
species do not segregate in streams in winter because certain
ecological demands are different, numbers are lower, and
levels of aggressiveness are low. When the two species were
together in the experimental riffle and pool environment,
trout were aggressive and defended areas in riffles but

not pools; coho were aggressive in pools but less inclined

to defend space in the riffles. These differences ‘in
behavior probably account for the distribution of trout

and coho in natural riffles and pools.

The data support the basic contention of Nilsson
(1956) and illustrate the role of behavior in segregation
produced by competition for space.

Hartman, Wilbur L., Charlesgs W. Strickland; and David T. Hoocpes.
19s2. Survival and Behavior of Sockeye Salmon
Fry Migrating into Brooks Lake, Alaska. Trans.
Amer. Fish. Soc. 91: 133-139,

This paper describes the behavior of sockeye salmon
(Oncorhynchus nerka) during their migration from stream
spaWwning gravels to lake nursery areas. Fry were negatively
rhototactic, socught holding areas along stream banks during
daylight hours, and eonly left holding areas and gravel to
migrate during the darkest hours of the night. Fry migrated
as individuals, facing downstream, and usually exhibited
swimming movements. Certain features of the migratory
behavior are discussed in terms of survival wvalues in the
face of intense piscivorous predation.
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Hartman, W.L., W.R. Heard, and B. Drucker. 1267, Migratory
Behavior of Sockeye Salmon Fry and Smolts,
J. Fish. Res. Bd, Canada. 24(10): 2069-2099.

Considerable new data on the characteristics of
sockeye fry and smolt migrations, direct underwater cbserva-
tions of migrating smolts, and a review of the literature
are presented here with a synthesis, evaluation, and
interpretation of possible survival advantages of these
rhenomena. Most fry migrations from spawning areas to
nursery lakes take place in the spring, when harsh winter
conditions in lakes are moderating and the growing season
is- beginning. Smolt migrations to salt water closely follow
spring breakup pof the ice and warming of the lake water. The
time of smolt migration is correlated closely with latitude:
migration is earlier in southern streams than in northern
streams. The duration of seasonal migration appears to be
strongly related to travel distance to the trunk river cutlet.
The smeclt exodus is rapid and regular in single=-lake
systems but irregular and extended in multilake or multi-
basin systems. The frequency distribution of smolts
migrating from two-lake or two-basin systems is usually
bimodal. Most migrations commence as water temperatures
near 40°F and are over when temperatures approach 50°9F,
Migrations of smolts and especially fry are mainly confined
to the darkest hours of the night. In general, in any one
season, the oldest and largest smolts in each age-group
migrate first. Other factors, such as the thickness of
the ice, effectiveness of sclar radiation in melting ice
and warming water, and daily weather (including sunlight
and wind)}, also influence seasonal and diel migration
patterns., Underwater observations of smolts at night during
migration show that they are schooled, trawvel in the upper
water lewvels in shallow riwvers and deeper (but not near the
bottom) in deeper rivers, and usually face deownstream and
swim as they migrate. During migrations, fry and smolts are
both often subjected to a depensatory mortality from
intense predation by birds and fish. A factor disproportion-
ately affecting different smolt populaticns is the length
and numbher of restricted passages, along the route to the
ccean. Smolts migrating in multilake systems must encounter
heawvier predaticn than smolts migrating from single-lake
systems. Predation is probably minimized en route because

of innate migratory behavior patterns. Exceptions to the

general migratory behavior of fry and smolts are described
to show the wide range in behavioral response to wariable
environment situations.

Heard, Williams R. 1 A Spawning Behaviocr of Pink Salmon
on an Artificial Spawning Redd. Trans. Amer.
Fiasli, Sae: HDl: 276=-283,

The spawning behavior of pink salmon (Oncorhynchus
gorbuscha) was observed and photographed through a glass
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viewing port in the bottom of an artificial redd in an
observation tank. Females readily accepted the artificial
redd and completed the normal prespawning behavior sequences,
including redd defense, digging and crouching, but d4id not
complete the spawning act and extrude eggs. Males, however,
frequently followed the courtship segquence through to milt
ejections. In 14 incomplete spawning acts, milt was ejected
by males but eggs were not released by females. Seven

aof these acts involwved the same male, over a 9-day period.
Failure of females to extrude eggs was attributed to some
unknown limiting physical condition of the redd or tank -
possibly the smooth surface of the wviewing port in the

redd.

&0 . Held, John H. 1969, Effect of John Day Reserveoilir on
Migration Rate of Juvenile Chinook Salmon in the
Columbia River. Trans. Amer. . Fizh. Soec.
98: 513-514.

6l. Higgins, R. 1970. Biological Studies on the Marble River
Watexrshed in 1970. (Pukl.)] Dept. of Environment,
Fisheries COperaticons, Pacific Regional Library,
1090 W. FPender S5t., Vancouver, B.C. VaE 2P1.
Bps - ="3T

G2. Hoar, William 5. L S The Behavior aof Chum, Fink and Coho

Salmon in Relation to Their Seaward Migration.
J. Fish. Res. Bd. Canada. 8(4): 241-263.

In fresh water, chum.and pink salmon fry form schools
or mills, are constantly active both day and night, show
positive rheotaxis and move into fast water. This activity
takes them into the swiftest currents. At night loss of
visual and contact stimuli reduces the intensity of the
rheotactic response and results in downstream movement. An
active swimming downstream occcurs only with unusually high
temperatures. Coho salmon frv occcupy and defend territory,
maintain definite positions in relation to particular objects
in their environment, show a less marked tendehcy to move
into fast water and are guiet at night. They are thus
displaced downstream to a much lesser degree. Coha smolts,
in ceontrast to the fry, demonstrate a lowered threshold for
stimulation both day and night, a tendency toc aggregate
and a lessening in territory behavior,. During the day
smolts group in deeper water or under cover. At night they
rise to the surface and manifest seaward. PFronounced
changes in temperature modify these reactions. Sudden eleva-
tion of water levels hastens the downstream displacement.
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Hoar, William S. 1954, The Behavior of Juvenile Pacific
Salmon with Particular Reference to the Sockeve
(oncorhynchus nerka). J. Fish. Res. Bd. Canada.
11(1): 69-97,

Behavior patterns of juvenile sockeye salmon in
fresh water are compared with those of chum and coho salmon.
Both sockeye and chum fry are schooling fish, responding
positively to currents and aveoiding shallow waters, 0f the
two speciles, chums, however, form more active schools,
travel more rapidly, hawve a less marked cover reaction and
prefer stronger light and shallower water. Sockeye smolts,
in contrast teo coho smolts, are more active, show little
thigmetactic and territorial behavicr and a more persistent
response to current. The experimental findings are
discussed in relation to the migratory behavior of these
fish. I+ is suggested that sockeye fry, emerging from
cover as the light intensity falls are displaced downstream
after dark. Moderate activity and a marked preference for
deep water are mechanisms postulated for continued residence
of sockeye fry in lakes. Further it is suggested that the
smolt exodus is due to heightened general actiwvity, both
day and night, associated with strong response to current.
This brings sockeye smolts into the outflow from the lake
where they hold position during the day but are displaced down
the river after dark. Coho smolts, responding less wvigorously
to currents and maintaining a measure of contact with
specific objects in their environment, move seaward more
slowly than sockevye.

Hoar, William 8. 1256. The Behavicor of Migrating Pink and
Chum Salmeon Fry. J. Fish, Res, Bd. Canada.
T3(3) s 309-325.

Pink salmon fry which hawve never schooled are
negatively phototactic, prefer a cover of stones and do not
emerge into bright light. Those which have schoocled show
a strong cover reaction when exposed to a rapid increase
in light intensity but do not seek cover unless the change
is abrupt. In general they remain in bright light after they
have schooled. This change in behavior occurs rapidly
(15 minutes or less) when the fry school for the firset time.
Chum salmon fry establish a definite direction of swimming
in the guiet water of a circular channel or basin. The
established direction is stable and not permanently disturbed
by light or darkness, by water currents, by strong avoiding
reactions, by changing the location or by excluding direct
sunlight. The direction may be initially established in
relation to water currents.

Hooper, Douglas R. 1973. Ewvaluation of the Effects of Flows
on Trout Stream Ecolegy. Pac. Gas and Electric Co.,
Dept. of Engineering Res., Bmerville, Calif,, 94608,
S 2kt O :
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Hoopes, David T. 1972, Selection of Spawning Sites by
Sockeye Salmon in Small Streams. Fish. Bnll.
70(2): 447-458.

Hourston, W.R. and D. MacKinnon. 1856. -~ Use of an Rrtificial
Spawning Channel by Salmon. Trans. Amar. Fizh.
Soc. B6: 220-230.

Investigation of effect of a proposed hydro-electric
development on the salmon spawning grounds in Jones Creek,
British Columbia in 1949 indicated spawning areas would be
so affected that only a small portion of existing runs could
be maintained. Methods for preserving the run were suggested
and cone selected that involwved the construction of an artificia
spawning channel capable of supporting the existing run with
provision for controlling the flow in the channel and by-
passing surplus flows.

Behavior studies of pink salmon (Oncorhynchus
gorbuscha) and chum salmen (Q. keta) spawning in the channel
were made in 1955 and the surviwal from egg to fry was
determined in 1956 when there was surwvival of 37 percent
of the 428,000 pink salmon eggs calculated to have been
available for deposition and 30 percent of the 251,000
chum salmon e¢ggs calcoculated to have been awvailable for
depesition.

Hunter, J.G. 1948. Natural Propagation of Salmon in the
Central Coastal Area of British Columbia. Fish.
Res. Bd. Canada =- Prog. Rep. No. 27, Pac. Coast
Statiens,! pp. 1L05~106.

Hunter, J.G. 1949 Natural Propagation of Salmon in the
Central Coastal Area of British Columbia. II the
1948 Bun. Fish. Res. Bd. Canada - Prog. Rep. HNo.
0y Pady Coas® Stabtions, DPH. 3384,

Hunter, J.G. 1959, Survival and Production of Pink and
Chum Salmon in a Coastal Stream. Jd. Fish. Res.
Bd. Canada. 16({6): 835-886.

A study of the propagation of pink and chum salmon
in the central coastal region of British Columbia was made
for the years 1947 to 1956.

Timing, distribution and movement of the adults and
fry are discussed. The effects of temperature, stream
discharge, sex ratio and population density were considered
in relation to surviwal of egg to fry. Within the limits
observed, temperature, stream discharge and sex ratio were
not affecting the population perceptibly, but population
density was an important factor. The density of spawners in
pPreceding years also affected the surviwval in subsequent yvears.
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Predation was an important factor in keeping the
fry ocutput low: the number of fry consumed was approximately
500,000 during each migration.

Ocean survival, including the effect of fishing
mortality, ranged from 5.2% down to 0.7% for pink salmon,
and from 2.6% to Q.85% for chum salmon. ©Qcean survival for
pink salmon before fishing mortality occurred ranged from
10. 8% down o’ 1U0%5

Combination of freshwater and ocean survival rates
indicate that a wvariation up to 1920 times the lowest rate
recorded is possible.

Tl Javaid, Yagub M. and Jochn M. Anderson, X i Influence of
Starvation on Selected Temperature of Some Salmonids.
. Fish.® Res, B&: Canadas 24({%): 1515=1519.

The selected temperature for Atlantiec salmon and
rainbow trout, as determined in a horizontal gradient,
increases with acclimation temperature over the acclimatien
range 5-20°C for salmon and 10-20°C for trout. The final
preferendum for salmon is about 17°C. The results for
rainbew trout suggest that the type of gradient used, i.e.,
vertical or horizontal, has a marked influence on the
experimentally determined relation between acclimation
temperature and selected temperature.

At Johnson, Harlan E. and Richard F. Brice. 11 At [ Effects of
Transportation on Green Eggs, and of Water
Temperature During Incubation, on the Mortality of
Chinook Salmonm. @ Prog. Fish=Cult. 15: 104-108.

T73. Johnson, W.BE. and:C. Groot. Iss3. Observations on the
Migration of Young Sockeye Salmon (Oncorhynchus
nerka)l Through a Large, Complex Lake System,.

J., Pish. Res, Bd., Canada. 20(49¢. 919-238,

The seaward migration of sockeye salmon smolts
through the Babine Lake system to its outlet is examined
by extensiwve tagging, direct observations and experimental
orientatien tests. The migration appears bto bea wall-
oriented, non-random movement; it apparently commences from
all lake regions at about the same time, suggesting a common
triggering stimulus. When migrating, the smolts swim at a
speed of 0.65 to 1.0 feet per second. The migration appears
to take place primarily at near-surface depths; diurnally,
most of the migration activity appears centered around the
evening dusk pericd. There is a consistent increase in
rate of travel as the season progresses; in large part this
appears a result of increasing migration driwve. DElentation
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tests with a view of only the sky show the smolts capable

of time-compensated orientation in relation to celestial
phenomena, and such tests at various points along the
migration route show the preferred direction of smolts to
correspond with the direction of most direct route to the
cutlet. Mo=t smolts in the system show a constant preference
for the northwesterly direction which would lead them rather
directly to the outlet. However, one group which in the course
of its migration to the outlet must make a 180° turn clock-
wise from southeast to northwest is found to have a corres-
ponding shift in directional preference with time. Simple
one-direction orientation, in one case shifting with time,

is sufficient to accoupnt for ability to find the outlet.

A positive relation is shown between rate of travel and
tagged smolts and the hours of sunshine on days subsequent

to their release.

Kerns, Orra E., Jdr., and John R. Donaldson. 19&8.
Behavior and Distribution of Spawning Sockeye Salmo:
on Island Beaches in Iliama Lake, Alaska, 1940,
J. Fish. Res. Bd. Canada. 25(3): 485-494.

In 1965, spawning was studied on the island beaches
of the eastern part of Iliama Lake from a 5.5-m tower mounted
on a 9.1-m boat and with the use of scuba. Over 3 million
sockeye salmon (Oncorhynchus nerka) (Walbaum), utilized
nearly 130 ha of the beaches surveyed during the pericd
August 8-21. The total spawning population and utilized
area of shoreline of all the islands in the lake were greater
since each area was surveyed only once and possible multiple
waves of spawners were not taken into account, and ncot all
of the island shoreline was surveyved by the above methods.
The salmon generally spawned in dense groups, over immovable
rock, in exposed areas with no upwelling ground water, and
with little display of territorial defense. Density ranged
from less than 0.1 fish to mdére than 5 fish per 0.84 m?

(1 yardzl. The latter density prevailed on reefs and outside
points of the islands. Seventy—-three percent of spawning
took place over bottom with irregular rocks from 102 to

305 mm (4-12 inches) in diam. and over 90% at depths from

2 to € mm {€6-20 f£ft.) on bottom with slopes from 15 to 259,
Commonly, in a group of fish, cne or more of the females were
seen with their wvents down in reck interstices, emitting eggs,
while the males in close proximity were observed releasing
milt. Eggs on the beaches are probably aerated by wind-
generated lake currents and seiches. 0f 3553 eggs collected
from several island beaches, 6.8% were infertile.

Several features of the spawning behavior and
environment are favourable to the survival of eggs and fry.
The bottom 1s not scoured. Most eggs are deposited between
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immovable rocks and are thus not disturbed by subsequent
spawners. Fry emerging from the beaches have immediate
access to the large food supply in the lake. Some hazards
are predation on eggs by fishes, freezing, and ultraviolet
radiation of eggs in shallow water, and smothering of eggs
in areas with a high density of eggs or algal growth.

e Lister, D.B. and C.E. Walker. 1966, The Effect of Flow
Contrel on Freshwater Survival of Chum, Coho, and
Chinook Salmon in the Big Qualicum River. Can.
4R ORlt, 34 "3agh.

76 . Lister, D.B. and H.S, Genoe, 1970. Stream Habitat Utiliza-
tion by Cohabiting Underyearlings of Chinook
(0. tschawytscha) and Coho (0. kisutch) Salmen
in the Big Qualicum River, British Columbia.
J. Fish. BRes. Bd. Canada. 20 1215-1324,

Habitat distributions of chinook and cocho salmon
underyearlings in the Big Qualicum River, Vancouver Island,
B.C., under controlled folow conditions indicated that at
similar sizes their habitat reqguirements during the first
3 months of stream life were similar. Just after emergence,
fry of both species occupied marginal aresas in association
with bank cover. With increased size, the young fish moved
into habitat of progressively higher wvelocity. However,
differences between the species in time of emergence and
size evidently resulted in a high degree of spatial segregation.
Chinook fry emerged about a month earlier than coho, were larger
upon emergence, and grew at a faster rate. Apparently,
because of their larger size at & given time, chinook
preferred higher wvelocity locations than coho.

R Lohg, Cliftord 2. 1968. Diel Movement and Vertical
Distribution ©f Juvenile Anadromous Fish in Turbine
Intakes. Fish, Bull. E6(3): 599-609.

78. MacKinnon, D. 1960, A Sucgcessful Transplant of Salmon
Eggs in the Robertson Creek Spawning Channel.
Ean.. FPish. Swle. Woo 390 pp. 1=-7.

A relatively large-scale eved egg transplant of
pink salmon inte & newly-constructed spawning channel
produced a fry cutput of 25% (21% of the number of eggs
taken from fish). This extremely high survival i= credited
to near optimum conditions in the channel.

79, MagKinnon, D, and J.R. Brett. 1955. Some Observations on
the Movement of Pacific Salmon Fry Through a Small
Impounded Water Basim. J. Fisdh. Bes. Bd. Canada.

d3{3): 362-368.
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A small-scale field experiment was conducted to
investigate the migration of Pacific salmon fry through an
impounded water basin, 2.4 acres in area. Fink, c=hum, coho;
spring and sockeye fry were released at the upstream end.
During nine days of operating a trap placed below the cutlet
dam, only pink and chum fry appeared. One-quarter of the
total of these latter species moved through the impoundment
and were recaptured. The migration of the fry was mainly
confined to a period 1 1/2 hours after sunset to 1 1/2 hours
before sunrise. The rate of migration of fry through the
impoundment differed significantly from the movement of
floats also released above the basin.

MacKinnon, Dixon and William 5. Heoar. 1953, Responses of
Coho and Chum Salmon Fry to Current. J. Fish. Res.
Bd. Canada. 10(8): 523-53B.

Chum and coheo salmon fry respond positiwvely to
changes in water flow by swimming against the current. The
magnitude of the response varies with the intensity of the
current. Currents eliciting optimum response differ for
the two species. Both species respond to the stronger of
the two parallel laminar currents but, after a time, cecho
fail to discriminate between small differences while the chums
move continuously into the greater flow. Ho evidence of
adaptation is apparent in a two-hour period with rapid
complex turbulences. In turbulent water coho fry make a
sharper initial response than chum fry but do not seem to
maintain the peak response over as wide a range of turbulences.

Maher, FP.P, and P.A, Larkin, 1954, Life History of the
Steelhead Trout of the Chilliwack River, British
Calumbia. Trans: Amer, Fish. S5oc, 84: 27-38.

Nearly B00 scale samples submitted by anglers were
used to investigate features of the life history of steelhead
trout (Salmo gairdneri gairdneri) from the Chilliwack River,
a tributary of the Fraser River néar Vancouver, BEritish
Columbia. After criteria for scale reading were established,
data on age, fork length, sex, month and vear of capture,
previous spawning history and lengths at nrevious ages were
treated statistically. Age groups are so designated as to
indicate the amount of time spent in the river and in the
ccean; thus 2/3 refers to fish that were 2 years in the
stream and 3 in the ocean. Age composition of adult runs
of steelhead trout tended to be uniform from year to year.
The four major types of life history were: fish spending 2 or
3 years in fresh water and 2 gr 3 years in salt water. DNo
correlation existed between the numbers of yvears spent in
fresh water and in salt water. Length at maturity was
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determined by the number of years in salt water. There was
no tendency for fish of any particular age, length, or sex to
return to fresh water at any particular time of year.

Sixty percent of voung steelhead trout migrate to salt water
in the spring months as age 2 at an average length of 16,49
centimeters. Thirty-five percent go seaward as age 3 at an
average lengtih of 19.95 centimeters, A few smolts remain in
fresh water until late summer. These and other findings are
related to management of steelhead trout for sport fishing.

82, Mains, J.E. and J.M, Smith. L9555 . Determingtion of the
Normal Stream Distribution, Size, Time, and Current
Preferences of Downstream Migrating Salmon and
Steelhead Trout in the Columbia and Smake Rivers,
in: Progress Report on Fisheries Engineering Research
Frogram, MNorth FPacific Division Corps Engineers,
U.5. Arny, B L&=29.

B3. Mason, J.C. and D.W. Chapman: 1985, Significance of Early
Emergence, Environmental Rearing Capacity, and
Behavicral Ecology of Juvenile Cocho Salmon in
Stream Channels. J. Fish. Res., Bd, Canada.
50 L O e o

Coho behavior was examined in two glass-walled
stream channels containing riffle-pool series. The apparatus
permitted weolitional residence. Experimental groups of coho
in each channel were permitted to emerge from a simulated
redd environment and subsequently studied for 5 months.

Aggressive behavior in thesze coho fry was initiated
within 1 week of emergence from the gravel. Within 10 davys
cf emergence, coho occupied and defended feeding territories
well-distributed in riffles. 1Initial aggression Wwas nipping
and chasing but within 2 weeks of emergence, aggression also
involved threat.

Pools appear teo constitute principal security
features of coho environment. A behavioral pattern termed
"fright huddle" was cbserved and described. Indiwvidual
fish developed habitual living patterns in the channels,
and smaller fish tended to occupy downstream areas.

Earliest-emerging coho enjoved ecological advantages
over later-emerging fish, The former were larger at a giwven
time and had a greater tendency to remain in the stream
channels, suggesting that thay have "settler's rights". to
available environment and/or better feeding ocpportunity.

The results are discussed with reference to environmental
rearing capacity and wvolitional residence.
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Mattson, Chester R. 1948. Spawning Ground Studies of
Willamette River Spring Chinook Salmon. Oregon
Fish. Comm., Res. Briefs, 1(2): 21-32.

Meehan, William R. and Donald B. Simiff. ¥aeld. A Study of
the Downstream Migration of Anadromous Fishes in
the Taku River, Alaska. Trans. Amer. Fish, Socc.
91: 399-407.

A modified scoop trap was designed and constructed
to sample downstream-migrant juvenile salmon in the Taku
River, a turbid river in southeastern Alaska. A sampling
program was designed to determine the behavior of these
migrants with respect to their seascnal and daily timing,
the =ize and age compeosition of the various species, and
the correlation between certain of these biocological measure-
ments and the physical characteristics of the environment.
The length-weight relationships and condition factors of
chinook, coho, and sockeyve smolts were determined; differences
in these relationships by week and by time of day are
discussed.

Monan, Gerald E., Robert J. MeConnell, John RE. Pugh, and
Jim R. Smith. 1969. Distribution of Debris and
Downstream-Migrating Salmon in the Snake River
Above Brownlee Reservoir. Trans. Amer. Fish. Soc.
98: 239-244,.

The distribution of chinook (Oncoerhynchus tshawytscha)
and ccho (0. kisutch) salmon migrating downstream and the
weight and vertical distribution of warious types of debris
were studied above Brownlee Reserwvoir in the Snake River
during the spring and early summer of 19864. Electrified
fyke nets were used in the fish sampling.

Salmon and debris were present simultaneously and
were distributed throughout the cross-section of the river.
Most of the salmon were in the upper 2.4 m of water, although
appreciable numbers migrated at all depths; more migrants
were in esach of the two outer thirds ‘of the river than in
the middle third. Large guantities of debris, which repre-
sented a wide range of materials from algae to parts of
buildings, were distributed throughout the riwver.

To effectively collect most of the salmon migrating
downstream, the entire water mass will need to be strained
by s=ome method which has the capacity to cope with large
gquantities of debris.

Mundie, J.H. 1968, Ecological Implications of the Diet of
Juvenile Coho in Streams. (Publ.) Fish. Res. Bd.
Canada, Biological Station, Nanaimo, British
Colambia. pp. 135=3152,
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McCauley, B.W. and W.L. FPond. 5 T o Temperature Selection
cf Rainbow Trout {(Salmo gairdneri) Fingerlings in
Vertical and Horizontal Gradients. Fi Eigh.
Res. Bd. Canada. Eﬁ: 1801=-1804, L

Preferred temperatures of underyearling rainbow
trout (Salmo gairdneri) were determined in both vertical and
horizeontal temperature gradients. HNo statistically significant
difference was found between the preferred temperatures by
the two different methods. This suggests that the nature
of the gradient plays a lesser role than generally beliewved
in laboratory investigations of temperature preference.

McColley, C. 1833, The Spawning Migration of Rainbow
Trout. Trans. Amer. Fish, Sogc. £83: 80-84.

McDonald, J.E.,; ed. 1978, Salmonid Enhancement Program
o I B e £ Fish. Mar. Serv. Ann. Rep.

McDenald, J.G. 1960. The Behavior of Pacific Salmon Fry
During Their Downstream Migration to Freshwater and
Saltwater Hursery Areas, J, Pish,., Res. Bd. Canada.
LISy 635-676,

The deownstream migration of sockeye, coho, pink
and chum salmon fry is initially nocturnal and appears to be
regulated guite precisely by changes in light intensity.
Downstream movement is seen to arise from a displacement
by the current when firm visual contact with fixed objects
in the stream is lost. Once the migration is under way the
distribution: of the fry waries. The lateral distribution
of pink and sockeye, but not chum and ccho, was closely and
positively related to ocurrent speed, abowve a threshold of
1.3 ft/see (0.4 mfsec). Pink fry were found to be distributed
throughout the total depth of water but greatest catches were
made at intermediate depths. The negative response of fry
to light appears to change after exposure to it, and pink
and chum fry were found to extend their movements intec and
throughout the daylight hours where the migration route was
lengthy. Feeding and schooling activity is probably associated
with this change in response to light. Beoth pink and chum
fry were observed to school only near the end of their seaward
movement, Pink fry were found to feed to some extent in the
natal areas but to a greater extent as the sea was approached.

McDonald, J.G. 1969 . Distribution, Growth, and Surwviwval of
Sockeye Fry (Oncorhynchus nerka) Produced in
Natural and Artificial Stream Environments.
J. Fish. Res. Bd. Canada. 26: 229-267,

A comparative study was made at Babine Lake, British
Columbia, of the distribution, growth, and survival of sockeye
salmon fry resulting from the same parental stock but reared
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in natural and artifigial streams, Fry produced from

natural spawning in the Pulton River and from eyed eggs
Planted in an adjacent artificial spawning channel were
marked distinctively, released, and later recovered in the
lake nursery area and at the lake cutlet at time of seaward
migration. Both groups dispersed rapidly and widely into

the main lake basin and apparently mixed extensively with
sockeye produced from other main lake tributaries. Lake
distribution of marked fish,; and the munderyearling population
as a whole, was not uniform nor static and the fish were
concentrated in different lake areas at different times of
their first growing season. Riwver and channel fry were
comparable in mean length at time of release but subsequently
channel fish were smaller. Their smaller size appeared to
result from late lake entry and a slower rate of growth for

a short peried thereafter. Over most of the growing period
(June: 25 - Qctobexr 25) rates of growth in length were similar
(instantaneous daily rates of 0.00687 and 0.00737). Ho
significant difference in survival rates of the two groups
could be detected for the first 5 months of lake residence.
Production of age I seaward migrants was less for river

fish than for channel f£ish but no significance was attached
to the small difference observed. These findings are
discussed with respect to a fish-cultural scheme which is
aimed! at ingreasing adult production by making fuller use

of the lake's capacity to rear young sockeve.

McNeil, William J. 42 T Randomness in Distribution of
Pink Salmon Redds. 4. Fish. Res. Bd. Canada.
EE{TJ: l629=-1633.

McHeil, William J. 3968, Migration and Distribution of
Pink Salmon Spawners in Sashin Creek 1965, and
Surwvival of their Progenyv. Fiel o Bill 663 3
575-586 . o

Neave, Ferris. 1955. MHotes on the Seaward Migration of Pin
and Chum Salmon Fry. J . Fish.Res. Bd. Canada.
12(3): 369-374.

The seaward migration of pink and chum salmon fry
takes place at nights Strong- light is_ avogided. In pink
salmon negatiwve rheotaxis (swimming with a_ gurrent) is
strongly developed and migration is not primarilv effected
by random swimming and passive displacement. Downstream
movement is mainly at or close to the surface. In slack
water wvertical distribution is more uniform. In the shortest
streams examined, each night's migrants appeared tc reach
the sea before daybreak. In a longer stream, fry were
seen to bury themselwes at the onset of davlight. After
being held in fresh water for an undetermined period, fry
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show positive rheotaxis and schooling behavior and no longer
aveoid light. Behavicr of fry after reaching the sea also
differs from that shown during actual migration. Changes in
behavior may coincide with commencement of feeding.

Neave, F., J.G. Hunter and W.P. Wickett. 12534 The 1952-54
Pink Salmon Cycle in the Queen Charlotte Islands.
Fish. Res.' Bd. Canada; Prog. Rep. Ng. 96, Pacific
Coast Stations, pp. 22=-24,

Neave, F. and W.P. Wickett. 1955 Transplantation of
Pink Salmon into the Fraser Valley in Barren Years.
Fish. Res. Bd. Canada, Prog. Rep. No. 103,
Pacific Coazt Stations, pp. 14-15,

Needham, Paul R., Osgood R. Smith, and Harry A. Hanson.
1940. Salmon Salvage Problems in Relation to
Shasta Dam, California, and NHotes on the Biology
of the Sacramento River Salmon. Trans. Amer. Fish.
Soc. 70: 55-69.

Studies on the chincook salmon runs which will be
blocked by Shasta Dam on the Sacramento River, California,
indicate that a total annual run of about 27,000 fish will
be blocked sometime in 1942. There are two relatively
distinct spawning runs, one in the spring and one in the fall.
The number of eggs per female is calculated to be nearly
T Oe0ey There are also two distinct downstream migrations,
cne in the spring and one in the fall. Most of the voung
salmon go to ska during their first spring.

It is not considered practicable to install fish
ladders ovetr Shasta Dam because of the height of the structure
and because young downstream migrants could not pass it
safely. Therefore, consideration is being given to salvage
pPlans similar to those used for the salmon runs blocked by
Grand Coulee Dam in the upper Columbia River. All tributaries
of the Sacramento River below Shasta Dam have been examined
as to their suitability for transfer of the run now passing
Redding. Of 17 drainages examined, 9 are dry in their
lower reaches part of the year and 7 have dry stretches during
periods of salmon migration. Only 2 streams, Battle and
Deer Creeks, were found below Shasta Dam which have salvage
possibilities.

HNot a single effective fish screen was found in the
19 drainages investigated and most fish ladders seen were
inoperable because of lack of water.

Copper pollution in the Sacramentec River above
Redding from abandoned mines may become lethal to trout
and salmon unless corrective measures are undertaken.
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In the salvage plan recommended by the Board of
Consultants it is proposed that three rack barriers be
constructed across the Sacramento River between BRedding and
the mouth of Battle Creek. After river temperatures had
dropped below 609F in the fall, salmon would be stopped
on the expectaticon that they would spawn naturally between
the racks. Because of high water temperatures in the main
Sacramento, the spring run and the early part of the fall
run would be transferred by trucks to Battle and to Deer
Creeks. A hatchery hawving a capacity of about sixty million
eggs is proposed for construction on Battle Creek in conmection
with this plan. A fish collecting system, including traps
and lifts will have to be prowvided at one of the barriers.
Tank trucks will be reguired for transfer of the fish to
Battle and Deer Creeks.

Horthcote, T.G. 1969. Lakeward Migration of Young Rainbow
Trout (Salmo gairdneri) in the Upper Lardeau River,
British Columbia. J. Fish. Res. Bd. Canada.
2611) s 33=45:

Lakeward migration of rainbow trout fry was studied
in the upper Lardeau River, where the young emerge from a
spawning area immediately below the outlet of Trout Lake
utilized by large trout from Kootenay Lake, about 56 km
downstream, Most fry move downstream towards Kootenay Lake,
shortly after emergence; however, some, particularly later
in the emergence period, move upstream into Trout Lake.
Field observations and experiments suggest that water
temperature may be important in inducing different responses
to water current in these fish, but may not play such a
predominant role or operate at the same levels as proposed
earlier for control of ¥oung trout migration in the Loon
Lake system.

Northocote ; T.G. 1974. Salmonids as Elements in the Ecology
of British Columbia Streams. A Contribution to
the Symposium on Stream Ecology, Continuing
Education for Foresters, Parkswille, B.C.

November 26-27.

Ol=son, P.A, and R.F. Foster. lass, Temperature Tolerance
of Eggs and Young of Columbia River Chinook
Salmon. Trans. Amer. Fish. Soec. B85: 203-207.

A study was made on the temperature tolerance of
eggs and young of chincok salmon which spawn in the mainstem
of the Columbia River. The control temperature followed
a seasonal trend typical for the locality. It started at
579F, reached & minimum of 369F, and ingreased to 472F at
the end of the test.  Other experimental lots averaged about
4°F colder and 29F, 4°F, and 8°9F warmer than the control
throughout the greater part of the test.
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Signifiecant mortality above that of the control
ccourred only in the warmest lot. Although about 90 percent
of the eggs in this group hatched successfully, the fry
and early fingerlings suffered heavy mortalities ewven though
the mean temperature of this lot was well below 50°F during
the fingerling stage.

The results of this single experiment indicated
that the eggs could begin incubation at temperatures as
high as 61°F without significant loss.

102. Orcutt,; Deonald R., Ben R. Pulliam; and Arthur Arp. 196R.
Characteristics of Steelhead Trout Redds in Two
Idaho Streams. Trans. Amer. Pish. Soo. D¥snd42-45,

Steelhead spawning behavior and redd construction
were studied in 1958 and 1959 in the Clearwater and Salmon
River watersheds in Idaho. Steelhead began spawning in
early April; spawning peaked between 20 April and 10 May at
water temperatures of 36 to 47°F, and was over by 15 June.
Minimum water depth over a redd was 0.7 feet; maximum water
depth exceeded &5 feet. Water wvelocity 0.4 feet above
streambed averaged 2.3 to 2.5 ft/sec. Steelhead favoured
spawning gravels 0.5 to 4.0 inches in diameter; however,
they readily accepted areas with smaller and somewhat larger
gravels if &6-inch stones were not abundant. Steelhead
tolerated crowding without antagonism; pairs spawned within
4 feet of one another. The average redd occupied 6.5 sguare
yards: of gravel, and ranged from 2.9 to 13.4 sguare vards.

103, FPeck, James W. 1870. Staying the Production of Coho Salmon
(Oncorhynchus kisutch) Planted in a Lake Superior
Tributary. Trans. Amgr. Fish. Soc. She S01-595.

104. Pitney, W.E. 1569, Determination of Stream Flows for Fish
Liife. Western Progc. 48th Annual Conference of the
Western Asscciation of the State Game Commission,
Reng, Nevada. pp+ 498=-501.

165, BPlatts,; William §. 1974, Chinock Salmon Runs, Fish Standing
Crop and Species Composition in the Scouth Fork
Salmon River, Idaho. {Eubl.) U.S5. Forest Service,
Progress Repaort V: 1-48.

106. Britchard ol 0 1944, Physical Characteristics and
Behavior of Pink Salmon Fry at MecClinton Creek,
B iy J. Fish. Res. Bd. Canada. B (3 20T=227.

High temperatures appear to shorten and low tempera-
tures lengthen the incubatlon period of pink salmon
(Oncorhynchus gorbuscha) eggs. The fry migrate to sea during
spring when the yolk sac is almost completely absorbed.
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There is no significant difference from year to year in
gualitative description or in certain ‘countable physical
characters. Migration is usually swift and vigorous. The
effect of light is demonstrated by the fact that movement is
limited to the hours of ‘darkness and slowed by direct moonlight.
Rainfall does not initiate migration but causes fry already

in motion to proceed more rapidly. Small temperature

variations hawve little effect. Oxygen content and pH of

the water vary coincidentally with rainfall.

107, Raleigh. Robert F. 1967. Genetic Control in the Lakeward
Migrations of Sockeye Salmon (Oncorhynchus nerka)
Fry 0, FPish."Hes. Bd. Canada./28(12): 2613-2622.

Eggs of sockeye salmon taken from tributary, outlet,
and beach spawners at Karluk, Alaska, were treated identically
from time of egg fertilization through time of testing as
fry in a laboratory. Test lots were released during the
day and at night in a central release pool from which the
fry could migrate either upstream or downstream through
simulated stream channels. Oxygen-saturated water at 50°F
(10%c) was pumped through the 40-ft (12.2-m) gravel-bottomed
simulated stream at about 0.3 ft/sec (9.1 em/sec).

Test results showed that directions (upstream or
downstream) and times (day or night) of migration differed
substantially between fry from the tributary and those from
the outlet. Fry from beach spawning reacted in a manner
similar to that of the tributary fry. These differences
were concluded to be of genetiec origin. The possible inter-
action of innate behavior and environment in controlling the
migratory movements of salmonid fry is discussed along with
the significance of choosing a donor stock with appropriate
innate responses to make best use of a new environment.

108. Raymond, Howard L. laesg. Migration Rates of Yearling Chinook
Salmon in Relation to Flows and Impoundments in
the Columbia and Snake Rivers. Trans. Amer. Fish.
Soail '8 Fr X¥S3G=2HOD

Migration rates of ¥earling chinook salmon
{Oncorhynchus tshawvtscha) through free-flowing and impounded
stretches of the Snake and Columbia Rivers were compared
during periods of low and moderate river discharge.

Generally, the rate of migration was directly related to

the water flows; it was 21 km/day at the low river discharge
(Columbia - 4,248 m3fsec= Snake - 1,418 m3fseci, and 37 km/day
during moderate river discharge (Columbia - 8,495 m3f5ec;
Snake - 2,265 m3f5ec}. Migration rates through most free-
flowing and impounded stretches of the Snake and Colunbia
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Rivers were similar with the one exception that in McNary
Reservoir (Columbia Riwver) fish mowed only about one-third
as fast as elsewhere.

Marked yearling chinook salmon from the Salmon
REiver togk 32 days to travel the 662 km to Bonneville Dam
during the low river discharge in 1366. New impoundments
may more than double the trawvel time now required during low
river flows.

i Re Rees, William H. 1956. Determination of the Vertical and
Horizontal Distribution of Seaward Migrants,
Baker Dam. T = Progress Report on Fisheries
Engineering Research Program, North Facifiec Division
Corps ofi Engineaes o Db Army oo pp. 154-161.

i Bkt Reimers, Paul E. l968. Social Behavior Among Juvenile Fall
Chinook Salmon. J. Fish, Res. Bd. Canada. 32{9}:
2005-2008.

11 3. Reimers, Paul E. 5.2 Ty e T The Langth of: Readdence of Juvenile
Fall Chinook Salmon in Sixes Riwver, Oregon. Fish.
Comm. COregon, Res. Report 4(2): 1-43.

This study was designed to provide life history
information about juwvenile fall chinook salmon, Oncorhynchus
tshawytscha (Walbaum), in Sixes Riwver, a small coastal
river of Oregon, by 1) documenting the length of residence
of the juveniles throughout the river, 2) exploring several
factors possibly influencing their length of residenge, and
3} assessing the relative importance of fresh-water and
estuarine rearing areas for producing returning spawners.
The juveniles were followed from their emergence in the
spawning streams to their entry into the ocean. - Most
information oi the length of residence of the juveniles was
obtained by seining and trapping at various times and
locations in the river.

Spawning occurred mostly in the tributary streams,
primarily in Dry Creek. Mozt fish spawned from November to
January. Fry emerged from the grawvel from March to May.
Wewly emerged fry moved downstream from the spawning areas
in large numbers at night. Based on experimental studies
of juvenile behavior, this movement apparently resulted from
emergence at night and lack of wisual orientation of the fry
during darkness, Downstream movement was reduced during
increased light levels (daylight or moonlight). This initial
movement of fry is thought to assure rapid dispersal of
juveniles throughout the river witheout extensive energy
costs of dispersal by a social mechanism.
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Many juveniles remained in fresh water until early
Summer. Most then entered the estuary, possibly because of
high temperature in the main river. A small number of fish
continued to reside in the cool spawning tributaries.
Detailed studies in 1969 showed that juveniles began entering
the estuary in spring, but large increases in the populaticon
did not occur until’ June. During the period of increasing
abundance, many juveniles were alsoc captured in the occean
surf. The population level in the estuary peaked at about
145,000 fish during July and August and then declined to a
low level in autumn. The rate of growth of the juveniles
was reduced for 3 months during the period of high population
abundance. Population density is hypothesized as a major
cause of the depresced rate of growth of the juveniles. . After
the population declined in late summer, growth of juveniles
again improved. Following the autumn freshets, most fall
chinook salmon remaining in the estuary and those in the
cool spawning streams entered the ocean. A Few fish from
the tributary populations remained in fresh water through
the winter and migrated to the ocean as yearlings the
following spring.

Based on variation in the length of residence of
juveniles in fresh water and the estuary, five types of
life histories were defined. Scale patterns from these
types were distinguished and returning spawners from the
1965 brood sorted into the varigus types. The type-3 fish,
those remaining in fresh water until early summer and then
remaining for a periocd of improved growth in the estuary,
represented about 90% of the returning spawners. Based on
the return of these type-3 fish, fresh water and estuarine
rearing were concluded to be about egually important to
fall chinook salmon in Sixes River. 5 1
112, Reimers, Paul E. and Robert E. Loeffel. 1967. The Length
of Residence of Juvenile Fall Chincok Salmon in
Selected Columbia River Tributaries. Fizh. Comm.
Oregon Res. Briefs. 13fl): 5-19, - _,f/

ETA. Reingold, Melvin. 1968. Water Temperature Affects the
Ripening of Adult Fall Chinook Zalmon and Steel-
head. Prog. Fish-Cult. 30(1): 41-42.

114, Robertson, J.G. 1949, Sockeye Fry Production in a Small
British Columbia Coastal Watershed. F. Res. B4,
canada, Prog. Rep. "Ha, "800, Pac., "Coast Stations,
FE: BE=57.
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Shapovalcov, Lec and William Berrain, 182, &4n EZperiment
in Hatching Silver Salmon (Oncorhynchus kisutch)
Eagog.in grawel. . Trans. hmer. Fish. Scc. B3: 135-140.

The eggs from fiwve adult sea-run silver salmon
(Oncorhynchus kisutch) were divided into two lots: B,239
eggs were buried in grawel in a standard hatchery trough and
7,500 placed in a standard hatehing basket as a control.
Watural conditions were simulated as closely as possible with
the gravel eggs. The eggs reguired 772.3 temperature units
(t.u.) to. maximum hateh (contreol), 1,084.3 t.u. to earliest
emergence from the gravel, and 1,155.6 t.u. teo maximum
emergence from the gravel. Initial to final emergence
reguired at least thirty-eight days. ©Of the eggs buried,
10.2 percent emerged from the gravel. In the control,
£5.9 percent of the eggs hatched and 4B.Z percent survived
to the time that the experimental fish had finished emerging
from the gravel. Examination of the gravel and the dead
eggs in it at the conclusion of the experiment and observations
made during previous experiments support the wiew that silt
carried by unusually severe floods smothered many of the
eggs in the grawel. This fact seems to account in large
part for the small percentage of salmon emerging from the
gravel. Fifty-six days after initlal emérgence from the
gravel, the experimental fish averaged 23.8 fish per ounce
{1.19 grams each, live weight) while the control lot
average 2 7.6 fish per ounce (1.13 grams sach). During these
fifty-six days only forty-eight of the experimental fish
died, whereas the mortality in the contrel 1ot for the sSame
period totalled 905. In the final two weeks, however, the
average daily mortality in the control was only one fish,

Shelton, Jack M. 1955. The Hatching of Chinook Salmon
Eggs Under Simulated Stream Conditions. Frog.
Fish-Cult. 17.: 20=35.

Shelton, J.M., and R.D. Pollock. 1966. Siltation and Egg
Surviwval in Incubation Channels. Trans. Amer.
Fiah. Sog. 355 L83=187,

Fall chinook salmon eggs in Abernathy incubation
channel suffered as much as 85% mortality when 15 to 30%
of the wvoids in the gravel beds were filled with sediment.
With one 70-foot section of the channel used as a silt-
settling basin, the mortality was reduced to 10% or less.
We believe that a siltation contrel system consisting of a
flushable sand trap and settling basin constitute the most

economical means of reducing the amount of sediment entering

this and similar channels.
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shelbourn, J.B., J.R. Brett, and 5. Shirahata. 1973, Effect
of Temperature and Feeding Regime on the Specific
Growth Rate of Sockeye Salmon Fry (Oncorhynchus
nerka), With a Consideration of Size Effect.
J. Fish. Res. Bd. Canada. 30: 1191-1194.

Specific growth rates were obtained for sockeye fry
({Oncorhynchus nerka) acclimated to four temperatures and
fed excess ration over a 36-day period, starting at an
initial weight of 0.4 g. The rates were 2.2 (5°C), 5.1 (5 % s
6.5 (159c), and 6.1 (20°C)% wet weight/day. Continuous feeding
for 15 hr/day at 20°C produced a significantly greater
growth rate than feeding to satiation three times daily
{P<0.05). The growth rates are compared to those obtained
for larger sockeye, determined in earlier experiments.

Slater, Daniel W. 1963. Winter Run Chinook Salmon in the
Sacramento River, California, with Notes on Water
Temperature Reguirements During Spawning. Special
Scientific Report - Pisheries No. 461, Washington,
B T T R T T

Smith, Allan K. 1273. Development and Application of
Spawning Velocity and Depth Criteria for Oregon
Salmonids. Trans. Amer, BRish. Soc. 103 312-316.

Water velocity and depth criteria were developed
to formulate recommended stream flows for spawning of Oregon
salmonids. Criteria have additional appligation in the
design of artificial spawhing channels. Bbout 1,170 redd
measurements of 10 spegles and races were made during a l0-year
periocd. Mean redd volocities ranged between 0.11 and 0.73
m/sec and depths betwedn 0.22 ahd 0.43 m for all species.

A velocity range and minimum depth were found for each
species which included B80% of the measurements with 95%
confidence. The resulting criteria were compared with data
and recommendations from Oregon and elsewhere.

Stauffer, Thomas M. 1972 Age, Growth, and Downstream
Migration of Juvenile Rainbow Trout in a Lake
Michigan Tributary. Trans. Amer. Fish. Soc.

kBls 1B-28,

Juvenile rainbow trout were examined during 1951-59
while in stream nursery areas and when migrating downstream.
The beody-scale relationship was: total length (mm) = 4.06
+ 2.10 scale radius (mm x 107) and relatinnshig between
length (mm) and weight (g) was W = 0.00001384L3-0420
composition of trout during autumn in the nursery areas
averaged 68% age 0, 29% age I and 3% age ITI; trout in the
downstream migration averaged 64% age I, 34% age II and 2%
age III. Mcst downstream migration occurred between 21 May
and 30 June, at night, on subsiding water levels and at water

Age
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temperatures of 9-17°C, There was an association between
numbers of juveniles in the nursery areas and numbers of
subsequent downstream migrants.

Trout grew about 76 mm per year; growth was similar
to that in other Great Lakes tributaries and to growth in
Pacific Ocean tributaries, Most downstream migrants in
Great Lakes tributaries were age II or less, while in Pacific
Ocean tributaries, most were age II &nd III. ' Time of
migration was about the =ame in Great Lakes tributaries as
in Pacific Ucean tributariss.

3 E Stein’y BioAL, LB UReime s HRG TUD. Hall. 1972, Social
Interaction Between Juvenile Coho (Oncorhynchus
kisutch) and Fall Chinook Salmon {0. tshawytscha)
i "8 lxes’ River, Oregor,. O 0. Pish."  Res. Bd. Canada.
29: 1737-1748.

Spawning and emergence of coho and fall chinook
salmon overlapped in timing and location in Sixes Riwver,
Oregon. In early spring both =zpeciez were distributed
throughout most of the river system. Underwater observations
during this period indicated that both species occupied
the same habitat. As temperatures increased, coho disapp.a. -d
from the main river, but continued to cccupy cool tributaries.
Fall chinook were found primarily in the main river until
garly summer, when they moved to the estuary.

In flowing-water observation troughs coho assumecd
social dominance and defended s=pace near the source of
incoming food. In allepatry in the troughs, both grew at
similar rates, but cohd mdintaihed lower population densities
than did chinook. It 'sympatry in “the troughs or ‘in cocol
tributary ' stréam=s, ‘coho ‘grew faster than chinocok. Coho had
brighter “fin "and body coloras, greater fin development,
deeper bodies, and were heavier than fall chinook of the =sama
length.

Our study suggests that the population of fall
chinock salmon in Sixes River might be adversely affected
by an increase in numbers of coho. Our evidence suggests
that ecology of native fishes should be examined closely
before widespread manipulation of fish stocks is encouraged.

123. Summer, Francis H, Ias2. Migrations of Salmonids in
Sand Creek, Oregon, Trans. Amer. Fish. Soc.
82§ R1a%=150

A picket barrier with upstream and downstream fish
traps was maintained on Sand Creek, a small Oregon Coast
stream, during 4 upstream and 3 downstream fish runs (194&-
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1949), and & smaller trap was operated on a tributary

during part of 1947. Two species of trout, coast cutthroat,
Salmo clarki clarki Richardson, and steelhead, Salmo gairdnert
gairdneri Richardson, and two species of Pacific salmon, the
scho salmon, Oncorhynchus kisutech (Walbaum), and the chum
salmon, Oncorhynchus keta (Walbaum) , made spawning runs

during the fall and winter, Downstream migrations of fry and
fingerlings, and of spent adult trout, occurred in the spring.

Fhysical data on Sand Creek included water tempera-
tures and information on occurrence and maghitude of freshets.
Records of fish trapped included the numbhers of salmonids
in each migration, lengths, weights, sex ratiocs in upstream
runs, loss in weight after spawning, and survival rates.

The results of this experiment indicate the need
for a careful study of environmental and ecologigcal conditions
in order that a trapping structure may be adapted to extremes
of water levels and to the habits of all =z=pecies of migra-
tory fishes found in the =stream.

., Wagner, Harry H. l1968. Effect of Stocking Time an Surviwval
of Steelhead Trout, Salmo gairdneri, in Oregon.
Lrans. Amer, Fish. Soc. 97: 374-370.

Marked juvenile steelhead trout were stocked from
1261 through 1965 in the Neorth Fork of the Alsea River on
the Oregon coast to determine the importance of release
time, within the spring migratory period., on adunlt returns.

Fish stocks in April survived better than fish
stocked in Feb¥uary and March. The migration pattern for
fish leaving a raceway woluntarily was similar to that of
wild smolts in the stream. Simiiar numbers of fish returned
from both the voluntary and mid-April liberation groups.

Mid-April appeared to be the most favourable time
for stocking hatchery-reared steelhead on the Alsea River.
A voluntary release method did not significantly increase
survival.

L25. Wales, J.H. and Millard Coots. 1954, Efficiency of Chinook
Salmon Spawning in Fall Creek, California. Trans.
Amer. Fish. Soc. 84: 137-149,

The spawning efficiency of chinocok salmon
(Cncorhynchus tshawytscha} in Fall Creek, a tributary of
the Klamath River in northern California, was measured during
four runs, 1950-1%854, inclusive. In these years the following
numpbers of pairs of spawners were allowed to enter the
stream: 750, 500, 300, and 300, respectively. Estimates
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of the teotal egg production of thezs fish were based on
sampling. The numbers of downstream migrant fingerlings
resulting from each of these spawning runs were computed

by trapping the migrants in a known fraction of the stream
flow. The percentages of potential eggs resulting in
migrants leaving Fall Creek in the vears sampled were 7, 10,
9, and 32, respectively. There appears to be an inverse
correlation between the size of floods during incubation and
the efficiency of spawning.

Walkey, C.E. and D.B. Lister. A T i Results faor Three
Generations From Transfers of Pink Salmon
{Oncorhynchus gorbuscha) Spawn to the Qualicum
River in 1963 and 1964, J. Fish. Res. Bd. Canada.
28: B647-654,

Transfers of pink =s=almon (Oncorhynchus gorbuscha)
eggs were made to the Qualicum Riwver in twe years, utili=zing
5.79 million eggs from Cheakamus Riwver stock in 1963 and
&€.85 million eggs from Bear River stock in 1964. Adult
returns to the Qualicum River were 100 spawners in 1985, .
1967, and 19%6%9; 11,940 in 1966:; 3000 in 1%68; and 300 in 1970,
Differences between the odd- and even-vear plants were noted
in times of egg-take (egquivalent to time of spawnhing of
doner stock), incubation, and fry emigration, lengths cof
emigrating fry, possibility of losses through predation by
herring on estuarine fry, and direction of orientaticn to
the recipient (Qualicum River) stream. Pronounced differences
between donor stock in rate of return are thought to be
primarily related to differences in spawning times and
stream temperature. The decrease in numbers of adults in the
even-vyear generation may have been due to. lower freshwater
gurvival during incubation as a result of suspected super-
imposition of chum salmon on the earlier deposited pink salmon
eggs; the loss was estimated to be in the order of 46%.

Westwater: Hotes on Water EResearch in Wesfern Canada. i O
1974, The Fraser Eiver: A Thoroughfare for Migrant
Fish. {Publ.) Westwater, Westwater BResearch Center,

Univ. of British Columbia, Vancouver, B.C.
V6T 1W5, Canada.

Wickett, W. Fercy. 142 T The Coho Salmon Population of
file Creek.  Fish. Rez. Bd. Canada, Froyg. ERep.
No. B9, Pac. Coast Stations, pp. 88-89.

Wickett, W. Fercy. 1952. Production of Chum and Pink
Salmon in a Controlled Stream, Fish. Res. Bd.
Canada, Frog. Rep. No., 93, Fac. Coast Stations,
PR -
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