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FOREWORD

This is the third edition of the 'Tisheries Handbook of
Engineering Requirements and Biological Criteria" prepared by
Milo C. Bell under contract to the U.S. Army Corps of Engineers,
North Pacific Division, first published in 1973.

The first edition received wide acceptance and, though it had
been out of print for a number of years, there was still a demand
for it. As a result of the continued interest, and since new information
had become available, a revised edition was published in 1986,
updating a number of chapters. It added information on some east
coast species oi fish and included a chapter on oxygen.

The continued demand for the Handbook has resulted in its being
rewritten for this third edition.

The information contained in this Handbook and the format
in which it is presented has not been edited by the Corps of
Engineers and reflects the knowledge and expert opinions of the
author and contributors.
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INTRODUCTION

This handbook is for use by engineers and biologists employed in
design problems on fish facilities and in the operation of existing
facilities.

When examining criteria for these works it must be recognized
that there are local requirements that may dictate approaches and
limits. It further must be recognized that individual states and agencies
of the Federal government have adopted standards that may be in
variance with each other.

It is not the purpose of this handbook to dictate policy, and the
user cannot assume that the criteria set forth are acceptable at specific
locations. The Handbook does set forth limits that may be used in
design for estimating facility sizes, water requirements, general costs,
and operating procedures. The user of this Handbook must recognize
that state and federal agencies, such as various control authorities,
water use granting authorities, and the Courts, impose regulations that
may dictate, expand or limit the standards set by fishery agences
Examination of these standards should be made by any investigtor.

As the body of information in scientific management of fisheries
is less than 70 years old, it must follow that criteria set forth in this
book may be substantially altered by findings in current reeearch
projects. In many cases, basic biological factors are not fully
understood, making the criteria empirical in nature and subject to
the necessary treatment of all such data.

The criteria chosen for this handbook are the result of
examinations of both published and unpublished works of various
agencies and individuals and thus may be in variance. In
developing the details, workable limits have been set forth but
cannot be considered as absolute under the state-of-the-art.
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MISCELLANEOUS INFORMATION

Conversion Factors
(English to Metric and Metric to English)

English Unit 4=) Multiplier,4 Metric Unit =11P Multiplier •English Unit

Length inches 25.4 millimeters 0.0394 inches
inches 2.54 centimeters 0.3937 inches
feet 0.3048 meters 3.2808 feet
miles 1.6093 kilometers 0.6214 miles

Area square inches 645.16 square millimeters 0.00155 square inches
square feet 0.0929 square meters 10.7643 square feet
acres 0.4047 hectares 2.4710 acres
square miles 2.590 square kilometers 0.3861 square miles

Volume cubic inches 0.0164 liters 61.02 cubic inches
cubic inches 16.387 cubic centimeters 0.0610 cubic inches
cubic feet 0.0283 cubic meters 35.3357 cubic feet
cubic yards 0.7646 cubic meters 0.3079 cubic yards
gallons 3.7854 liters 0.2642 gallons
acre-feet 1233.5 cubic meters 0.0008 acre-feet
thousands of acre-feet 1.2335 cubic hectometers 0.8107 thousands of acre-feet
millions of acre-feet 1.2335 cubic kilometers 0.8107 millions of acre-feet

Flow cubic feet/second 0.0283 cubic meters/second 35.3357 cubic feet/second
gallons/minute 0.0631 liters/second 15.85 gallons/minute
gallons/minute 3.7854 liters/minute 0.2642 gallons/day
gallons/minute 6.309x10- cubic meters/second 15850.372 gallons/minute
million gallons/day .0438 cubic meters/second 22.8311 million gallons/day

Mass (Weight) pounds 0.4536 kilograms 2.2046 pounds
ounces 28.3495 grams 0.0353 ounces
grains 0.0648 grams 15.432 grains

Velocity feet/second 0.3048 meters/second 3.2808 feet/second

Power horsepower 0.746 kilowatts 1.3405 horsepower
British thermal unit 2.93x10-4 kilowatt hour 3412.0 British thermal unit

Pressure pounds/square inch 6.8948 kilopascals 0.1450 pounds/square inch
feet head of water 2.989 kilopascals 0.3346 feet head of water
pounds/square inch 51/7112 millimeters Hg 0.0193 pounds/square inch

Capacity gallons/minute/foot liters/minute/meter gallons/minute/foot
drawdown 12.419 drawdown 0.0805 drawdown

Concentration parts/million 1.0 milligrams/liter 1.0 parts/million
PPM grain/gallon 17.1233 milligrams/liter 0.0584 grain/gallon

Temperature ° Fahrenheit (*F-32)/1.8 *Celsius (°C x 1.8)+32 OF

Bell Fisheries Handbook 1.1



MISCELLANEOUS INFORMATION

Other Equivalents
(English and Metric)

7000 grains - 1 pound
1 grain/gallon - 17.12 parts/million
1 grain/gallon - 142.9 lbs/million gallons

1 pound/million gallons = 0.1199 parts/mIllion
1 part/million - 0.0584 grains/gallon
1 part/million - 8.34 pounds/million gallons

1 gallon - 231 cubic inches
1 cubic foot - 7.48 gallons

1 cubic foot of water - 62.416 pounds
1 gallon of water - 8.34 pounds

1 cubic foot/second - 646,317 gmllons/24 hrs (448.8 gpm)
1 million gallons/24 hrs - 1.547 cubic feet/second
1 million ganlons/24 hrs - 694 gallons/minute

1 acre 43.560 square feet
I knot = 1.1508 miles per hr

1 calorie = 0.0003968 BTU
1 calorie = 4.19 joules

1 joule = 0.2388 calories
I dyne = 1.02 Kg (or Kilogram)
1 dyne = 2.248 lb.

At Atmospheric Pressure

BTU (above 32 F.)
required to produce vapor = + 1150.4 at ATM

BTU (below 32 F.)
required to produce ice = -144 at ATM

Absolute temperature in F. = -459.6880
Absolute temperature in C. = -273.15

Ro = Absolute + measured temperature in F. or C.

1.2 Bell Fisheries Handbook



MISCELLANEOUS INFORMATION

Terminology and Equivalents

Legal measurement of water = one cubic foot per second Fresh water pressure equals .43344 lbs. per sq. in. per ft.
(cfs, second feet or cusecs) or fraction of ds of depth

One second foot = 7.48 U.S. gallons per second
- 448.8 U.S. gallons per minute Water weighs 62.424 lbs./cu. ft. at maximum density
= 646,317 U.S. gallons per day

Water weighs 62.416 lbs./cu. ft. at 320 F.
One second foot for a day = 86,400 cubic feet

or 1.983 acre feet Water weighs 62.419 lbs./cu. ft. at 450 F.

One acre foot is a surface acre covered one foot in depth Water weighs 62.390 lbs./cu. ft. at 550 F.

Runofffrom watersheds is measured in acre feet or in inches Power.
per square mile hp = 550 foot pounds per second

= 33,000 foot pounds per minute

Acre = 43,560 sq. f 1 IKW. = 1.3405 hp

Square mile = 640 acres I hp = 746 watts

Atmospheric pressure at sea level = 14.697 lb./sq. inch or 1 KWH = 3412 BTU
33.901 ft. of fresh water

I atm pr = 29.92 inches mercury 1 kw (English) = 3412 BTU/hr

760 mm mercury 1 hp (English) f 550 fL/lb.sec
1013 millibars f 745.7 watts

= 2544.3 BTU/hr
Slope in channels is measured by fall per unit of length,
as feet per mile 1 hp (English) = 0.9863 hp (metric)

I hp (metric) = 1.0139 (English)
Velocity is measured in feet per second = 1.4667 feet

per second = 1 mile per hour Components - dry air in percent-
Nitrogen 78.09

F = (M)(g) Force f Mass X gravity Oxygen 20.95
Argon 00.93

M = W/g Mass = Weight/gravity Carbon Dioxide 00.03
Balance - Hydrogen, Xenon, Ozone and Radium

Density (specific gravity) is the ratio of the mass of a body to
the mass of an equal volume of fresh water at a standard Speed of sound (water) - 4793 fps
temperature. (The temperature used by physicists is 390F. Speed of sound (air) - 1126 fps
or 40 C.) Speed of light (air) - 186,330 miles/sec

Maximum density of water is at 39.3 F. or about 4 C.

Bell Fisheries Handbook 1.3



MIELIANEOUS INFORMATION

Definitions

Q Discharge in cubic feet per second (cfs or second feet) or n Coefficient of roughness used in the Manning formula for
any oftheotherunits expressingvolumes perunit oftime open channels or pipes
defined in previous sections

L Length of weir crest in feet or length of a channel
A Cross-sectional area in square feet or other convenient

unit D Distance

V Average of mean velocity in feet per second or other M Mass
convenient unit

W Weight or width
V Velocity at a point in feet per second or other

convenient unit Pr lb/sq/ft (to obtain lb/sq/inch divide by 144)

g Acceleration of gravity (usually considered to be 32.2 F Force
ft/sec/sec) at sea level

WS Water surface
H Head in feet acting on aweir, at adam, or over an orifice

V2/2g NWS Normal water surface of a lake or stream

h Head in feet acting on an orifice, and also velocity head HWS High water surface of a lake or stream
V2/2g

LWS Low water surface of a lake or stream
C Coefficient of discharge (dimensionles)for an orifice or

weir, or coefficient of roughness for an open channel or TWS Tall water surface below a dam
pipe

HW Pool surface above a dam
R Hydraulic radius ofa stream in feet, which is equal to a

cross sectional area (A) divided by the wetted perimeter El. Elevation above sea level
of the cross-section (P). A/P in sq ft and feet

S Gradient or slope of open channel expressed as drop in
feet divided bythelength ofthe channel infeet overwhich
the drop takes place, (assuming total energy gradient,
slope of water surface, and grade of channel are the
same)

1.4 Bell Fisheries Handbook



MISCELIANEOUS INFORMATION

Miscellaneous Information Miscellaneous Definitions

Uses of Dams: Power House:

Power For head Tail race Below the units

Storage For all water uses Draft tube Conduit from a turbine

Diversion For water uses Penstock Intake to a turbine

Flood control Completely emptied Turbine A water wheel to obtain power

Sediment control Generator Electrical unit to generate power

Navigation For depth and velocity control Deck Walking or work surface

Multipurpose Can be utilized for many water uses Outlet works In tail race

Outlet towers Means of water control to inlet

Dam Nomenclature: Trash rack A protective structure

Overflow section or spillway Spillway.

Non-overflow section Gated Use of a gate for control of spill or HW

Crest Top Weir No control

Gravity Method of security Apron To prevent scour below a spillway

Arch Method of security O.G. (ogee or ogive) Shape of spillway

Gravity arch Method of security Ski jump Shape of spillway

Rock fill Gravity types Taintor or radial gates Segments of circles

Dirt fill Gravity types Drum gates Circular

Training walls Means of directing flow Needle bars or log@ Vertical

Head Usually in feet and defined as useful difference Stop logs Horizontal
in elevation for T.W. to H.W.

Bell Fisheries Handbook 1.5



MISCELLANEOUS INFORMATION

Comparison of 1 Cubic Foot and
1 Cubic Moter
Ratio 1:&6.3367

One cubic foot per second is equal to 1.983 acre-feet of
water in 24 hour., Rlowing from storage or into a storage

It is equal to 7.48 gallons per second, 448.8 gallons per
The above illustration is a comparison of 1 cubic foot and minute, or 646,317 gallons per day.

1 cubic mete atwater. When movingati fps, theyase called:
second foot, cubic foot per second (cfs) or cubic meter per One cubic mete otwater contain 1,000 liters One liter
second. is equal to .001 cubic moters .2642 gollons, or 1.0566 quarts.

Basic Formulas
Englisth system

Q=AV

2g

P=Wh h=p

V =C JR- where R A

Q =3.33 LII 3/2

With a sharp-edged weir (Cipolletti weir), side contrac-
tion is accounted for. Value of 3.33 changes with shape of
weir crest.

1.6 Be llFisheries 1andbook



MISCELLANEOUS INFORMATION

Some Pipe and Circle Areas
For Use in Hydraulics

STD. WT. STEEL & W.I. PIPE CIRCLES

Nom. ID ID TH. IDu2 A2  DIA DIS 02 A2Size ins. ft. ins. ft.o"' ft. ft.0 2 ' ft.

1/2 0,622 0.0519 .109 0.477 0.00211 0.0416 0.451 0.00136
3/4 0.824 0.0687 .113 0.512 0.00371 0.0625 0.500 0.00309
1 1.049 0.0874 .133 0.544 0.00600 0.0833 0.531 0.00545
1-1/4 1.380 0.1150 .140 0.582 0.01040 0.1041 0.568 0.00852
1-1/2 1.610 0.1342 .145 0.605 0.01414 0.125 0.593 0.01225
2 2.067 0.1722 .154 0.644 0.02330 0.167 0.638 0.0218
2-1/2 2.469 0.2057 .203 0.673 0.03322 0.2082 0.675 0.0341
3 3.068 0.2557 .216 0.711 0.05130 0.250 0.707 0.0491
3-1/2 3.548 0.296 .226 0.738 0.06870 0.292 0.735 0.0668
4 4.026 0.336 .237 0.761 0.08840 0.333 0.759 0.0873
5 5.047 0.420 .258 0.804 0.1390 0.416 0.803 0.1364
6 6.065 0.506 .280 0.842 0.2006 0.500 0.840 0.1963
8 7.981 0.665 .322 0.902 0.3474 0.667 0.903 0.3491
10 10.02 0.836 .365 0.956 0.5475 0.833 0.955 0.5454
12 12.00 1.000 .375 1.000 0.7854 1.000 1.000 0.7854
14 OD 13.25 1.105 .375 1.024 0.9569 1.167 1.040 1.069
16 OD 15.25 1.270 .375 1.062 1.268 1.333 1.072 1.396
18 OD 17.25 1.438 .375 1.092 1.623 1.500 1.108 1.768
20 OD 19.25 1.605 .375 1.126 2.021 1.667 1.138 2.182
24 OD 23.25 1.938 .375 1.180 2.949 2.000 1.189 3.142

WT -Wrought TH - Wall thickness
WI - Wrought Iron A - Area squared
ID - Inside diameter

Beaufort Scale of Wind Velocity

Wind Former
Beaufort velocity terms used
Number (mph) in weather

forecast

0 1 Less than Calm Smoke rises vertically; no movement of leaves, bushes.
trees, or grass.

1 1-3 Very light Direction of wind shown by smoke drift; tall grass and
weeds sway slightly; quaking aspen leaves move; small
branches move gently: dead leaves on oaks rustle.

2 4-7 Light Wind felt on face: trees of pole size in open sway
gently: small branches of pine move noticeabley; dead,
dry leaves rustle and move: stands of broom sedge sway.

3 8-12 Gentle Leaves and small twigs in motion: dry leaves on ground
blow about: twigs of hardwood trees move distinctly, and
large branches of pine in the open toss; whole trees in
dense stands sway: trees of pole size in the open sway
noticeably.

4 13-18 Moderate Small branches move: tops of large hardwood trees sway
noticeably: pines of pole size in open sway violently:
whole trees in dense stands sway noticeably.

19-24 Fresh Inconvenience is felt in walking against wind: branchlets
are broken from trees: small trees in leaf sway: entire
hardwood trees sway. their tips whip about violently:
twigs broken from pines.

6 25-:8 Strong Progress is impeded when walking against wind: large
branches in motion: branches broken from hardwood trees
and tops from conifers.

BeOl Fisheues Handbook 1.7



MASCMEANEOUS INFORMATION

Wind Chill Chart
Actual Thermometer Reading F.

Estimated
Wind Sped 50 40 30 20 10 0 -10 -20 -30 -40 -50

Equivalent Temperature F.

Calm 50 40 30 1 20 10 0 -10 -20 -30 -40 -50
-J

548 37 2 16 6 -5 -15 -26 -36 -47 -67

10 401 28 16 4 -9 -21 -33 -46 -58 -770 -83

15 -- 361 22 9 -5 -18 -36 -45 -58 -72 -85 -99

20 32 18 4 -10 -25 -39 -53 -67 -82 -96 -110

25 30 16 0 -15 -29 -44 -59 -74 -88 -104 -118

30 28 13 -2 -18 -33 -48 -63 -79 -94 -109 -125

35 27 11 -4 -20 -35 -49 -67 -83 -98 -113 -129

40 26 10 -6 -21 -37 -53 -69 -85 -100 -116 -132

Wind speeds LTITLE DANGER INCREASING GREAT
greater than FOR PROPERLY DANGER DANGER

40 MPH CLOTHED PERSON
have little
additional DANGER FROM FREEZING

effet. OF EXPOSED FLESH

Taken from 'Emergency Preparedness Today"by Robert
Stoffel, Washington State Department of Emergency Serv-
ices, June, 1979.

To use the chart, find the estimated or actual wind speed
in the left-hand column and the actual temperature in de-
grees F. in the top row. The equvalent temperature is
foundwhere these twointersect. For example, with awind
speed of 10 mph and atemperature of-10 F., the equivalent
temperatureis-33F. Thislies within the zoneof increasing
danger of frostbite, and protective measures should be
taken. Itis emphasized that thewind chill chart is ofvalue
in predicting frostbite only to exposed flesh. Outdoorsmen
can easily be caught out in 30 F. temperature. Wimds of 30
mph will produce an equivalent wind-chill temperature of
20 below zero.

"Inanimate objects are only affected by recorded tempera-
tures.

1.8 Bell Fisheries Handbook



MISCELLANEOUS INFORMATION

Relative Humidity Tables

Wet-bulb Temperature in F.

40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82
40
42 85
44 71 86
46 58 72 86
48 47 60 78 86
5250 38 49 61 74 87
52 29 40 51 63 75 87

t 54 22 32 42 53 64 76 88
3 56 16 25 34 44 55 65 76 88
4 58 10 18 27 37 46 56 66 77 88

60 5 13 21 30 39 48 58 68 78 89
j 62 1 8 16 24 32 41 50 59 69 79 89

64 4 11 18 26 34 43 51 60 70 79 90
S66 7 14 21 29 36 44 53 61 71 80

go 68 3 10 16 23 31 38 46 54 62 71 90
706 12 19 25 33 40 48 55 64 72 81 90

72 3 9 15 21 28 34 42 49 57 65 73 82 91
74 1 23 29 36 43 50 58 65 74 82 91
76 3 8 13 19 25 31 38 44 51 59 66 74 82 91
78 5 10 16 21 27 33 39 46 53 60 67 75 83 91
80 3 7 12 18 23 29 35 41 47 54 61 68 75 83 91
82 5 10 14 20 25 30 36 42 48 55 61 69 76 84 92
84 3 7 12 16 21 26 32 37 43 49 56 62 69 76 84 92
86 1 5 9 14 18 23 28 33 39 44 50 57 63 70 77 84
88 3 11 15 20 25 30 35 40 46 51 57 64 70 77
90 1 5 9 13 17 22 26 31 36 41 47 52 58 65 71

CORRECTION FOR ELEVATION. The realtive humity at any given temperature rises slightly with increased
elevation owing to a reduction in atmospheric pressure. The relative humidity indicated may be corrected ay adding 1
percent when used at elevations between 500 and 1,999 ft (e.g., for a dry-bulb temperature of 500 and a wet-bulb
temperature of 40@, read 38 + 1, or 39 percent); 2 percent between 2,000 ft. and 3,999 ft.; 3 percent between 4,000 ft and
5,999 ft.; and 5 percent for elevations above 6,000 ft.

Air Temperature in F.

40 45 50 55 60 65 70 75 80 85 90 95

0 100 100 100 100 100 100 100 100 100 100 100 100
.6 1 92 92 93 94 94 95 95 95 96 96 96 90

-• 2 84 85 87 88 89 90 90 91 92 92 92 93

C 3 76 78 80 82 84 85 86 87 87 88 88 89
S4 68 71 74 76 78 80 81 82 83 84 85 86
S5 60 64 67 70 73 75 77 78 79 80 81 82
V 6 53 58 61 65 68 70 72 74 75 77 78 79
0 7 45 51 55 59 63 65 68 70 72 73 75 76
t 8 38 44 50 54 58 61 64 66 68 70 71 72
S9 30 38 44 49 53 56 60 62 64 66 68 69
, 10 22 32 38 43 48 52 55 58 61 63 65 66

S11 16 25 33 39 44 48 52 55 57 60 62 63
12 8 19 27 34 39 44 48 51 54 56 59 60

D 13 1 13 22 29 34 39 44 47 51 53 56 58
S14 7 16 24 30 35 40 44 47 50 53 55

. 15 1 11 19 26 31 36 40 44 47 50 53
S16 6 16 22 28 33 37 41 44 47 49
S17 1 10 18 24 29 34 38 41 44 47

18 6 14 20 26 31 35 38 41 44
S19 1 10 17 23 27 32 36 39 42

20 6 13 19 24 29 33 36 39
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MISCELLANEOUS INFORMATION

Lethal Distance from Explosion (Ft.)

100 1 1 1
Weight of Dynamite Charge (40% or 60%)

Vs.
Distance from Charge Within

Within Lethal Range
90 i i

Compiled from Tests on Anchovies
Conducted by Hubbs, C.L.
I.M.R. Report 6 Dec. 1954

80 Calculated for Lower Lethal Limit
ofI 40 I I

Approx. Values Only
Use Safety Factor Deemed Necessary

70

60

8..

Q 401

--- -

20
30 -f

20

200 400 600 800 1000 1200 1400

The pressure wave as reported deteriorates at a rate of D2s
(D = distance in feet) from the center ofthe ezplosion. The
negative wave is the most detrimental to fish with swim
bladders. Oysters and clams show no damage at fish-killing
levels. Buried shots reduce the level of kill.
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MISCELIANEOUS INFORMATION

Nomogram Showing the Solubility of
Oxygen in Water

0. 32 0 0

1 34 14.0 1

2 36 2 1
13.5

3 383
4 - 13.0 24' 40

40
5 12.5 5

"42 3
6 12.0 6

44
7 7 4

8 46 11.5 8

9 48 11.0 9

10 50 10

11 10.5 11 6
I -- 52

"12
12 54 10.0 13 7

13 56 14
14 88 9.5 159.5 i
15 16

16 " 9.0 17

620 18 100
~17

19
~18 64

8.5 20 11 T

19 66 .M 21

20 68 Nomograph is correct if -

8.0 these lines are straight. 23
21 70 13

24A
22 72 25 14

23 7.5 26
S27 15

24 o
"'76 28

25 29 16
78 S 7.06 8 30

26 31 17

80 32

• -- 18
28 82 633

29 84 34 -19
29" - 35

Pacific Oceanographic Group
30 86 Nanaimo, B.C. 36 20
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MEISCEIANEOUS INFORMATION

Nomogram for Dtm n NK (with Ad) at
ATM Pressure and Different Temperatures

0 5 10 15 20 25 30 Centigrade

32 41 50 59 68 77 86 Fahrenheit

Water Temperatures

Based
Nitrogen M.G.M. Per Litre (P.P.M.) on

Weight
1.25 2.5 3.75 5.0 6.25 7.5 8.75 10.0 11.25 12.5 13.75 15.0 16.25 17.5 18.75 20.0 21.25 22.5 23.75 25.0 26.25 27.5

I I I I I I i I B I ', .* I I I .* I -* I* .

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Nitrogen C.C. Per Litre Based
on

Based on International Critical Tables Vol. 3 pg. 258 Volume

Nomogram for Determining 02 Saturation at
Different Temperatures and Altitudes (Mortimer)

0 5 10 15 20 25 30 Centigrade

32 41 50 59 68 77 86 Fahrenheit

Water Temperatures

(OZ.) (10-3 /CU. ft.) Based
Oxygen - MGM Per Litre (P.P.M.) on

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Weight

0 1 2 9 4 5 6 7 8 9 10 11 12 Based
Oxygen C.C. Per Litre Oxygen cu. ft. 10- /cu. ft. on

Volume

From Hutchinson
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DEFINITIONS OF COMMON TERMS IN USE

Aerobic Organism - An organism that thrives in the pres- Consumptive Use - The amount of water used in such a
ence of oxygen. way that it is no longer directly available. Includes water

discharged into the air during industrial uses, or given off by
Algae - Simple plants, many microscopic, containing chlo- plants as they grow (transpiration), or water which is
rophyll. Most algae are aquatic and may produce a nuisance retained in the plant tissues, or any use of water which
when environmental conditions are suitable for prolific prevents it from being directly available.
growth.

Control Station - Any streamflow measurement site at
Allocation - The process of legally dedicating specific which a regulatory base flow has been established.
amounts of the water resource for application to beneficial
uses by means of water rights. Dissolved Oxygen (DO) - Amount of oxygen dissolved in

water.
Alluvium - Stream deposits of comparatively recent time. Diversion - The physical act of removing water from a
Ambient - The natural conditions (or environment) at a stream or other body of surface water.
given place or time.

Drainage Area - The area of land drained by a stream,
Anadromous Fishes - Fishes that spend a part of their life measured in the horizontal plane. It is the area enclosed by a
in the sea or lakes, but ascend rivers at more or less regular drainage divide.
intervals to spawn. Examples are salmon, some trout, shad,
and striped bass. Drainage Basin - A part of the surface of the earth that is

occupied by a drainage system consisting of a surface
Aquifer -An underground bed or stratus of earth, gravel, or stream of a permanent body of water together with all tribu-
porous stone which contains water. A geological rock forma- tary streams and bodies of impounded water (lakes, ponds,
tion, bed, or zone that may be referred to as a water-bearing reservoirs, etc.).
bed.

Dystrophic Lakes - Brown-water lakes with a very low
Anaerobic Organisms -Microorganisms that thrive best, lime content and a very high humus content These lakes
or only, when deprived of oxygen. often lack nutrients.

Autotrophic - Self-nourishing; denoting green plants and Ecology - The science of the interrelations between living
those forms of bacteria that do not require organic carbon or organisms and their environment.
nitrogen, but can form their own food out of inorganic salts
and carbon dioxide Ecosystem -An ecological system; the interaction of living

organisms and the nonliving environment producing an
Base Flow - As defined in the Water Resources Act of 1971 exchange of materials between the living and the nonliving.
(Ch. 90.54 RCW), base flows are the flows administratively
established "necessary to provide for the preservation of Effluent - A discharge or emission of a liquid or gas, usually
wildlife, fish, scenic, aesthetic and other environmental waste material.
values, and navigational values."

Emission - A discharge of pollutants into the atmosphere,
Benthos - Bottom dwelling organisms. usually as a result of burning or the operation of internal

combustion engines.
Benthic Region - The bottom of a body of water. Endangered Species - any species which, as determined
Bio-assay -A determination of the concentration of a given by the Fish and Wildlife Service, is in danger of extinction
material by comparison with a standard preparation, or the throughout all or a significant portion of its range other than
determination of the quantity necessary to affect a test a species of the class Insecta determined to consitute a pest
animal under stated laboratory conditions. whose protection would present an overwhelming and over-

riding risk to man.
Biochemical Oxygen Demand (BOD) - The amount of
oxygen required to decompose a given amount of organic Epilimnion - That region of a body of water that extends
compounds to simple, stable substances within a specified from the surface to the thermocline and does not have a
time at a specified temperature. BOD serves as a guide to permanent temperature stratification.
indicate the degree of organic pollution in water.

Escapement - Adult fish that "escape" fishing gear to
Biomass - The weight of all life in a specified unit of envir- migrate upstream to spawning grounds.
onment or an expression of the total mass or weight of a
given population, both plant and animal. Estuary - Commonly an arm of the sea at the lower end of a

river. Estuaries are often enclosed by land except at channel
Biota - All living organisms of a region. entrance points.

Bloom - A readily visible concentrated growth or aggrega- Eulittoral Zone - The shore zone of a body of water
tion of plankton (plant and animal). between the limits of water-level fluctuation.

Coliform - Any of a number of organisms common to the Euphotic Zone -The lighted region that extends vertically
intestinal tract of man and animals, used as an indicator of from the water surface to the level at which photosynthesis
water pollution. fails to occur because of ineffective light penetration.
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DEFINITIONS OF COMMON TERMS IN USE

Euryhaline Organisms - Organisms that are able to live Holdovers - Fish that take up residence in reservoirs rather
in waters of a wide range of salinity, than completing migration to the sea; may complete migra-

tion the following year.

Eurytopic Organisms - Organisms with a wide range of

tolerance to a particular environmental factor. Examples Holomictic Lakes - Lakes that are completely circulated to
are slidgeworms and bloodworms. the bottom at time of winter cooling.

Eutrophication - The intentional or unintentional enrich- Homoiothermic Animals - Animals that possess a tem-
ment of water. perature-regulating mechanism to maintain a more or less

constant body temperature (warm-blooded animals).
Eutrophic Waters - Waters with a good supply of nu-
trients. These waters may support rich organic productions, Hydrologic Cycle - The continual exchange of moisture
such as algal blooms, between the earth and the atmosphere, consisting of evapo-

ration, condensation, precipitation (rain or snow), stream
Fall Overturn - A physical phenomenon that may take runoff, absorption into the soil, and evaporation in repeat-
place in a body of water during the early autumn. The ing cycles.
sequence of events leading to fall overturn include (1) cooling
of surface waters, (2) density change in surface waters pro- Hypolimnion - The region of a body of water that extends
ducing convection currents from top to bottom, (3) circula- from the thermocline to the bottom of the lake and is
tion of the total water volume by wind action, and (4) vertical removed from surface influence.
temperature equality, 4 degrees C. The overturn results in a
uniformity of the physical and chemical properties of the Impoundment - A body of water formed by confining and
water. storing the water.

Fingerlings - Fish whose size ranges from approximately Lenitic or Lentic Environment - Standing water and its

one to three inches. various intergrades, as lakes, ponds and swamps.

Floc - A small, light, loose mass, as of a fine precipitate. Limnetic Zone - The open-water region of a lake.

Flood - Any relatively high streamflow or an overflow that Littoral Zone - The shoreward region of a body of water.
comes from a river or body of water and which causes or
threatens damage. Lotic Environment - Running waters, as streams or

rivers.
Flood Plain - Lowland bordering a river, subject to flood-
ing when stream overflows. Median Lethal Dose (LDso) - Dose lethal to 50 per cent of a

group of test organisms for a specified period. The dose
Fiod-Chain - The dependence of organisms upon others in material may be ingested or injected.
a series for food. The chain begins with plants or scavenging
organisms and ends with the largest carnivores. Median Tolerance Limit (TL.) - Concentration of the

tested material in a suitable diluent (experimental water) at
Fry (sac fry or alevin) - The stage in the life of a fish which just 50 per cent of the test animals are able to survive
between the hatching of the egg and the absorption of the for a specified period of exposure.
yolk sac. From this stage until they attain a length of one
inch the young fish are considered advanced fry. Meromictic Lakes - Lakes in which dissolved substances

create a gradient of density differences in depth, preventing
Gaging Station - A particular location on a stream, canal, complete mixing or circulation of the water.
lake, or reservoir where systematic measurements are made
on the quantity of water flow. Nanoplankton - Very small plankton not retained by a

plankton net equipped with No. 25 silk bolting cloth.
Ground Water - Water in the ground lying in the zone of
saturation. Natural recharge includes water added by rain- Nekton - Swimming organisms able to navigate at will.
fall, flowing through pores or small openings in the soil into
the water table. Neuston - Organisms resting or swimming on the surface

film of the water.
Habitat - The natural abode of a plant or animal, including
all biotic, climatic, and soil conditions, or other environmen- Nonconsumptive Use - Use of water in a manner which
tal influences affecting life. does not consume the resource. Fishery, aesthetic, and

hydropower uses are examples of nonconsumptive use.
Heavy Metals - A group that includes all metallic elements
with atomic numbers greater than 20, the most familiar of Oligotrophic Waters - Waters with a small supply of nu-
which are chromium, manganese, iron, cobalt, nickel, copper trients, supporting little organic production.
and zinc but that also includes arsenic, selenium, silver,
cadmium, tin, antimony, mercury, and lead, among others. Oxygen-Debt - A phenomenon that occurs in an organism

when available oxygen is inadequate to supply the respira-
Herbivore - An organism that feeds on vegetation, tory demand. During such a period the metobolic processes

result in the accumulation of breakdown products that are
Heterotrophic Organisms - Organisms that are depend- not oxidized until sufficient oxygen becomes available.
ent on organic matter for food.
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DEFINITIONS OF COMMON TERMS IN USE

Pelagic Zone - The free-water regiou of a large body of Runoff - That part of precipitation which appears in sur-
water. face streams. This is the streamflow before it is affected by

artificial diversion, reservoirs, or other man-made changes
Periphyton - The association of aquatic organisms at- in or on stream channels.
tached or clinging to stems and leaves of rooted plants or
other surfaces projecting above the bottom. Salmonoid - Fish belonging to the family salmonidae,

including salmon, trout, char, and allied freshwater and
Photosynthesis -The process by which simple sugars and anadromous fishes.
starches are produced from carbon dioxide and water by
living plant cells, with the aid of chlorophyll and in the Seiche - A form of periodic current system, described as a
presence of light. standing wave, in which some stratum of the water in a

basin oscillates about one or more nodes.
Phototropism - Movement in response to a light gradient.

Sessile Organisms - Organisms that sit directly on a base
Phytoplankton - Plant plankton that live unattached in without support, attached or merely resting unattached on a
water. substrate.

Piscicide - Substances or a mixture of substances intended Seston -The living and nonliving bodies of plants or animals
to destroy or control fish populations. that float or swim in the water.

Plankton (Plankter) - Organisms of relatively small size, Smolt -An anadromous fish that is physiologically ready to
mostly microscopic, that have either relatively small powers undergo the transition from fresh to salt water, age varies
of locomotion or that drift in the water with waves, currents, depending on species and environmental conditions.
and other water motion.

Smoltification - The biological process whereby an anad-
Poikilothermic Animals - Animals that lack a tem- romous fish becomes capable of undergoing the transition
perature-regulating mechanism that offsets external tem- from fresh to salt water.
perature changes (cold-blooded animals). Their temperature
fluctuates to a large degree with that of their environment. Spawning - The laying of eggs, especially by fish.
Examples are fish, shellfish and aquatic insects.

Spring Overturn - A physical phenomenon that may take
Potamology - Study of the physical, chemical, geological place in a body of water during the early spring. The
and biological aspects of rivers. sequence of events leading to spring overturn include (1)

melting of ice cover when present, (2) warming of surface
Primary Productivity -The rate of photosynthetic carbon waters, (3) density change in surface waters producing con-
fixation by plants and bacteria forming the base of the food vection currents from top to bottom, (4) circulation of the
chain. total water volume by wind action, and (5) vertical tempera-

ture equakty, 4 degrees C. The overturn results in a unifor-
Profundal Zone - The deep and bottom-water area beyond mity of the physical and chemical properties of the water.
the depth of effective light penetration. All of the lake floor
beneath the hypolomnion. Stenotopic Organisms - Organisms with a narrow range

of tolerance for a particular environmental factor. Examples
Public Waters - All waters not previously appropriated. are trout, stonefly nymphs, oyster larvae, etc.

Rearing area - The place where juvenile fish live. It must Storage - Water naturally or artificially impounded in sur-
meet certain environmental requirements for food supply, face or underground reservoirs.
cover, and temperature.

Storage reservoir - A reservoir in which storage is held
Redd (Nest) -A type of fish-spawning area associated with over from the annual high-water season to the following
running water and clean gravel. low-water season. Storage reservoirs

which refill at the end of each annual high-water season are
Reservation - An approved priority claim to water for a "annual storage" reservoirs. Those which cannot refill all
future beneficial use. usable power storage by the end of each annual high-water

season are "cyclic storage" reservoirs.
Rheotropism - Movement in response to the stimulus of a
current gradient in water. Streamflow - The discharge or water flow that occurs in a

natural channel. The word discharge can be applied to a
Riparian - Pertaining to the banks of streams, lakes, or canal, but streamflow describes only the discharge in a sur-
tidewater. face stream course. Streamflow applies to discharge whether

or not it is affected by diversion or reservoirs.
Riffle - A section of a stream in which the water is usually
more shallow and the current is of greater velocity than in Sublittoral Zone - The part of the shore from the lowest
the connecting pools; a riffle is smaller than a rapid and water level to the lower boundary of plant growth.
more shallow than a chute.

Symbiosis - Two organisms of different species living
River Basin - The total area drained by a river and its together, one or both of which may benefit and neither is
tributaries; watershed; drainage basin, harmed.

Run - A group of fish that ascend a river to spawn.
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DEFINITIONS OF COMMON TERMS IN USE

Thermocline - That layer in a body of water where the Turbidity -The cloudiness of water caused by the presence
temperature difference is greatest per unit of depth. It is the of suspended matter. These particles cause light to be scat-
layer in which the drop in temperature equals or exceeds one tered and absorbed rather than transmitted in straight lines.
degree C. (1.8 degrees Fah.) per meter (39.37 inches). It is often measured in Jackson Turbidity Units (JTU).

Trophogenic Region - The superficial layer of a lake in Watershed -The area from which water drains to a single
which organic production from mineral substances takes point. In a natural basin, the area contributing flow to a
place on the basis of light energy. given place on a stream.

Tropholytic Region - The deep layer of a lake, where Zooplankton - Animal microorganisms living unattached
organic dissimilation prodominates because of light defi- in water. They include small crustacea, such as daphnia and
ciency. cyclops, and single-celled animals as protozoa, etc.
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Typical State laws from Revised Code
of Washington (RCW).



LEGAL

The fishery resources at water development prqjects Federal Energy Regulatory Commission (FERC) has
are protected by law under general statutes contained in authority to require basic types of approaches to the
State Codes and Public Laws of the Federal Government. solution oa fishery problems and the authority to make river
Sections vary in wording among the states and their basin decisions.
agencies and do not define the requirements to be fulfilled
under a stated law. In most caes, discretionary powers are General statutes cover habitat protection by limiting
given to the State or Federal officers named by lawto carry types and quantities of pollutants that can be introduced
out the intent of an ac In some cases, commissions are so into aquatic areas by lting operations that damage
empowered. stream beds or shorelines and by limiting water level

changes in lakes and impoundment& Flood control projects
Basically, passage of adult fish at dams is provided by and their operation fall generally under the regulations

the requirement of construction and operation offishways; covering storage and release of water and some cases are
downstream migrants are protected from diversion from modified by local laws.
streams, lakes, ponds, estuaries, salt water areas and im-
poundments by the requirement of screening of intakes. In special cases, fish sanctuaries have been set aside

by legislative action, such as the Wild and Scenic Rivers Act.
As alternatives to the above, in-lieu settlements may be The presence of endangered species may stop, delay or alter

allowed, such as the construction and operation of fish a water use project.
hatcheries or man-made spawning channels or the pur-
chase of fish for planting from existing hatcheries. Of recent development are laws pertaining to the

adequacy of flows in river channels including both mini-
If all or part of a diverted flow is returned to an aquatic mum and maximum flows required for maintenance offish

area (such as processing or coolingwater from steam electric life.
plants), such return flows fall under pollution control regu-
lations. The statutes of individual states and the acts of the

Federal government require agencies involved in water use
Following is a list of agencies that have authority over development to confer with each other for cordinating

aquatic resources. The list may not be all inclusive. Some aquatic protection activities. Where the development of
of the agencies have authority to issue water-use permits; power involves Federal lands, suchas the Federal
others are authorized only to protect the aquatic resource. Energy Regulatory Commission (FERC) have been given

primary authority to require comprehensive project plan-
State fisheries agencies (food fish/commercial) ning or basin-tpe developmenrt and, hence, the language
State game fish agencies of each license issued has an important bearing in the
State fish and game agencies (combined) decision making of allagencies involved. Classification of
Water resource agencies (which may include the three water purity by pollution control agencies may also result

mentioned above) in protection to fish life.
Water conservation agencies (which may include

water engineering) Appropriation acts of the states and the Federal govern-
Bureau of Indian Affairs (acting for Treaty Tribes) ment may also contain languageng to the
Bureau of Land Management administration and requirement for feries protection at
U.S. Forest Service water use developments and should be reviewed for each
National Parks Service project
Environmental Protection Agency
Bureau of Reclamation Since the Federal Courtdecisionsaff rights
U.S. Army Corps of Engineers of Native Americans and the insig•ation the 2-mile
Power Authorities (for production and sale of zone, thebasic Statelawshave been and arebeingmodified

electrical energy) to the extent that it is essential that all actions be reviewed
International commissions with authority to to reflect the results of the above-mentioned changes. The

recommend action to preserve or extend legal aspects of fisheries management have been changed
a specific fishery. radically.

Other agencies, such as the Federal Energy Regulatory Recent legislation in certain states permits the develop-
Commission(FERC), haveauthoritytomodiy thetransfer ment of private hatcheries and the use of the returning
of public water for use by individuals, corporations, busi- runs to a project.
nesses and governmental agencies. In some areas, Indian
tribes claim ownership of the water and its uses. The agency name shown in alaw may havebeen altered,

or the agency consolidatedwith another agency, sometimes
All of the above-listedagencies have project authority resulting in a newly named agency. In almost all cases, the

to initiate research to protect and enhance aquatic re- authority has been transferred to the new agency.
sources. In addition to the authority given to fishery agencies,

Corps of Engineers has authority over navigation im- water uses may be modified by loca p lanin authorities.
provements, flood control and shoreline protection. Caselaw may also fturther define the auttionty of legallyestablished agencies.

Bureau of Reclamation has authority to construct reser-

voirs and waterways for water conservation and its use for There is alonghistoryleadingto the present public laws
diversion and flood control. for the protection of migratory fish, beginningwith Magna
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Charts. ("Magw Chartsorthe'iat charter af KizrgJohjý 75.20.010-030, Columbia River Sanctuay;
granted June 15, A.D. 1215." wSouth Le Gets ra 7&X20040, Fish guards requiedA 75&W0050, Water
Series, Volume 1, No. & Boston Directors at Old Sourth flow to be maintained, 7.060W, Fishwaqw re
Work, Boston, MaIN1chus1etts. 189). On pap 1, item 33 quired in dam;, obstruction....; 7&M 061, Dire ctor
states: ADl kyduls Mwis.) for the time to come shall be put maY modift, eft., inadequate flshwaw. and protes-
dawn inthie river of Thames and Midwayand throughout five deuies; 75.YO7O, UnlawfUl to fish in or
all England, excp upon the rn-coast. interfre with flshwaW, wwu., etc.; 75.2OSA

~n ezciisntUnlawful to interfere with or damage lafdder
under the water, orthewater over the endis contained in fis hacheries may be provided hi 100a ,
"The history and law of fisherkes",, byStart A. Moore and Hydraulic prjc.-pamus be ap oe.HubertfSuatMoore. (Steven and HoynesLaw Publishi- 7.010 oubaRvr.n y-

erB ell Yard, Temple Bar, London, England. 1903).
2. Washington State Game Department, "Games code o

Reference to early federal laws in the United States is the State of Washington, 1964 edition. -Olympia,
contained in Cm *o ffederal laws,, relain to the Washington. 1964.
conservation and deeoment of our nains fish and
wildlife resources- Part Wlshways at river and harbor Section. 77.12.2WK, Hatcheries..; 77.16.210, Aish-
projects Act of August 11, 1885.', ways and proftective devicec; 77.16.221,...riodify

inaequte lsh et.an pjei etde'ices
Over the years,Zthems early acts have been amended and fl1K61 60, Una~dto moetfish screen.;

changed drasticaly with the number of agencies involved 77.16.220, Requirement..
being geatly & Washingtoni State Legislature (41st), First extrordi-

In addition to action by the agencies under their nary session, "1969 session laws, Chapter 183 [En-
granted authorit, in some cases civil action has been used agrossed House Bill No. 305]." Olympia Washington.

sythdates to obtain monetary remursement for the 1969.
loss of aquatic resources unde their stewardship. ... newsection to Ch4Se904RCW .. oipolaaion.

T~ypical at state laws are those in the Revised Code of
Washington (ROW). Then are not necessarily inclusive for 4. Washington State Legisature (41st), First oftraordi-
allastates. nayssso,"969 session laws, Chapter 284 House

1. Washbigton Deperunentof Fisheries, "Fishiefiescode rf giMO"Oyn*Wsigo.10
relatingf to food fish and shellfsh." (As set forth in Section 3 (new section), .etaublish minimum water
Titles 43 and 75, Rtevised Code of Washington.) flow, or levels for streams, lakes or other public
Olympia, Washington. 1964. waters for pw oses ofprotectiiug fish, game birds

Chapter 75.2, Restrict ions as to dams, ditches and o te offiersua.
other uses of waters and waterways. Sections

3.2 Bell Fisheies V-andbook



Chapter 4
Scientific and Common Names
of Some of the More
Abundant Fish Species

Common and Scientific Names
of Selected Species.

Sketches of Commercial, Game
and Resident Species.

oap showi,,ng general range



SCIENTIFIC and COMMON NAMES of Some of the More Abundant Fish Species

Salmon Crappie

Chinook (Oncorhynchus tahawytscha) Black crappie (Pomoi= mvormacadatus)
Coho (Onworhynchua kisutch) White crappie (Pomoxis a'uutlaris)
Pink (Oncor~ynhua gorbuacha)
Chum (Oncorhynchus heta) Perch
Sockeye (Oncorhynchua nerka)

Sacramento perch (arclwplites inftemiptW
Trout Yellow perc Ole?=a flavsesens)

Steelhead (Salmo gairdrserU) Sturgeon
Cutroaino taanI u Sturgeon16 (green) (Ac4eymer medirostris
Brown (Salmo trutta) Stre (white) (Acfpenu tranamontanus)
Golden (Salmo aquabonitoa)*
Atlantic (Salmo salar) Sucker

Char Bridgelip sucker (Catoatomus coluwnbiww)
LUrge scale sucker (Catstmus machwwius)

Brook trout (Saluelinus fontinalia) Mountain sucker (Catoitomus platyrhynchus)
Dolly Varden (Salvelinus malmat)
L~ake trout (Salveinus namaycuh) Mj5laeu

Bass Arctic Gryig (Tymaluqs arcticua)
Striped bass (Moron. aais Bluegill (Lp miemaochimru)

Carp (Cbprma owpio)
White bans (occus chiysopa) Chslot Acrcelsauaea
Largemouth bas (Micropteru sal moide.) Columbia River Chub (rm th

Smlmuhbans (Micropteru dolomtielo (Mylocheilus caurinulamot
Spotted bass (Mi cropterue punctualatus) Dace (Rluinlr ap.)

Bullhmadinseed (Ljomis gibbosus)
Bullhead~~ Rah(ihateles bicolor)

Amercn shad (Alosa aapidissuia)
Yellow bullhead (calduru natalie) Redside shinr (Richardsonius balteatus)
Brown bullhead (Ictaluru nebudosus) Smelt (eulachon) (Thaleic~htyapacificu)
Black bullhead (Icalurus mekas) Squawflsh, (Ptychocthefilu orwgnensi.)

Green Sunfish (Lepomis cyanellus)
Catfish Whitefish (mountain) (Prosopiwn wfflhiamoni)

Channel catfish (Ictalowurupwtatuw)
White catfish (Ictalurus catus)

The American Fisheries Society Names of Fishes Com-
mitemet in Ann Arbor in October, 1988 and made the

decision to change the scientific names of certai species of
trout. The common names remain unchanged.

Old Name New Name

Sahmo gadnrwi Oncorhynchus mykiss
Salmo darki Oncorhynchus clarhi
Salmo aquabonita Oncorhynchus aquabonita
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SCIENTIFIC and COMMION NAMES of Some of the More Abundant Fish Species

ComercalGame and Resident Species

Universal Fish

Jaw-

Babesvent Caudal Fin
Pecoa pelvic Anal Fin

Fins Fis

(Length given In inches is reprsnaie hr a
Doe regional and local size variations.)

SalmonTroutChar

(1-6ink hs S'(21 nhs

Chino

gjelo Bullheadead

Broun Bullhwn

(14-30 in(hes inch..))

Black Bullhead

Be~(6 inches) nhes

(2-3iches)

Smailmouth Bass
(10-19 inches)

Channel Catfish(10-16 inches)

Blue Gill
(7-12 inches)

(6-7 inches)
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SCIENTIFIC and COMMON NAMES of Some of the More Abundant Fish Species

Columbia River Chub Redside Shiner
(4-12 inches) (2.3-3 inches)

Black Crappie, Smelt
(7-12 inches) (8-10 inches)

White Crappie S
(7-12 inches)Squawflsh (7-12 ice(24-36 inches)

Dace Green Sturgeon
(2.3-3 inches) . (60-84 inches)

Sacramento Perch
(3.5-9 inches) White Stuwgeon

(60-156 inches)

Yellow Perch , ,
(5-12 inches)

Bridellp Sucker
(8-12 inches)

Pumpkl-s--
(7-9 inches)

Roach • Green Sunfish
(3-5 inches) (4-8 inches)

American Shad
(10-13 inches)

Whitefish
(17-22 inches)
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Chapter 5
Useful Factors in Life History
of Most Common Species

Chinook salmon present in large

rivers throughout year.

Sex ratio may be unbalanced.

Returning times of male and females
may be different

Fishing pressure may change
sex ratio.

Jacks.

Males live longer and may re-mate.

Occurrence and spawning
characteristics of salmonid and
related species.

Number of eggs vary.

Hatching time measured in
degree days, with number required
affected by normal ambient
temperatures of region.

Energy requirements for salmonids.

Egg sizes.

Method for determining brood year.

Useful Factors in Life History of
Most Common Species in Western
United States.

Biological Information on Some
Common Species in Continental
United States.

A. Pacific Salmon Adults.
Average Length in Inches. Average
Weight in Pounds.

B. Length/Weight Relationship
for Adults of Major Species in the
Study Area.



USEFUL FACTORS In LIFE HISTORY of MOST COMMON SPECIES

In using the tables, it must be recognized that there required for salmon hatching and an equal number for the
are variables not shown. The tables are intended to cover absorption ofthe yolk mc, which gives approximately 1,800

tfactors that affect to some degree the designoffish degree-days. In contrast to the samon hatching period
iL=*ties They do not depictthefull range offactors needed incubation of trout eggs requires appr0dimate 0e-

for the management of the species. pree-days.

In large rivers it has been shown that chinook salmon Because of the variation, them figures should be used
are generally present throughout the year. only as an approximation of the length of time that eitherspend in a spawning bed or a hatching facility.

In anadromous species the sex ratio of returning fish is
assumed to be closely balanced; however, there are known Although the energy utilization is not thoroughly de-
variations. It is not uncommon to find up to 20 percent scribed, it is useful for comparative purposes It could be
precocious males in runs in major streams. When consider- expected in the anadromous stocks, which cease feeding
ing a specific site, such factors can have an important upon entering fresh water, that the male uses over 60
bearing on the numbers to be handled. percent of its stored energy for body maintenance and the

female uses less than 60 percent at normal temperature
Not infrequently, more normal sized males than females levels to time of death. The sex products of the female

appear in the early part of a run, although the sex ratio may account for 16 to 18 percent of the body energy, asopp-ed
be closely balanced by the end of a season. Early and late to 5 to 6 percent in the male. It could be expected =at the
segments ofruns are subjected to the most adverse natural female uses double the body energy in nest building (3 to 5
conditions that may diminish the effectiveness of these percent) as does the male. Therefore, as noted above, the
spawners. Sex ratios within various streams maybe unbal- males, living longer, would require more energy for body
anced by fishing pressure of differential gear efficiencies, maintenance.

Jacks ofthe various species are generally considered pre- Egg size is a function of size or age of females. Larger,
cocious males that mature one to two years in advance of older sinaies produce larger eggs. Egg sizesgivengenerally
the normal cyclic time. Occasionally a few early-maturing refer to green eggs; however, the sizes of water-hardened
females have been noted. The cause ofprecociousness is not eggs represent space room required in artificial propa-
fully understood. The literature attributes population gation and areapproximatedinthetableshere, astheyvary
pressures and artificial propagation techniques as possible widely.
causes.

UnBrood years were defined by the Pacific Marine
Under nornmal wnng conditions the fish are paired, sheries mmisuion in 1957 as foblow&

although a male will mate more than once. Males usually
outlive females and, in general, can be said to live slightly 'Brood year' referstothe calendaryearinwhich the bulk
longer in fresh water than females. of eggs is deposited. Time of egg deposition by a given

species is determined by its ha its over most of its range
Time for the completion of the spawning act may vary in Western North America.

from three to seven days. This is an important item in de-
termining spawning bed sizes. For example:

Redds must not be dried or exposed to stagnant water. 1. Use as brood year the calendar year of spawning for
Eggs should not be disturbed during the tender period, after pink, sockeyetand chinook salmon and for cutthroat
they are water hardened and before they are eyed. (See and wild raibw troutChapter 7, "Spawning Criteria.") 2. Use asbroodyearthe earlier ofthetwo calendaryears

The number of eggs carried within the females varies of spawning for chum and silver salmon.
with size and species and may not be 100 percent viable.
The literature discloses that eggs maybe retained and not 3. Useasbroodyearthe laterofthetwo calendaryearsof
extruded before death. Not all of the eqs in a skein rien spawning for steelhead and fall spawning rainbow
simultaneously. Fry emerge somewhat in the order ofte trout.
time of depositing in the redd, accounting for peaks of
downstream migration. Atlantic salmon are now being introduced in the Great

Lakes and, by pen rearing, on the Atlantic and Pacific coasts.
Hatching time is a function of temperature: adegree-day See Steelhead, Chapter 5, for approximate life history.

is one degree above 32 F. for a 24-hour period. With
considerable variation, approximately 900 degree-days are See Chapter 4, "Scientific and Common Names of Some

of the More Abundant Fish Species," Exhibits 1 - 9 for
eneral range of species. See also Chapter 21, "Fish
Diseases," hapter 12, "Silt and Turbidity," Chapter 7,
"Spawning Criteria," and Chapter 10, "Water Quality."
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Most Common Species in Western United States

Predaceous, Av. No.
OcurneForage, Ageat. Weight of Eggs Time in F.W. Time in

Occurrence Nuisince wt'ty (Ran•e) Range) (Rearing) Ocean

Fail Chinook
Salmon

Main Columbia R., SIC 3-5 yrs. 15-40 lb. 6,000 Up to I year 2-5 yrs.
Snake &., & tribs. (av. less (av. size,

than 20 lb.) 11 mm.)

Large streams SC 3-5 yrs. 15-20 lb. 5,000 Dec.-June 2-5 yrs.

Medium streams SC 3-5 yrs. 15-20 lb. 5,000 Dec.-June 2-5 yrs.

Small streams SIC 3-5 yrs. 15-20 lb. 5,000 Dec.-June 2-5 yrs.

Coastal Wash., SC 3-5 yrs. 15-20 lb. 5,000 3-5 mos. 2-5 yrs.
medium streams

Coastal Wash., SC 3-5 yrs. 15-20 lb. 5,000 3-5 moe. 2-5 yrs.
small streams

Sacramento R. SC 4 yrs. 10-50 lb. 5,000 3 mos. 3+ yrs.
(fall) (av. 20 lb.)

Sacramento R. S 4 yrs. 10-30 lb. 5,000 3mo. 3+ yrs.
(winter) (av. 15 lb.)

Sacramento R. S 4 yrs. 10-30 lb. 5,000 2 mos. 3+ yrs.
(spring) (av. 15 lb.) (Aug.-Sept.)

Spring Chinook
Salmon

Columbia R., SC 4-6 yrs. 10-20 lb. 5,000 1 yr. or 2-5 yrs.
Snake k., and (av. 15 lb.) (av. size, longer
upper tribs. 11 mm.)

Large streams SC 4-6 yrs. 10-20 lb. 5,000 Year around 2-5 yrs.
(av. 15 lb.)

Coastal Wash., SC 4-6 yrs. 10-20 lb. 5,000 1 yr. + 2-5 yrs.
medium streams (av. 15 lb.) sea-ward

migration

Summer Chinook
Salmon

Columbia IL and SC 4-6 yrs. 10-30 lb. 5,000 1 yr. or 2-5 yrs.
upper tblbs. (av. 14 lb.) (av. size, longer

11 mm.)

L.2 Bell Fisheries Handbook



USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Time of
Adult Preferred Spawning Egg Downstream Remarks -
Migration Temperature Time Incubation Migration Uses or Effects On Other Fish

(2-3 in.) Nest builders

Spawning,
Aug.-Dec. incub., Sept thru Sept-Mar. April-June

=-F., Jan.Rearina

53.6-57.2 F.

Mid July-
late Sept Mid Sept.- Mid Sept- April-June

late Oct. early Jan.

Early Sept- Mid Sept.- Mid Sept- April-June
late Oct late Oct early Jan.

Mid Sept- Late Sept.- Late Sept.- April-June
late Oct. late Oct. early Jan.

Aug. thru Sept- Sept-Mar. Jan.-Aug.
Nov. mid Dec.

Late Sept- Oct.-Jan. Late Sept.- Jan.-Aug.
thru Nov. Mar.

Sept thru 50-55 F. Oct.-Nov. Oct.-Dec. April-early
Nov. June

Dec. thru 50-55 F. Late Dec.- Jan.-June Oct.-Dec.
Mar. May

April-May 50-55 F. June-July June-Sept Nov.-Dec.

(3-5 in.) Nest builders

Jan. thru 50-55 F. Late July- During 2nd
May late Sept. spring and

summer

Early Apr.- 50-55 F. Early Aug.- Early Oct.- Mar., July
late July early Oct. mid Jan.

March-early 50-55 F. Aug.- Late Aug.- During 2nd
June midOct. Jan. sprin

at 5.-in.

Nest builders

June-mid 50-55 F. Se~pt- During 2nd
Aug. mid Nov. spring
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Most Common Species in Western United States (Continued)

Sport

Predaceous, Av. No.
Forage, Age at• weight of Eggs Time in F.W. Time in

Occurrence Nuisance Maturity (Range) (Range) (Rearing) Ocean

Coho Salmon

Large streams I SC 3 yrs. 5-20 lb. 3,000-4,000 1 yr. + 2 yrs.
(av. 8 lb.) (av.size, (year

6.6-7.9mm.) around)

Medium streams SIC 3 yrs. 5-20 lb. " Year around 2 yrs.
(av. 8 lb.)

Small streams S,C 3 yrs. 5-20 lb. " Year around 2 yrs.
(av. 8 lb.)

Coastal Wash., SC 3 yrs. 5-20 1b. " 1 yr. + 2 yrs.
medium streams (av. 8 lb.)

Coastal Wash., SC 3 yrs. 5-20 lb. 1yr. + 2 yrs.
small streams (av. 8 lb.)

Lower and middle. SC 3 yrs. 5-20 1b. 1 yr. + 2 yrs.
Columbia R. (av. 8 lb.) (year
and tribs. around)

Note: Small runs
appear in June in
certain streams.

Pink Salmon

Large streams CS 2 yrs. 3-10 lb. 1,500-2,700 Mid Jan- 1-1/2 yrs.
(av. 4 lb.) (av. size, late May

7 mm.)

Medium streams CS 2 yrs. 3-10 lb. Dec.-Mar. 1-1/2 yrs.
(av. 4 lb.)

Small streams CS 2 yrs. 3-10 lb. Dec.-Mar. 1-1/2 yrs.
(av. 4 lb.)

B.C. and C 2 yrs. 3-10 lb. Feb.-May 1-1/2 yrs.
S.E. Alaska (av. 4 lb.)
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Time of
Adult Preferred Spawning Egg Downstream Remarks -
Migration Temperature Tune Incubation Migration Uses or Effects On Other Fish

(3.5-4.5 in.) Nest builders

Earl Oct.- Spawning, Mid Nov.- Mid Nov.- Mar.-July
late Dec. egg Incub., early Jan. early Mar.
(peak in 50-55 F.,
Nov.) Rearing

53.6-57.2 F.

Mid Oct.- Mid Nov.- Mid Nov.- April-June
mid Jan. mid Jan. late Mar.

Early Nov. Mid Nov.- Mid Nov.- April-June
-early Jan. early Jan. mid Mar.

Sept-Jan. . Mid Oct.- Mid Oct.- Mar.-July
(peaks Oct. Mar.(mainly May of 2nd year,
andNov.) Nov., (paks in

Dec., Jan.)
June)

Oct-Jan. Nov. thru Oct-May
(early and Feb. (peak
late runs) late Nov.-

mid Jan.)

Late Aug.- Sept-Mar. Sept-April Mar.-July
Feb. (peak
in Oct.)

(1-1.5 in.) Nest builders

Mid July- 50-55 F. Late Aug.- Late Aug.- Dec.-May Mainly commercial catch; small sport
late Aug. late Oct. mid Oct fishery, runs occur in Puget Sound

only in odd-numbered years.

Mid Sept.- 50-55 F. Late Sept- W Late Sept.- Feb.-May
late Oct. late Oct. early Jan.

Mid Sept- 50-55 F. Late Sept- Late Sept- Feb.-May
late Oct. late Oct. late Jan.

Sept-Oct 50-55 F. Late Sept- Late Sept- April-May
late Oct. late Feb.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Most Common Species In Western United States (Continued)

SComm~ercial
Predaceous, Av. No.
Forage, Age at weight of Eggs Time in F.W. Time in

Occurrence Nuisance Maturity (Range) (Range) (Rearing) Ocean

Chum Salmon

Large streams C 3-4 yrs. 8-12 lb. 3,000 Dec.-May 2-1/2 -
(av. 10 lb.) (av. size, 3-1/2 yrs.

7-8.7 mm.)

Medium streams C 3-4 yrs. 8-12 lb. Feb.-May 2-1/2-
(av. 10 lb.) 3-1/2 yrs.

Small streams C 3-4 yrs. 8-12 lb. Feb.-May 2-1/2 -
(av. 10 lb.) 3-1/2 yrs.

Coastal Wash., C 3-4 yrs. 8-12 1b. I mo.+ 2-1/2-
medium streams (av. 10 lb.) 3-1/2 yrs.

Coastal Wash., C 3-4 yrs. 8-12 lb. I mo. 2-1/2-
small streams (av. 10 lb.) (approx) 3-1/2 yrs.

Sockeye Salmon

Columbia IL to C 3-5 yrs. 3-8 lb. (av. 3,500 1-3 yrs. 1-4 yrs.
Alaska, in some 6 lb.) larger (av. size,
large streams that in Alaska 5.5-6 mm.)

rde lake

Kokanee

Calif, Oreg., S,F 2-7 yrs. 1/8-1 lb. 400-500 Life
Wash., and B.C. (mostly (8-18 in., for fish
in large, cool lakes 3-5 yrs.) av. 12 in.) 11-12" length
and reservoirs
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Time of
Adult Preferred Spawning Egg Downstream Remarks -
Migration Temperature Tune Incubation Migration Uses or Effects On Other Fish

(1.5-2 in.) Nest builders

Earl Sept.- 50-55 F. Mid Sept- Mid Sept.- Dec.-May Runs of chum salmon have
late Dec. early Jan. early Mar. declined greatly in recent years

throughout the range.

Mid Nov.- 50-55 F. Early Dec.- Early Dec.- Feb.-May In southern Puget Sound and Hood
mid Dec. mid Jan. mid Mar. Canal many medium and small size

streams have chum runs with timing
similar to pink salmon.

Mid Nov.- 50-55 F. Early Dec.- Early Dec.- Mar.-May
mid Jan. mid Jan. mid Mar.

Oct.-early 50-55 F. Mid Oct Mid Oct.- Feb., Mar.
Dec. (peak thru Dec. Mar. and April
in late Oct (peak in
and Nov.) Nov.)

Mid Oct- 50-55 F. Late Oct.- Mid Oct.- Feb., Mar.,
early Nov. mid Dec. Mar. and April( ain

(3.5-5 in.) Nest builders

Some river 50-55 F. Aug.-Nov. 80-140 days April-June Fry enter lakes where they remain
systems as depending on (sea-ward) one to three years before migrating
Fraser and temp.; fry to the ocean.
Skeena have emergence
2 peak in April-May.
periods (early
runs in late
July-early
Aug.; late
runs in
Sept.-Oct.)

Nest builders

Late July- 50 F., Aug.-Jan., Aug.-Feb. Sept.-Mar. Formerly limited to lakes with
Dec. Spawn at depending residual sockeye populations; later

44-54 F., on on water successfully introduced into many
falling temp. temp. and inland lakes and reservoirs; often

race of fish. easily caught; good sport fish,
Most spawn provides forage for large trout in
in late fall; some areas, spawning occurs in tribs.
often 2 to lakes or around lake shore.
strains Primarily plankton feeders.
planted;
early run,
Aug.-Oct.
late run,
Oct.-Feb.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Most Common Species in Western United States (Continued)

Cortmercial,
Predaceous, Av. No.
Forage, Ageat Weight of Eggs Time in F.W. Time in

Occurrence Nuisance Maturity (Range) (Range) (Rearing) Ocean

Steelhead

Coastal streams Egg sizes
and river systems, var widely
northern Caf. with size of
to Alaska female.

(Consider
4-6 mm.)

Summer Run

Wash. streams S 3-6 yrs. 5-30 lb. 5,000 1-3 yrs. 1-4 yrs.
(av. 2 yrs.)

Columbia R. S 3-4 yrs. 4-12 lb. 2,500 1-2 yrs. 2-3 yrs.
"A" Group (av. 5-6 lb.)

"B" Group S and 5-6 yrs. 8-20 lb. 3,500 1-2 yrs. 3-4 yrs
incidental (av. 9 lb.)
commercial
catch.

Winter Run

Wash. streams S 3-6 yrs. 5-28 lb. 3,500 1-3 yrs. 1-4 yrs.
(av. 9 1b.) (av. 2 yrs.)

Columbia R. S and 3-6 yrs. 6-20 lb. 3,500 1-2 yrs. 1-4 yrs.
incidental (av. 8 lb.) (av. 2 yrs.)
commercial
catch

Fall Run

Sacramento R.. S 2-3 yrs. 1-12 lb. 1,500 1 yr. 1-2 yrs.
(av. 4 lb.)

Spring Run

Columbia R. S and 3-5 yrs. 5-20 lb. 2,500 1-2 yrs. 2-3 yrs.
incidental
commercial
catch

Rainbow Trout

Throughout S 3-4 yrs. 1/4-42 lb. 1,500 Life
Pacific slope; (av. 1/2 lb.) (av.size,
widely distributed 3.1-6.9 mm.)
thru ateries
into other regions;
Baja Calif. to
Bristol Bay, Alaska,
abundant
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Time of
Adult Preferred Spawning Egg Downstream Remarks -
Migration Temperature Time Incubation Migration Uses or Effects On Other Fish

(6-8 in.) Nest builders

April-Nov. 50-55 F. Feb.-June Feb.-July Mar.-June Sport caught

June-early 50-55 F. Feb.-March Feb.-April Mar.-June Mainly sport caught
Aug.

Aug. thru 50-55 F. April-May April-June Mar.-June Sport and commercial catch
Oct.

Nov.-mid 50-55 F. Feb.-June Feb.-July Mar.-June Important sport fishery
June

Nov. thru 50-55 F. Feb. thru- Feb.-June Mar.-June Sport and commercial catch
May May

Early Aug.- 50-58 F. Jan.-Mar. Jan.-April Next spring Popular sport fishery
Nov. as yearlngs

Late Feb.- 50-55 F. Late Dec.- Late Dec.- Spring and Sport and commercial catch
early June Mar. May summer of

following
year

Nest builders

50-58 F. Normally Normally Good sport fish; adaptable to
spring; April-June hatchery production and to varied
hatchery depending on environment, stream spawner, often
brood- water temp. migrates into lakes for better food
stocks of fall supply.
spawners
have been
developed.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Most Common Species in Western United States (Continued)

Cmercial
Predaceous, Av. No.
Forage, Age at. Weight of Eggs Time in F.W. Time in

Occurrence N Maturity (Range) (Range) (Rearing) Ocean

Coastal
Cutthroat Trout

Northern Calif. SP 3-4 yrs., Resident 800-1,200 Life or Sea-run
to Prince William (large fish) sea-run 1/4-17 lb. sea-run 1/2-1 yr.
Sound in southeast 2-5 yrs. sea-run 1-3 yrs.,
Alaska 1/2-4 lb. normal 2 yrs.

(av. 1 lb.)

Golden Trout

Upper Kern R. S 3-4 yrs. 1/4-3 lb. 300-800 Life
in Calif.; also (av. 1/2 lb.)
hatchery propagated
and stocked at
high elevations in
So. Sierra Nev.
mountains.

Brown Trout

Introduced into S,P 3-4 yrs. 1/4-40 lb. 1,500-2,500 Life
streams, lakes and (large fish) (av. 1-3 lb.) (av.size, 4.05-
reservoirs; Calif 5.39 mm.)
to B.C.

Brook Trout
(Char)

Introduced S 3-4 yrs. 1/8-5 lb. (av. 500-2,500 Life
throughout the 1/4-1/2 lb.) (av.size,
U.S. west of the 4.1-5.5 mm.)
Continental Divide;
well established in
many mountain
lakes and streams
where it frequently
becomes overpopu-
lated and stunted.

Dolly Varden
(Char)

Native to S,P 4-6 yrs. 1/4-20 lb.(av. 1,500-3,500 Life, Sea-run.
Pacific slope from 1/2-3 lb.) (av. size, (sea-run Migrate
McCloud R., Calif. 5-6 mm.) 2-3 yrs.) from ocean
to Kamchatka and to lakes
west to Japan; each fall.
widely distributed
in both lakes and
streams. Sea-runs
occur in some areas,
particularly in B.C.
and Alaska with
fish of large size.

5.10 Bell Fisheries Handbook



USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Time of
Adult Preferred Spawning Egg Downstream Remarks -
Migration Temperature Time Incubation Migration Uses or Effects On Other Fish

Nest builders

Sea-run July- 50 F. Resident Resident Sea-run Native to Pacific slope; spawns in
Dec. Feb.-May; Feb.-June; Mar.-June small, cool, well-aerated streams.

sea-run June, Dec.- Mostly wild stock; not easily held
Dec.-June July for hatchery production.

June-late 50 F. June-late -20 days None Occur only in small streams and lakes
Aug. Aug. at 58 F. at high altitudes of Sierra Nevada.

Very highly colored. No golden trout
eggs shipped from Calif.

Nest builders

55-60 F. Fall and Sept-Dec., Tolerates warmer water than most
early winter depending on trout; the only trout with both black

conditions. and red spots; cannibalistic; many
reach large size; unusually waxy
and often hard to catch.

Nest builders

50-55 F. Fall Sept.-Dec., Spawns successfully in fall in lakes
depending on and streams at hi her elevations.
water temp. Prefers cool water. Has light colored

spots against darker body color,
dorsal wavy reticulation, white-edged
ventral and anal fins, small scales.

Nest builders

Mid Aug.- 50-55 F. Sept-Nov. Sept-Mar. Sea-run Not highly regarded as sport fish;
early Nov. depending on spring and prefer deep-water lakes; considered
(ocean to water temp.; early predaceous on eggs and young of
lake) Most hatch summer, salmon and trout; long-lived, about

in Mar., mainly May 8 years; few spawn more than twice;
4-5 mo. after and June as spawn in parent stream; winter in
fertilization. 4-5 in. lakes.

smolts
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Most Common Species in Western United States (Continued)

Predaceous, Av. No.
Forage, Ase at weight of Eggs Time in F.W. Time in

Occurrence Nuisance Maturity (PRim) (Range) (Rearing) Ocean

Lake Trout or
Mackinaw (Char)

Introduced from SP 4-5 yrs. 1-80 lb. 2,000-6,000 Life
Great Lakes Area (usually
into a few large, 5-20 lb.)
deep, cold-water
lakes of the Pacific
slope from Calif.
north and in some
inland mountain
areas. Native to
many large lakes ininterior B.C. and
Alasks.

Arctic Grayling

North Canada, S 3-4 yrs. 1.5 lb. 4,000-10,000 Life
Alaska and Mont. (in 7th yr.) (av. size,

3.7 mm.)

Rocky Mountain
Whitefish

East slope of the S 3-4 yrs. 1/8-4 lb. (av. 2,500 Life
Sierra Nevada in 1/2 lb. wt.
Calif and Nev., and 11 in.
west slope of the length)
Continental Divide
in mountain
streams and lakes
of Mont., Idaho,
Utah, Oreg., Wash.,
B.C.,
including some
interior east slope
river systems
in B.C.

White Sturgeon
From Monterey SC Females, -5-1800 lb., . 50,000- Varies -some Varies
Bay, Calif. to 12-15 yrs. female 5 million migrate,
Alaska, in major weighs 40 lb. some remain
river systems. at 12 yrs. age in F.W.

(av.) and 4
ft. in length.

Green Sturgeon
Southern Calif. to C 12-15 yrs. 5-350 lb. 50,000- Seldom in Mainly
Alaska; usually in 2 million F.W. in salt or
brackish or salt brackish
water in the water
estuaries or near
the ocean entrance
of major rivu,
systems.
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USEFUL FACTORS In LIFE HISTORY of MOST COMMON SPECIES

Time of
Adult Preferred Spawning Egg Downstream Remarks -
Migration Temperature Tune Incubation Migration Uses or Effects On Other Fish

Nest builders

45-50 F. Fall Sept-Mar. Largest of the chars; spawn in lakes
depending on m rocky ledges without building
water temp. redd; found in cold, deep water, very

predaceous; not easily caught; sport
value is chiefly in frequent lage
size. Hybrid from female lake trout
and male brook trout, called
"splake" is artificially propagated
and stocked in B.C.; long-lived
(up to 20 yrs.)

Nest builders

May-June 48 F. May-June May-July June and Slightly adhesive eggs.
Sept- Oct.

45-50 F. Fall (Oct.- Oct. Small sucker-like mouth, adipose fin;
Nov.) spawn thru March; prefer clear cold water, mainly a
from 42 F. 5 mo. at bottom feeer;, competes with trout
down to 35 F. (hatch and salmon; eggs released freely -
32 F. on mainly in no nest building-, some limited
falling temp. March at winter sport fishery value.

40-42 F.)

Downstream Mod. to Spring and 1-2 weeks, Summer Small commercial and sport
in summer cool water, summer depending on fisheries; roe is valued for caviar,
and fall; adaptable to temp. fish are bottom feeders, long-lived,
upstream wide temp. fish over 80 yrs. of age recorded.
in spring range. Mainly a winter fishery.

Slight Ocean temp. Spring and 1-2 weeks Slight Smaller than white sturgeon, and
migration summer of inferior quality as food; less

common than the white sturgeon.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Most Common Species in Western United States (Continued)

Predaceous, Av. No.
Forage, Age at. Weight of Eggs Time in F.W. Time in

Occurrence Nuisance atut (Range' (Range) (Riering) ocean

Columbia River
Smelt (eulachon)

Northern Calif. to S,C 2-3 yrs. 2 oz (under 25,000 Slight-drift Usually
northwest Alaska in 12 inches in (7,000- to ocean 3 yr.
some major river length at 60,000) soon after
sytems. maturity) hatching.

American Shad

Cal to Alaska, SC Female- 2-6 lb. 30,000 2-3 mos. 5-6 yrs.
mainly between 6yrs., (av. 3 lb.) (25,000-
the Sacramento R. Male-5 yrs. 156,000)
and Columbia R. 2.5-3.5 mrm.
In Columbia R. (skein)
spawning mainly off
Washougal reef and
from Bonneville to
John Day dams.

Striped Bass

Exotic sp. SP Female- 1-1/2-80 lb. 900,000 Varies; some Varies,
spread north from 5Yrs., (av. 8 lb.) (9 lb. fish) sta in fresh usually
Sacramento R. aile-2 yrs. (av. size, 1.28- andbrackish less than
delta and San 1.36 mm) water, many I yr.
Francisco Bay but (Swells migrate to
not numerous north 2-1/2 times ocean in fall
of Umpqua X in 12 hrs.) at 2 yrs. of
Landlocks! in age.
some large Calif.
reservoirs.

Largemouth Bass

Warmwater lakes SP 1-2 yrs. 1/2-10 lb. 5,000-8,000 Life
and reservoirs, (9-10 (av. 2-3 lb.)
Calif. to B.C. inches).

Smallmouth Bass
Scattered warm- S,P 2-3 yrs. 1/2-5 lb. 2,000-5,000 Life
water streams, (av. 1-2 lb.)
lakes and reser-
voirs; Calif.
to B.C. Not com-
mon in northwest.

White Bass
Introduced S,C,P 2-4 yrs. 1/2-3 lb. 200,000- Life
into Calif. from 900,000
Mississippi I. (av. 500,000)
drainage; stocked
in Nacimiento
reservoir.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Timed
Adult Preferred Sawn Egg Downstream Remarks

TemperatureIncubation Migration Uses or Effects On Other Fish

Adhesive eggs

Late Dec.- 45-47 F. Jan.-Mar. 3 weeks Feb.-Mar. Adults die after spawning;, spawn
Mar. at 47 F. (fry carried in major trib. over fine sand to

by stream which eggs adhere. Caught by
currents to hand dip-netting; popular sport
ocean soon and food fish during short
after spawning migration period.
hatching)

Demersal eggs

U s m, Prefer July 3-6 days Fall Exotic sp. spread north from
d May- moderate depending on Sacramento &; eggs released freely

July (peak temp., temp. into water, some repeat spawning
in June) but many die after spawnimng; roe is

valued; not an important fresh food
fish; some fille and smoked;
good sport fish.

Demersal eggs

Upstream 60-65 F. April-June 60 hrs. Late summer Eggs released freely into water and
annually in (neak in at 64 F. and fall carried by currents during
April-June May) incubation; predaceous on small
for spawning fish; excellent sport and food fish.

Nest builders

70-75 F. Spring, 5 days No Important sport fish; very predaceouswater temp. at 66F., an canibalistic.
above 60 F. 2 days

at 72 F.

60-70 F. Spring, 3-3/4 days No Nest builders
water temp. at 67 F.;
above 60 F. 3-1/2 days Good sport fish in some sluggish

at 71 F.; streams and impoundments.2-1/2 days
at 78 F.

Mainly in lakes and large, shallow
Upstream 55-60 F. April-June 20 days Return to reservoirs; also thrive in large rivers
annually at 60 F. deep water Require abundant forage fish, as
April-June after gzr or threadfin shad. Female

spawning lays demersal adhesive eggs near
surface that sink and adhere to
rocks and vegetation.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Most Common Species in Western United States (Continued)

Predaceous, Av. No.
Forage, at Weight of Eggs Time in F.W. Time in

OcurneNuisance = ty (Range) (FRange) (Rwuing) ocean

White Crappie

Warmwater lakes, SYP 2-3 yrs. 1/3-4 lb. 2,000-14,000 Life
reservoirs and N when
river sloughs, over-
Calif. to B.C. population

occurs

Black Crappie

Warmwater lakes, SIP 2-3 yrs. 1/3-4 lb. 20,000- Life
reservoirs and river N when 60,000
sloughs, Calif to over-
B.C. population

occurs.

Bluegill

Warmwater ponds, S,F 1 year plus. 1/8-1/2 lb. 3,000 Life
lakes, reservoirs N when (av. size,
and sluggish over- 1.04 mm.)
streams. population

occurs.

Pumpkinseed

Moderately SF, I year plus. 1/8-1/2 lb. 1,500 Life
warm ponds, lakes, N when
reservoirs and over-
slupgish streams population
having abundant occurs.
aquatic vegetation,
Calif. to B.C.

Green Sunfish

Warmwater lakes, S,F,P, 1 year plus. 1/8-1/2 lb. 1,500 Life
reservoirs and N when
"sish streams, over-

oWash. population
occurs.

Sacramento
Perch

Cal and Nev., SP 1-2 yrs. 1/4-3 lb. 84,000 Life
sloughs and slug-
gish river channels,
clear lakes in Calif.,
Pramid and
W Lakes in
Nev.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Time of
Adult Preferred Spawning Egg Downstream Remarks -
Migration Temperature Time Incubation Migration Uses or Effects On Other Fish

Nest builders

64-68 F. Mar.-July Adaptable to turbid water where
spawning they predominate over black

crappie.

Nest builders

75 F. growth, Mar.-July Predominate over white crappie in
58-64 F. clear waters.
spawning.

Nest builders

60-80 F. for April-Sept., 32 hrs. at No Good forage fish; very prolific; good
growth,above peak May- 72-74 F. pond sport fish. Maturity is based
68 F. for June on size rather than age.
spawning.

Nest builders

60-70 F., April-Sept, 3 days Adaptable to cooler water and more
above peak May- at 82 F. aquatic vegetation than bluegill.
68 F. for June
spawning.

Nest builders

Spawn -Manugn Adaptable to cooler water than other
above 60 F., p in June sunfish; often compete with trout in
60-70 F. reservoirs; hybridizes readily with

other sunfish.

71-75 F. May-Aug. California native species;
no longer abundant due t-, e~g
predation by exotic species; "ut
widely distributed; stocking usually
not successful; not a nest builder,
eggs slightly adhesive.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Most Common Species in Western United States (Continued)

Commercial,
Predaceous, Av. No.
Forage, Age at Weight of Eggs Time in F.W. Time in

Occurrence Nuisance maturity (Range) (Range) (Rearing) ocean

Channel Catfish

Warmwater lakes, S 5-8 yrs. 1/4- 4,000-40,000 Life
reservoirs and 13-1/2 lb. (av. size,
streams; Calif. 3.2 mm.)
to Wash.

White Catfish

Warmwater lakes, S,C,P 3-4 yrs. 1/4- 2,000-4,000 Life,
reservoirs and large 3-1/2 lb. (fresh to
streams in Calif.; slightly
widely distributed; brackish
abundant in water)
Sacramento R.,
San Joaquin R.
delta.

Yellow Bullhead

Warmwater lakes, S 3 yrs. 1/4- 2,000-12,000. Life
reservoirs and 2-1/2 lb.
sluggish streams;
Colorado R. in
Calif., scattered
areas in Oreg.
and Wash.

Brown Bullhead

Warmwater ponds, S, 3 yrs. 1/4-3 lb. 2,000-12,000 Life
lakes, reservoirs N when they
and sluggish overpopulate
streams; Calif. to and become
B.C., abundant, stunted.

Black Bullhead

Warmwater ponds, S, 3 yrs. 1/4-3 lb. 2,000-12,000 Life
lakes, reservoirs N when they
and sluggish overpopulate
streams; Calif. to and become
B.C.; abundant. stunted in

small lakes
and ponds.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Time of
Adult Preferred Spawning Egg Downstream Remarks -
Migration Temperature Time Incubation Migration Uses or Effects On Other Fish

Nest builders

80 F., May-July 9-10 days Excellent sport and food fish;
Spawn at at 60-65 F., slow growth and stunting occurs in
70-85 F. 5-6 days turbid waters.

at 77 F.

Nest builders

70-75 F., June-July 6-7 days Important commercial and sport fish
Spawn at 80 F. in Calif, prefer clear, open water
above 70 F. without dense aquatic vegetation.

Nest builders

70-75 F., Late spring 5 days Has rounded caudal fin and white
Spawn at and early at 77 F., chin barbels; prefers clear water
69 F. and summer 7 days and abundant aquatic vegetation.
above, at 69 F.

Nest builders

70-80 F., Late spring 5 days Has square tail and dark chin
spawn and early at 77 F. barbels; brown mottled sides,
at 69 F. summer 7 days pectoral fins with barbed spine;
and above, at 69F. prefers warm water.

Nest builders

70-80 F., April-June 5 days Has square tail and dark chin
spawn at 77 F., barbels; dark brown sides are
at 60 F. 7 days not mottled, pectoral spines not
and above. at 69 F. barbed, body short and stouter

than brown bullhead; tolerant to
high temperature, turbid water
and many pollutants.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Most Common Species in Western United States (Continued)

Commercial,
Predaceous, Av. No.
Forage, MAAeat Weight of Eggs Time in F.W. Time in

Occurrence Nuisane tity (Range) (Range) (Rearing) Ocean

Yellow Perch

Lakes, reservoirs S, 1-2 yrs. 1/8-3 lb. 5,000-50,000 Life
and sluggish N when they (av. 1/4 lb.)
streams of overpopulate
moderate and becme
temperature; stunted;often
Calif. to B.C.; compete with
abundant trout Larger

fish are pre-
daceous.

Carp

Lakes, reservoirs, SC, Male- 1/4-60 lb. 1/2 million- Life
ponds, and slug- N when 1-2 yrs., (av. 2-6 lb.) imillion
gish streams of they over- Female- (av. size,
warm to moderate populate. 1-3 yrs. 1.5 mm.)
temperature
having abundant
vegetation and
aquatic
nutrients; Calif. to
B.C., in fresh and
brackish water,
abundant

Squawfish

Lakes, reservoirs P,N 5-6 yrs. 1/4-5 lb. 5,000-20,000 Life
and coastal
streams, Oreg.,
Wash. and B.C.;
Columbia R,
Fraser P. and
Skeena R.
systems; in warm
to moderate water
temperature.

Chiselmouth

Lakes, reservoirs N Life
and streams
of moderate
temperature in
the Columbia and
Fraser X. systems
and eastern Oreg.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Time of
Adult Preferred Sawning Egg Downstream Remarks -
Migration Temperature Time Incubation Migration Uses or Effects On Other Fish

Adhesive eggs

50-60 F., Early spring 3-4 weeks Adaptable to a wide range of water
spawn at at 45-55 F. temperature; may limit trout
45-55 F. population in some areas; easily

caught.

Adhesive eggs

68 F., Spring and 4 days Adaptable to a wide temperature
spawn at summer at 71 F. range and to turbid polluted, and
60-68 F. waters of low i;Oved oxygen;

fast-growing in fertile waters;
mainly vegetarian; destroy aquatic
vegetation and degrade aquatic
environment

60-70 F. May-June 7 days Extremely predaceous on young
at 65 F. salmonids; high rate of reproduction;

competes for food and space with
desirable species. A closely related
species occurs in Calif.

Mainly vegetarian; competes for
space and food with desirable
species; a fine scaled minnow; mouth
on ventral side of horny-plated head;
av. size 9-10 inches.

Bell Fisheries Handbook 5.21



USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Most Common Species in Western United States (Continued)

Commercial,
Predaceous, Av. No.
OcurneForage, Age at. Weight of Eggs Time in F.W. Time in

OccurrenceNuisance ty (Range) (Range) (Rearing) Ocean

Columbia River
Chub or
Peamouth

Lakes, reservoirs. P,N Life
and coastal rivers of
Oreg., Wash. and
B.C., abundant.

Roach or
Tui Chub

Lakes and F,N when 2-3 yrs. 1/8-1/2 lb. 5,000-15,000 Life
reservoirs of they over-
Columbia, Klamath populate.
and Sacramento R.
systems, eastern
Sierra Mts. in
Calif. and Nev.;
abundant

Lakes, reservoirs . N when Male-5 yrs., 1/4-5 lb. 10,000- Life
and streams of the over- Female- (av. 1-2 lb.) 20,000
coasts of Oreg., population 6 yrs.
Wash. and B.C,; occurs.
abundant

Bridgelip or
Columbia Small-
Scaled Sucker

KMamath, N when 5-6 yrs. 1/4-5 lb. 10,000- Life
Columbia and over- (av. 1-2 lb.) 20,000
Fraser R. systems, population
usually in running occurs.
water, abundant
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Time of
Adult Preferred Spawning Egg Downstream Remarks -
Migration Temperature Time Incubation Migration Uses or Effects On Other Fish

May-June Will tolerate saltwater, tail deeply
forked, small barbel at corner of
small mouth; competes for food and
space with salmonids; predaceous
on salmon eggs; spawn in both lakes
and streams.

Spawn at Spring Several sub-species; slow growing-,
55-60 F. very prolific; often eliminate trout

by competition and overcrowding-,
provide forage for bass and trout for
2 years.

50-60 F. April-May 2 weeks Very prolific; compete for food and
at 55 F. overcrowd desirable species.

50-60 F. Late spring Competes with more desirable
species.
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USEFUL FACTORS In LIFE HISTORY of MOST COMMON SPECIES

Moat Common Species in Western United States (Continued)

Sport,
Commercial,
Predaceous, Av. No.
Forage, Age at. Weight of Eggs Time in F.W. Time in

Occurrence Nuisance maturity (Range) (Range) (Rearing) Ocean

Redside Shiner

Sluggish coastal F, 2-3 yrs. 1-3 oz. Life
streams, ponds, N when
lakes and over-
reservoirs in Calif., population
Oreg., Wash. and occurs.
B.C.; abundant.

Dace

Small streams F All small, Few Life
and along shore 1/4-2 oz.
areas of lakes and
reservoirs, widely
distributed from
Mexico to Alaska,
coastal and
inland, over a wide
range of water
temperatures;
mainly bottom
dwellers, usually
with rock cover.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Time of
Adult Preferred Spawning Egg Downstream Remarks -
Migration Temperature Time Incubation Migration Uses or Effects On Other Fish

50-60 F. May-Aug. Very prolific; their forage value
usually is more than offset by
harmful effects of overcrowding
and competition with young
salmonids for food.

Wide range, Spring- Several species; small (under
spawn at early 6 inches) minnows; may compete
53 F. summer with fingerling salmonids for food;

solitary (non-schooling), not an
important forage fish.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Biological Information on Species in Continental United States

Fish Species
(Common and Spawning and Size and Other Pertinent

Scientific Names) Egg Incubation Number of Eggs Larvae Size Information

Gizzard shad Spawning occurs Diameters of mature Average hatching Eggs, although
Dorosoma at temperatures of 63 eggs in ovaries range length of yolk snac demersal, often drift
cepedianum to 73 F. (17-23 C.) from 0.45 to 0.55 larvae is 3.25 mm, with the current

in spring or early mm. Fertilized eggs with body depth As they are
summer over a after fixation were estimated at 0.2 mm. adhesive, they attach
variety of substrates 0.75 mm. Fecundity Larvae body shape is themselves to any
"ranging from ranges from 22,405 long and slender object they contact.
boulders and gravel to 543,912, averaging (10.8 mm TL). After the 20-mm
to beds of silt and 379,000 eggs. stage of growth, the
sand. Eggs hatch in gizzard shad's shape
95 hours at 62 F. begins to change to
(16.7 C.) or in the adult form. It is
approx. 36 hours at one of the few native
80 F. (26.7 C.). species that can

subsist solely on
vegetative material.

Paddlefish Upstream spawning Fertilized egg Median fry lengths Unfertilized eggs
Polydon syathula migration starts diameters range range from 8.0 to are nonadhesive.

when water from 2.7 to 4.0 mm, 9.5 mm, averaging Fertilized eg form
temperature reaches averaging 3.0 mm. 8.2 mm. a sticky coating,
50 F. (10 C.), Average fecundity causing them to
river is lowering and determined from adhere to anything
currents are spawning two fish with which they
weakening. was 35,0W0. come in contact.
Spawning occurs Sac larvae exhibit
over lare gavel bars continuous erratic
In raMply-noo g swimming, from
water. ggs t bottom to surface.
in 7 days or less at
62.5-70 F. (18-21 C.).

Longnose gar Spawning occurs Egg diameters Approx. 8 mm. Eggs are
Lepisosteus osseus in shallow waters range from 2.1 to 3.2 adhesive and

of lake and large mm. Fecundity for scattered randomly
streams (over 30.2 to 53.9-inch at spawning,
vegetation) in (76.7-137.0 mm) becoming attached
late spring or early females was 4,273 to to vegetation. Sac
summer. There 59,422, with an fry can swim but
is evidence of average of 27,830. are relatively
upstream spawning inactive, hang
migrations during vertically for lon
spring freshets. periods, attached by
Group spawning their adhesive
believed to take structure to objects
place. Six to 8 days in the water. Yolk
for egg incubation, sac is absorbed in 7

days. Young grow
rapidly, possibly six
times as fast as
young of other North
American freshwater
species.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Biological Information on Species in Continental United States (Continued)

Fish Species
(Common and Spawning and Size and Other Pertinent

Scientific Names) Egg Incubation. Number of Eggs Larvae Size Information

Rainbow smelt Spawning migration Average egg 5 mm long at Some live
Osmerus mordax to rivers and streams diameter was 0.9 hatching. their entire lives in

begins in spring. to 1.0 mm. freshwater lakes,
Eggs batch in 2-3 Fecundity for 5.0- but normally are
weeks, depending to 8.2-inch (127-209 anadromous,
on temperature. mm) females ranged returning to

from 8,500 to 69,000 freshwater rivers to
(demersal and spawn. They are
adhesive), sensitive to light

and are often found
along the bottom
during daylight

Silvery minnow Spawning occurs Egg diameter is Newly-hatched Prior to spawning,
Hybognathus in late April to 1.10 mm. Fecundity larvae are 6 mm in adults migrate from
nuchalis early May when ranged from 2,000 length. the lakes or rivers

water temperatures in a 2-1/2 inch to slow-moving,
are 55.4-68.9 F. (60 mm) female to lower reaches of
(13.0-20.5 C.). Fish 6,600 in a 3-1/2 inch tributary streams or
spawn in daylight, (90 mm) female. well-vegetated
broadcasting the eggs lagoons. Eggs are
over decaying nonadhesive. Yolk
vegetation in water sac larvae stay near
2-6 inches deep. the bottom while

larvae rise to
the surface and
concentrate in small
schools usually
among emergent
vegetation.

Bridle shiner Spawning occurs Diameters of eggs Yolk sac larvae Eggs in ovary
Notropis bifrenatus from late May to range from 0.8 mm- length is 4.2 mm. matureprogressively

mid-July in New 1.5 mm. during the
Hampshire and from spawning period.
earl May toAugust This is considered an
in Yew York State. excellent forage fish

because of its small
size and relatively
weak swimming
ability.

Spottail shiner Spawning occurs Average egg Putative yolk sac Often the most
Notropis hudsonius inshore during the diameter is 0.8 mm. larvae is 5 mm in abundant minnow or

spring and early Fecundity of length. northern lakes.
summer. yearlings ranged
In Lake Erie, fish from 100-1,400 eggs
spawn at depths of and of 2-year-olds
3-4 feet. ranged from

1,300-2,600 eggs
(demersal).
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Biological Information on Species in Continental United States (Continued)

Fish Specis
(Common and Spawning and Size and Other Pertinent

Scientific Names) Egg Incubation Number of Eggs Larvae Size Information

Bimouth buffalo Spawning occurs Diameters of Eggs are adhesive
Ictiobus cyprinellus from mid-May preserved eggs and attach them-

to early June and ranged from 1.2-1.8 selves to vegetation
peaks at water mm. Fecundity of after being scattered
temperatures of 60- 26.2-inch (665 mm) at spawning.
65 F. (15.5-18.3 C.). female was 750,000.
Fish move out of
lakes and large
rivers to spawn in
small tributaries,
marshes or flooded
lake margins.
Spring freshets and
flooding seem to be
necessary to initiate

~wnmnI activity.

approx. 2 weeks.

Pygmy whitefish Spawning is In Naknek River,
Prosopium coulteri assumed to take Alaska, diameter of

place in shallow mature eggs in the
water of streams or ovaries was 2.4 mm,
lakes during late fall and 2.0 mm in Lake
through early winter. Superior. A 5.1-inch

(130 mm) female
in Lake Superior
averaged 440 eggs
while same-sized
female from Naknek
River averaged
580 eggs.

Threespine Spawning Egg diameters range Newly-hatched Nearly circumpolar
stickleback generally occurs in from 1.5-1.7 mm. larvae are 4.2-4.5 in distribution. The
Gasterosteus June or July, but mm long. barrel-shaped,
acu/eatus breeding continues hollow nest is held

throughout the together by a
summer (April- mucilaginous kidney
September, secretion. Eggs are
inclusive). Male adhesive and are laid
constructs a nest of in small clusters
twigs and other inside the nest.
debris on the
bottom, usually in
a sandy, shallow
area. Females lay
from 50-200 eggs
during spawning,
but often spawn
more than once in a
season. Hatching
occurs in 7 days at
66.2 F. (19 C.).
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Biological Information on Species in Continental United States (Continued)

Fish Species
(Common and Spawning and Size and Other Pertinent

Scientific Names) Egg Incubation Number of Eggs Larvae Size Information

Northern pike Spawning occurs Egg diameters range 6-8 mm long at Pike occur through-
Esox lucius in the spring as soon from 2.5-3.0 mm. hatching. out the northern

as the ice melts when Average fecundity hemisphere. Eggs
water temperatures is 32,000 eggs. are demersal and
are 40-52 F. (4.4-11 initially adhesive,
C.). Spawning forming clumps
generally occurs that break apart in
during daylight over 5 days Newly-
weedy marshes, hatched fry attach to
floodplains of rivers vegetation by
and bays of larger adhesive glands for
lakes. Eggs usually 6-10 days, subsisting
hatch in 12-14 days. on yolk material.
At 64-68 F. (17.8-20 Growth is rapid in
C.) eggs hatched in young;, 1-month fish
4-5 days. are 1-3/4 inches

(43 mm) and are 6
inches (152 mm) by
the end of summer.

Alewife Time of spawning Average diameter Adults are noted to
Alosa ranges from April to of unfertilized eggs negotiate rapids and
Psuedoharengus mid-July. Spawning is 0.9 mm. fishways better

occurs in lxes or Freshwater female's than American shad
streams above the fecundity ranges and to migrate
influence of salt from 10,000 to further upstream.
water, at night 12,000. Salt water Alewives move
and over sandy or female's fecundity inshore at night
gravelly bottoms in ranges from 60,000 and offshore during
pairs or groups of to 100,000. daylight hours.
three. Eggs hatch Eggs are broadcast
in 6 days at 60 F. at random, are de-
(15.6 C.) or in 3 days mersal and are es-
at 72 F. (22.2 C.). sentially non-adhe-

sive. Adults move to
deep water after
spawning where
they remain through-
out winter. Annual
mortality in the
Great Lakes
is probably caused by
fish's inability to
adjust to rapidly-changing
temperatures.

Muskellunge Spawning occurs in Diameters of 9.5-10.3 mm long at Young reach 6
Esox masquinongy April-May when fertilized eggs range hatching. inches (152 rmm)

water temperatures from 2.5-3.5 mm. in 10 weeks and are
are 49-59 F. (9.4-14 Fecundity ranges 10-12 inches
C.) with optimum from 6,000 to 265,000 (254-305 mm) by
of 55 F. (12.8 C.) averaging 120,000. November of their
during the day in first year.
weedy, flooded areas
in water 15-20 inches
deep. Eggs hatch in
8-14 days at
temperatures of
53-63 F. (11.7-17.2
C.).
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Biological Information on Species in Continental United States (Continued)

Fish Species
(Common and Spawning and Size and Other Pertinent

Scientific Names) Egg Incubation Number of Eggs Larvae Size Information

Utah chub Spawning occurs Egg size is 1.04- 1.69-2.67 mm long. ]Eggs are adhesive and
Gila atraria mainly dunn late 1.17 mm. Average demersal.

June or July in fecundity is 40,750.
Montana when
water temperatures
are above 53 F.
(12 C.). Swning
occurs in 2"fewet

(60 cm) of water over
various bottom types,
but most eggs were
recovered from sand
and gravel bottoms.
Eggs hatch within
2 weeks.

Cisco Spawn in the winter Fecundity ranges
Coregonus artedii at temperatures at from 6,000 to 29,000.

approx. 39.0-41.0 F. Egg diameter ranges
(4.0-5.0 C.) with a from 1.8-2.1 mm
peak number of fish (eggs taken from the
spawning at 37.9 F. body cavities of
(3.3 C.). In inland partly-spent Lake
lakes, fish spawn Erie females).
over almost any kind
of substrate, but
often over a gravel
or stony substrate
in shallow water,
3-10 feet deep. In
the Great Lakes,
spawning may occur
in shallow water, at
midwater depths of
30-40 feet below the
surface and near
the bottom in the
water 210 feet deep.
Hatching occurs at
spring ice breakup,
92 days incubation at
42 F. (5.6 C.), 106
days at 41 F. (5 C.)

Golden redhorse Spawning occurs Diameters of mature
Moxostoma over riffles in the eggs from ovaries
erythrurum main stream of a were 2.2-2.6 mm,

river in springtime with an average
when waters reach diameter of 2.4 mm.
59-60 F. (15-15.5 C.). 11.5-15.7-inch
Eggs are broadcast (292-399 mm)
over the stream females average egg
bottom. number ranged from

6,100-25,350, with
estimates to 35,000.
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A
Pacific Salmon AdultS

Lez¶h in Inches
in Pounds

Chinook

Coho

Pink

Churn

Sockeye

Length in inches
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B
Lengfthj~eight Relationship

for Adults of ajor species in the SWtuy Area

Largemouth bass

Smalimouth bass

Spotte bassExpected Range

Coosa bass ULength in inches

Rock bass C3Weight in lbs.

White bass

Striped bassL

Bullhead catfish

Channel catfish__

Cisco C3
(Great Lakes)

Cisco
(Lake Erie)

Whitefish
(Great Lakes)

Whitefish
(Rocky Mountain)

Shad

Sunfish
(Several species)

Crappie
(two species)

Walleye

Sauger 03

Yellow Perch r -
Ii I m I11 gIIIIII I II Ii I 1tI II 1II II1I1- II

0 10 20 30
Scale: lbs. and inches
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Chapter 6
Swimming Speeds of
Adult and Juvenile Fish

Importance of cruising, sustained
darting swimming speeds to

fish facility structures.

Amount of energy loss in transfer
of muscular energy to propulsion.

Forces working against fish
movement

Effects of exhaustive exercise.

Ratio of sustained speed to darting
speed and cruising speed to
darting speed.

Attractive velocities at obstructions
and fishways.

Effects of velocity gradients.

Method of determining the time
fish can maintain various speeds.

Velocities to be used in designing
upstream facilities.

Pulsing velocities and turbulence
effects.

Swimming speeds affected by oxygen
and other functions of fish.
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swimming effort.

Visual reference and effect of
darkness and light

Pollution effects.
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B. Relative Swimming Speeds
of Young Fish.
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D. Swimming Speed of Sockeye Fry
at Chilko Lake.

E. Maximum Sustained Cruising of
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SWIMMING SPEEDS OF ADULT AND JUVENILE FISH

In the developmuent of fish facility structures, three as- V =vr/ig
pecta ot swimming speeds are of concer.

1. Cruising - a speed that can be maintained for long where V = initialvelocity in feet per second (at water
periods of time (hours). surface)

g = gravity (32.2 feet per second per second)

2. Sustained - a speed that can be maintained for h = height in feet of jump above water surface
minutes.

3. Darting - a single effort, not sustainable. Investigations have shown that fish are able to sense low
levels of velocity and may orient themselves to a velocity of

Exhibit A and B show the relative swimming speeds of 0.16 fps and may sense changes of 0.328fps (Reference 48).
selected adult and juvenile species. Exhibit C shows swim- They, hence, may seek and find the most favorable areas,
ring speeds for MacKenzie River fish. Exhibit D shows which makes it difficult to use average velocities in deter-
the simming effort of sockeye salmon fry at Chilko Lake. mining the effects of swimming .seeds. It is suggested that

normal distribution curves be utilized for this purpose.
Fish normally employ cruising speed for movement

(as in migration), sustained speed for passage through Adults frequently seek higher velocities at obstructions,
difficult areas, and darting speed for feeding or escape whichmay be utilized toattractthem to flshway entrances.
purlpoes. Each speed requires a differentlevel ofmuscular Such velocities should bewell under the daringespeed ofthe
energy, and it may be assumed that there is a 15 per cent species and sizes involved but may exceed their cruising
loss in the transfer of muscular energy to propulsion, speed.

The force on the fish may be considered equivalent to Swimming speeds are affected by available oxygen and
that associated with any object, either moving within swimming effort may be reduced by 60 per cent at oxygen
water or stationary in movingwater. Energy involved may levels of one-third saturation. Oxygen levels also affect
be computed by the following equation. other functions of fish.

v2 Temperatures ateither end oftheoptinium range for any
F=CdAW species affects swimming effort. A graphic presentation

(2xhibitE) has been prepared fromReference 16 and shows
where F - force (in pounds) thata reduction ofswimming effortof50percentmayoccur

Cd - drag coefficient - .2 (salmon) as a result of adverse temperatures.
Area - cross sectional area in square feet In dealing with problems at specific sites where swim-

W - weight of water (62.4 pounds per cubic foot) mingspeedis important, such astheprotection of juveniles
V - summation of velocities in feet per second ahead ofprotective screening orthe guidance offish (both
g - gravity (32.2 feet per second per second) adult andjuvenile), the effects of temperature and oxygen

must be evaluatedL
Thus, force through a distance gives foot-pounds and

can be converted to British thermal units or calories. As fish sense changes in velocity, they may avoid moving
from one gradient to another, particularly from a lower to

As energy requirements are related to the square of the a higher gradient. When guiding or directingflsh, smooth
apparent velocity, the reason why fish tire rapidly as the transitions and accelerations are desirable in order to pre-
velocity increases is evident from the above formula. The vent them from stopping, hesitating or refusing to enter a
build-up of lactic acid asa result of unusual activity can be particular area.
fatal. A number of investigators have indicated that fish
may recuperate rapidly after exhaustive exercise. Con- It is assumed that fish use visual references in their
versely, it has been noted that up to2 hours are required for movement and, therefore, behave differently in darkness
fish to recover and assume normal movement after tiring than in light. Stimuli other than velocity may guide the
exercise. fish's movement within established levels of r and

sustained speed. Downstream i fish aylointo
An early investigator (Reference No. 36) used the w eiht a velocity and be swept along at speeds that are well in

of the fish to establish a ratio of sustained speed to darting excess of their cruising speeds.
speed of approximately .5 to .7. This has been borne out
by recent investigations in which lengths of fish were used In a series of tests (Reference 49) it was shown that fish
as a measure. tested passed through an endless ie system more rapidly

when the system was lighted. opposing velocities of
The data indicate that a fish's cruising speed level may be 2to 2.5 fps, the best swimming performance was obtained.

15to20 per cent of its darting speed level. This is further
supported by data from experiments on jumping fish by An increase of 23 per cent in passage time was found
computing the velocities atwhich the fish leave the surface when the system was in darkness, and the maximum dis-
by using the following formula and comparing the results tance attained by the sockeye testedwas about I mile under
with the results of the swimming tests. lightand 0.26mile under darkness. The groundspeed ofthe

fish was under 2 fps.

In the design of upstream facilities, velocities must be
kept well below the darting speeds for general passage.
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SWIMMING SPEEDS OF ADULT AND JUVENILE FISH

A means of determining the time that fish are capable of
maintaining various speeds is given below:

Darting

Sustained .

! • - I
1I lower limit

Cruising i

Vc=1/6Vm Vs=1/2Vm Vm

Swimming Speed (ft/sec)

Cd A 62.4 lbs. assuming Cd, does not vary throughout Velocities should not be averaged as the energy factor
k 2g the swimming ranges. varies with the square of instantaneous velocity. Pulsing

velocities can increase the instantaneous energy require-
ments by four times throughout the darting speed range.

A Cross sectional area in square feet. This may account for the variations in performance time
found in the tests on swimming speeds. Because of turbu-

Vm = Maximum swimming velocity in feet per second. lence and pulsing, a maximum darting time of 7-1/2 seconds
is a suggested value. As fish are capable of swimming for

D(Swimming Distance) = VT hours at the upper ranges of their cruising speeds, it is
assumed that no oxygen deficiency occurs at this level.

Work = kV2 D or kV3T Above this level, fish apparently are not capable of passing
water over their gills at the rate necessary to obtain this
increased oxygen required for the additional energy ex-

The maximum time that darting can be maintained is penditure.
estimated at 5 to 10 seconds, thus the time that maximum In addition to the effects of oxygen and temperature,
sustained speeds can be maintained is shown by the rela- swimming performance is also adversely affected by various
tionship pollutants. Selected references are included to indicate the

kV3TS = kV3Tm source material for those pollutants that are of major
concern.

where kVmTm = maximum energy factor at optimum
temperature.
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SWIMMING SPEEDS OF ADULT AND JUVENILE FISH

A
Relative Swimming Speeds of Adult Fish

Chinook - u ....-.-.-

Coho . .*............ ...

Sockeye . . .. . ...............

Steelhead (2'-2.7') .. ........ ...*.. **f

Cutthroat .. . . ..............

Brown Trout .........

Grayling . . .....

Whitefish - .

Shad (12*-14") ....... 0"...

Herring (6"-11") --

Anchovy -

Carp ,-. .o...o.o . .°°.., ....

Goldfish (4"-8") .

Suckers .. ... °. °***

Cod (1.8') .....

Mackerel (13"-15")

Plaice (2.4"-10") -

Alewives (2.5"-S") ......

Mullet (9.5")

Stickleback (4") 0

Lamprey

Eel (2')

Eel (3') ._ ---- Cruising Speed
Sustained Speed

Eel (5') ..... Darting Speed

Eel (8')

0 4 8 12 16 20 24 28 32 36
Velocity in Feet/Second
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B
Relative Swimming Speeds of Young Fish

Coho (2")

Coho (3.5")

Coho (4.75")

Sockeye (5")

Brook Trout (3"-5")

Grayling (2"-4")

American Shad (1"-3")

Herring larvae (.4"- 8") ...

Striped Bass (.5") .

Striped Bass (1")

Striped Bass (2")
~~~ - -eeeo -e *...**.*........ sss.se.

Striped Bass (5")

Mullet (.5"-2.75")

Glass Eels (2") -

Elvers (4"- ...

Spot (.5"-2.75") e......... ,6..... s *.... --- Cruising Speed
Sustained Speed

Pinfish (.5"-2.75") ..... e G........ .... , Darting Speed

0 .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Velocity in Feet/Second

6.4 Bell Fisheries Handbook



SWIMMING SPEEDS OF ADULT AND JUVENILE FISH

C
Relat oe Swimming Speeds

Arctic Char (14") -

Arctic Grayling (8"-12")

Round Whitefish (12")

Humpback Whitefish (2"-4")

Humpback Whitefish (6"-1.5')

Broad Whitefish (1.5"-3.5")

Broad Whitefish (5"-14")

Mountain Whitefish (12") -. °

Inconnu (7"-17")

Arctic Cisco (16.5") -. *.°

Least Cisco (11.5")

Goldeye (9")

Trout Perch (3") -

Yellow Walleye (9"-16") -

Longnose Sucker (4"-16") . ... ••

White Sucker (7"-16")

Chub (7"-12") -

Emerald Shiner (2.5") -

Burbot (8"-2')

Pike (14) ....

0 4 8 12 16 20

Sustained Speed VELOCITY IN FEET/SECOND

Darting Speed......

MacKenzie River data used for sustained speed.

Ala- . data used to extend swimming speed to darting level.
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D E
Swimming Speed of Maximum Sustained Cruising of

Sockeye Fry at Chilko Lake Sockeye and Coho Underyearllngs
in Relation to Temperature

m J -- from Brett, 1958
TOTAl EFFORT is S c('

I _ _ _ . ,Acclimation Temperature Fahrenheit

I,'.N(*.TH LOW 41 50 59 6 77
TEMPERATURE 4I "•° I. F

' 5 7V-7- --,.~ ~II1.25-3
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l1 0.75
ti

z+:"• 0.50 10e 15
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01
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0.3 throughout the fish's temperature range,
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Chapter 7
Spawning Criteria

Three types of spawning habits
described: nest building, demersal
eggs and adhesive eggs.

Oygen requirements of eggs for
development

Effects of changes in water levels
and velocities.

Size and shape of redds (including
a sketch).

Temperature.

Energy utilization (Table 2).

Methods to obtain flow and width
of a stream.

Effect of stream slope.

Effect of release of stored water.

Stranding of young fish by flows
rapidly changed downward.

A. Method of Application of
Optimum Criteria to a Particular
Study Section.

B. Spawning Characteristic Curves,
Typical Stream.
C. Redd Size Increases as Spawning

Action Proceeds.

D. Hydraulic Geometry Exponents.

Four graphs (1, 2, 3 & 4) showing
stream geometry.
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SPAWNING CRITERIA

The general requirement is an environment in which the Variations in water levels and velocities may occur by
adults are able to spawn with a minimum of molestation. naturally changing flows or lake levels. In streams in which

the flow is regulated, the effects of such regulation require
The spawning habits of the most common species maybe additional measurement. Stability in lake levels managed

separated into three types: forwater use, or half lakes resulting from the construction
of dams for power development, storage, or flood control

1. Nest builders, including salmon, trout, char, catfish may create adverse conditionsduringcriticalspawningand
and most species of bass. hatching periods.

2. The group that produces demersal or free-floating The operating curves of regulated lakes or half lakes
eggs and larvae w ich develop rapidly in the current should be used to determine the stability of the lake level

ell-known examples of this type are the striped during critical periods. Such operating curves are available,
bass and the American shad.) as they are developed as part of a project. From such

curves, the magnitude of any change in lake level and dis-
3. The species that reproduce by means of adhesive eggs charges can be obtained. All such lakes or half lakes are

that attach themselves toaquatic plants or submerged subject to natural variations caused by the rate of inflow
rocks after extrusion. (Common examples of this type versus the rate of use. All such data should be obtained and
are the Sacramento perch, Columbia River smelt or evaluated for the potential of maintaining, or possibly
eulachon, the surf smelts and other members of the increasing, production of lake-dwelling fish.
family Osmeridae, and many of the minnow (Cyp-
rinidae) and perch (Percidae) families. The eggs from fish that use side embayments in rivers

for spawning are subject to natural water level changes
The latter two types of reproduction (free-floating de- and, in stream areas below regulating reservoirs, are

mersal eggs and adhesive eggs) are both subject to high subject to potentially hourly or daily changes. The effect
losses from predation and environmental variations. Con- of either type of change can be determined from field
sequently, large numbers of eggs and larvae must be studies, and may be required for project licensing. Fish that
produced in order that a few may develop to maturity. use a stream bed to spawn are subject to natural variationsor to changes resulting from water releases (up and down).

Salmon and trout are gravel nest builders and, while shad

eggs are demersal and smelt eggs are adhesive, all of these Stream examinations are usually conducted to evaluate
speciesrec *re cleanvravelorsandfor successful spawning, level variations for both depth and velocity.
Much of the general information is briefed in Chapter 5,
"Useful Factors in the Life History of the Most Common In general, salmon and trout spawn in the same type of
Species." stream areas with depth factors somewhat commensurate

withthe weightof the fish. Trout select areas rangingfrom
All deposited eggs require oxygen for development. 6 inches to 2.5 feet in depth; salmon spawn between ranges

Eggs deposited in stream beds are supplied with oxygen of 9 inches and 4 feet.
from percolated waer, eggs deposited in lake areas are
supplied withoxygen by surface currents orbytheadultfish See Chapter 27, "Artificial Spawning Grounds."
fanning, and eggs deposited in the volume of a stream are
supplied with oxygen by the moving water. It follows, The redds vary in size as shown in the following table:
therefore, thatthese conditions for supplying oxygen must
be maintained during the hatching period. Table 1

Approx. Average Area Area recommended per spawning pair
Species Reference Average Wt-lbs. of Redd-sq. yds. -sq. yds. (includes] defense area)

Chinook
a. summer & Burner 25 6.1 24

fall run
b. spring run 15 3.9 16

Coho 9 3.4 14

Chums 10 2.7 11

Sockeye 3 2.1 8

Chinook Chambers 13
(spring run) et al

Pinks Hourston & 5 0.7 0.7
MacKinnon

Trout Stuart 1(?) 0.3 2

C.H. Cay, Design of fishways and other fish facilities.
Canada Department of Fisheries, Ottawa. 1961.
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SPAWNING CRITERIA

Generally, the velocity at the bed of the stream (over temperature is elevated during migration or spawning, the
t spawnng bed) is less than the sustained speed of the body requirements for life maintenance may exhaust the
adultfish. See Chapter 6, "SwimmingSpeeds of Adult and available supply of energy and result in early death prior
Juvenile Fish," which gives velocities ranging between 1.5 to spawning. it has been noted that a sudden drop in
and 3 fps. temperaturewill causeall spawning activity to cease which

can result in lowered nest building activity and reduced
During the spawningact a defense area against encroach- production.

ment is enforced by the spawning pair. The size of this area
is shown on Table 1. In the best spawning areas, superim- A means of computing energy requirements for swim-
position of redds by later spawners may occur. The eggs are mingis shown in Chapter 6, "Swimming Speeds of Adult
laid in clusters at depths of 6 to 10 inches and covered by ans Juvenile Fish."
gravel. A square foot of good spawning bed contains from
125 to 200 eggs. False redds may be dug and abandoned; The energy requirementsforgonadandegg development
pink salmon particularly are noted for this phenomenon. can be computed from the weight of the sex products.

The number offish that mayuseaspawningarea because The energy requirement shown for nest building is
of an unusually large run or diminished spawning areas an approximation, computed from the swimming activities.
may result in spawn being deposited in undesirable
locations, such as in the periphery of a stream area which To assist in a preliminary evaluation of changes in a
may become dried at lower stages. If fish are denied access natural stream channel by flow variations, a preliminary
to proper spawning grounds, females mr- die unspawned estimate of the effects of such changes may be obtained
or the eggs may be deformed. by utilizing the relationships of flow to depth, flow to

velocity and flow to wetted stream width. Flow in cubic feet
As temperature is a major factor in success of spawning, of water per second (Q), raised toa power and multiplied by

the limitations shown in Chapter 11, "Temperature-Effects a multiplier, may be used to determine surface width,
on Fish," are necessary for reproduction. During their average velocity and average depth.
tender stage, eggs are particularly sensitive to adverse
temperature changes or movement Width may be obtained by using a multiplier (a) times the

flow, raised to a power (b). The average velocity may be
The physical measurements of spawning grounds have obtained by using a multiplier (k) times the flow, raised to

been taken from a number of sources and represent a power (m). The average depth may be obtained by using
hundreds of measurements of desirable spawning reaches a multiplier (c) times the flow, raised to a power (9). The
of river. Velocities, depths and flows must match the timing multiplers, when multiplied together, should equal one.
or runs and temperature requirements. Absence of one of The powers used when added together should equal one.
these factors is sufficient to negate the effectiveness of
others. Stream slope is a major factor, within which slope are

various reaches that maybe greater orless than the overall
ExhibitsAandB depictone method of evaluating thearea stream slope, i.e. a pool and riffle type of stream. The

of the stream bed utilized by fish for spawning. As velocity pavement of the stream bed surface is related to the
and depth are both limiting factors, they both must be maximum column velocities during flood stages. Asgravel
within the optimum range. Similar techniques have been bed size is related to pavement size, steep streams or steep
developedbyother agenciesand areequally useful. (See also riffle slopes may not be usable to spawning fish because
12.4.) of the large-sized pavement rocks needed to maintain a

stable stream bed. As the rise approaches 100 feet to the
Anadromous salmonids, which do not feed from their mile, the availability of suitable bed conditions become

time of entry into fresh water, live on their stored energy. restricted.
Table 2 shows the general energy utilization, although this
varies among species and distances from the stream mouth. The influence of slope has a significant effect on two of

the spawning criteria, velocity and depth. The overall slops
of a stream may be used, but preferably a reach slope, that

Table 2 is the area involved, should be used. A pool and riffle river
Percent Energy Utilization is an example ofreach slopesversus the general river slopes.

Males Females In trout areas, there may belimited spawning in sheltered
areas below large boulders. Food needed by the emerging

Life Maintenance 60-70 50-60 fry is also limited in steep streams. (See Chapter 8, "Food
Swimming 10-12 10-12 Producing Areas.")

Nest building activities 1-2 3-5 Stream bed stability or gravel sizes, as related to column
velocities, are shown by table in Chapter 32, "ChannelGonad and egg development 5-6 16-18 Changes."

Residual (at death) 8-10 12-15 Exhibit C indicatesthe advanceofthe spawningbed asthe

nest building continues. The eggs are laid in clusters
As noted in the above table, life maintenance require- and subsequently are covered with gravel. The shaping of

"en acc t fthe redd by digging results in percolation of water throughments account for the greatest expenditure of energy. .As the beds. The nest building tends to clean the gravel and
fish are cold-blooded animals, the energy utilization is a the beds become spongy.
function of temperature. This relationship is shown in
Chapter 11, "Temperature - Effects on Fish." If the
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To understand the geometry of a stream, the interrelation- The release of stored water may reach its peak change in
ships of flow, width and depth for the widely varying flows a matter of a few hours; then cut off, retreat and reverse the
throughout a water year must be known. If there are increased changes. Such changesmay occurmorethan once
available USGS runoff data, these relationships can be a day. These changed flows may interfere with spawning
obtained for any specific stream so measured. The average by causing the fish to retreat for shelter.
daily flow may be determined from the annual runoff in acre
feet for a specific stream. For purposes of initial evaluation, The methods that have been described for determining
if relationships can be established for a basin they may be the effects of flow changes may be used to depict the
used in evaluating tributary streams. severity of these changes, although field studies may be

needed to evaluate the calculated changes.
In evaluating tributary streams, a number of represen-

tative reaches should be examined. Most streams have Stranding of young fish or the dr of redds can also
increasing flow through their length as water enters the result if the flows are rapidly changed downward. The
stream. There are exceptions: Streams from a productive methods shown here can be used for evaluation of such
water source passing through arid or semi-arid areas may potential effects. Again, field studies may be required
lose waterby evaporation and seepage. Occasionally, there specifically to determine the slopes of bars, on which pools
are streams that lose water in their delta areas by excessive may form and young be stranded.
seepage. While diversions of water for any purpose will
reduce the flow, return flows from irrigated areas may Procedurescanbefollowedbyusingthehydraulicgeome-
augment the flows, with a lag time between the water try of the stream to show the effects of width, depth and
application and its return. It may be expected that river velocity at various flow levels.
gradients flatten as they approach the mouths or deltas.

Dimensionless curves showing distribution of velocities
Utilizing the relationships for Washington streams, it is over the depth of flow d in Graph 1 were calculated using the

possible to determine changes in width, depth and velocity logarithmic velocity profile theory. V is the local depth-
or cria flows. One hundred, fifty-four streams in western averaged velocity. According to this theory, the velocity u at

Washington and 61 streams in eastern Washington were distance y above the bottom is equal to V at y/d = 0.37.
examined to determine the relationship of average mini- USGS stream gaging practice assumed u - V at y/d = 0.4.
mum flowto meanflowand mean flowto average maximum At y/d = 0.05, the bottom velocity is approximately 0.6 V.
flow. The following values were obtained: from minimum to Also, V is approximately 0.8 times the maximum velocity.
mean in western Washington, 9.78, and in eastern Washing-
ton,9.95;from meantoaveragemaximumin western Wash- The dimensionless profiles of depth-averaged velocities
ington, 10.92, and in eastern Washington, 7.72. shown in Graph 2 are based on velocities calculated at

various distances X from the water edge for tb three
Streamsmay havedifferentsets ofpowerfactorstobe used representative channel crc•s-sections shown. Vis the

with flow. See Exhibit D, Hydraulic Geometry Exponents, overall average velocity, Q/A, for the cross-section. Near
which hasbeenprepared toshowamethodthatmaybe used the bank, the local velocity can beapproximated as about
to determine the changes in width, depth, and ave,-age, 1/6 of the maximum velocity, which occurs at the channel
column and bottom velocity at reach slope. It gives the centerline.
power factors that may be used for a general stream and for
specific reaches, with shapes shown. It is suggested that for Graph 3 shows three slopes for velocity, depth and width
obtaining width, depth and velocity changes in a reach, related to changing flows.
exponents 0.3, 0.4 and 0.3 be used, as they cover the bed
shapes shown, the last shape being a walled channel. Graph 4 shows the changes in width, depth and velocity

related to changing slopes with the same roughness factor
Under natural conditions of stream flow, major changes and bed shapes.

brought about by storms, or in some cases melting snow,
may take hours or days to alter their flow relationship. See Chapter 32, "Channel Changes," for formulae for
Spawning fish may respond to such changes by retreating developing average cross sectional velocities in a stream.
from the redds at peak flows to areas of low velocity and then
returning to the original redd site as the flows drop, until See also Chapter 27, "Artificial Spawning Channels."
spawning is completed.
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A

Method of Application of Optimum
Criteria to a Particular Study Section

Washington State Department of Fisheries,

3
EDGE OF WATER

Velocity Distribution

E Velocity for Species in Stream

>,

PLAN VIEW
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Optimum Depth Range
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z Selected Optimum Range
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SECTION VIEW Distorted scale.

*Fish Velocity- Taken at Spawning Depth, ie. 0.4 ft Above Bottom.
"**Depth Exaggerated for Clarity on this Diagram.
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B

Spawning Charcteristic Curves,
Typical Stream
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C

Redd Size Increases
As Spawning Action Proceeds
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D

Hydraulic Geometry Exponents

Q - WdV

= aQb cq kQ-

Width Depth Velocity

Reference b f m

Leopold & Mattock .26 .40 .34
at a station

Leopold & Mattock Parker .5 A .1

Downstream variation
along a basin, based
on mean annual Q

Bell Handbook 1980 .6 .3 .1
General stream

1 .37 .38 .26

10.28 .43 .28010

Co o•.2 •6 .43 .30
10

d
.0 .6 .4

"Wide"

R = d (depth)
R = Hydraulic radius preaWetted perimeter

by RE. Nece
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Graph 1
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Graph 2
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Graph 3
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Graph 4
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