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The Fisheries Handbook provides information on the design of fish passage facilities
and their operation. Key elements include biological requirements of fish, '
biological design criteria, and the design of passage facilities. The bio-

- logical requirements of fish include discussions of water quality, reactions to
toxicants and pollutants, spawning needs, and the effects of fishing pressure.

. These biological requirements are then used to define biological criteria such as
the swimming speeds of juvenile and adult life stages. The biological criteria can
then be used by engineers and biologists to design fish passage and mitigation
facilities. Passage through turbines, spillways, and conduits are discussed, along

- with locks, transportation, and mechanical handling. Hatcheries, rearing ponds,

- diseases, fish pumps, and the use of anesthetics are discussed. Examples of adult
fishways and locks are presented. The thirty-five subject areas covered by the
handbook include sections on issues and concepts, pertinent tables and graphs of

" relationships and data, and references.
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FOREWORD

This is the third edition of the “Fisheries 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
forit. 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 of 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

When examining criteria for these works it must be
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}hndbookdoessetforthhmtsthatmaybeusedm
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 agencies.
Examination of these standards should be made by any investigator.

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 research
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)

Other Equivalents
(English and Metric)

Terminology and Equivalents

Definitions

Miscellaneous Information
Miscellaneous Definitions

Comparison of 1 Cubic Foot and
1 Cubic Meter (Ratio 1:35.3357)

Basic Formulas (English System)

Some Pipe and Circle Areas
For Use in Hydraulics
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Wind Chill Chart
¢ (Actual Thermometer Reading F.)
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Wet-bulb Temperature in F.

Air Temperaturein F.

Lethal Distance from Explosion (Ft.)

Nomogram Showing the Solubility
of Oxygen in Water

Nomogram for Determining N.
(with Ao) at ATM Pressure an
Different Temperatures

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




MISCELLANEOUS INFORMATION
.. Conversion Factors
(English to Metric{ and Metric to English)
English Unita)>  Multipliere)> Metric Unit=§»  Multiplier 9> 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™* 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 (°Cx1.8+32 °F
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 Ibs/million gallons
1 pound/million gallons = 0.1199 parts/million
1 part/million = 0.0584 grains/gallon
1 part/million = 8.34 pounds/million gaﬂons
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 gallons/24 hrs (448.8 gpm)
1 million gallons/24 hrs = 1.547 cubic feet/second
1 million gallons/24 hrs = 694 gallons/minute
1 acre = 43.560 square feet
1 knot = 1.1508 miles per hr

1 calorie = 0.0003968 BTU
1 calorie = 4.19 joules
1 joule = 0.2388 calories

1 dyne = 1.02 Kg (or Kilogram)
1 dyne = 2.2481b.

. 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 temperaturein 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 Ibs. per sq. in. per ft.
(cfs, second feet or cusecs) or fraction of cfs of depth

One second foot = 7.48 U.S. gallons per second
= 448.8 U.S. gallons per minute
= 646,317 U.S. gallons per day

Water weighs 62.424 1bs./cu. ft. at maximum density

Water weighs 62.416 Ibs./cu. ft. at 32°F.

One second foot for a day = 86,400 cubic feet
or 1.983 acre feet Water weighs 62.419 Ibs./cu. ft. at 45° F.

One acre foot is a surface acre covered one foot in depth Water weighs 62.390 Ibs./cu. ft. at 55°F.

Runofffrom watersheds is measuredin acrefeetorininches Power:

per sq mile hp = 550 foot pounds per second
uare = 33,000 foot pounds per minute

Acre = 43,560 sq. ft 1KW. = 1.3405 hp

Square mile = 640 acres 1hp = 746 watts

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

latmpr = 29.92 inches mercury 1kw (English) = 3412 BTU/hr

760 mm mercury . _
1013 millibars 1 bp (English) - giggtv/vl:t:se ’
= 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)
1hp (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 = (Mg Force = 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 physicistsis39°F. Speed of sound (air) - 1126 fps
or 4°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




MISCELLANEOUS INFORMATION

Definitions

Q Discharge in cubic feet per second (cfs or second feet) or
any of the other units expressing volumes per unit of time
defined in previous sectinns

A Cross-sectional area in square feet or other convenient
unit

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

V Velocity at a point in feet per second or other
convenient unit

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

H Head infeet acting on a weir, at a dam, or over an orifice
Vi/g

h Head in feet acting on an orifice, and also velocity head
VZ/'g

C Coefficient of discharge (dimensionless) for an orifice or
weir, or coefficient of roughness for an open channel or

pipe

R Hydraulic radius of a stream in feet, which is equal to a
cross sectional area (A) divided by the wetted perimeter
of the cross-section (P). A/P in sq ft and feet

S Gradient or slope of open channel expressed as drop in
feetdivided by thelength of the channel infeet over which
the drop takes place, (assuming total energy gradient,
‘slope of water surface, and grade of channel are the
same)

1.4 Bell Fisheries Handbook

n Coefficient of roughness used in the Manning formula for
open channels or pipes

L Length of weir crest in feet or length of a channel
D Distance

M Mass

W Weight or width

Pr1b/sq/ft (to obtain lb/sq/inch divide by 144)
F Force

WS Water surface

NWS Normal water surface of a lake or stream
HWS High water surface of a lake or stream
LWS Low water surface of a lake or stream
TWS Tail water surface below a dam

HW Pool surface above a dam

EL Elevation ahove sea level




MISCELLANEOUS 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 0.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 logs Vertical
Head Usually in feet and defined as useful difference Stop logs Horizontal

in elevation for T.-W. to HW.

Bell Fisheries Handbook 1.5




MISCELLANEOUS INFORMATION

Comparison of 1 Cubic Foot and
1 Cubic Meter
Ratio 1:35.3357

One cubic foot per sacond is equal to 1.983 acre-feet of
water in 24 hours, flowing from storage or into a storage
reservoir.

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 meter of water. When movingat 1 fps, theyare called:
second foot, cubic foot per second (cfs) or cubic meter per  One cubic meter of water contains 1,000 liters. One liter

second. isequal to.001 cubic meters, .2642 gallons, or 1.0566 quarts.

Basic Formulas
English System

Q=AV
V=¢/2gh h=
P=Wh h=
V=CV/RS where R-=
Q =333LH?*?

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 Bell Fisheries Handbook




MISCELLANEOUS INFORMATION

Some Pipe and Circle Areas
For Use in Hydraulics

STD. WT. STEEL & W.1. PIPE CIRCLES
Nom. ID ID TH. ID**® A, DIA DIS®* A
Size ins. ft. ins. fr.o%  ft. ft.0* ft.
172 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 0673 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 0902 0.3474 0.667 0.903 0.3491
10 10.02 0.836 .365 0956 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
180D 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 2949 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.

[ (M

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 L.eaves 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.

N
-
e
U
w
da

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.

6 253-38 Strong Progress is impeded when walking against wind; large

branches in motion: branches broken from hardwood trees
and tops from conifers.

Bell Fisheries Handbook 1.7




MISCELLANEOUS INFORMATION

Wind Chill Chart
Actual Thermometer Reading F.*
Estimated
Wind Sﬁeod 50 40 30 20 10 0 -10 -20 -30 -40 -50
MP
Equivalent Temperature F.
|
Calm 50 40 30 _‘I 20 10 0 -10 20 | -30 -40 -50
5 48 37 B 27 16 6 -5 -15 -26 -36 -47 -57
10 40 Ir 28 16 4 -9 21 -33 -46 -58 =70 -83
15 36 _j' 22 9 5 a8 | 3 45 58 12 [ 8 -9
20 32 18 -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 LITTLE DANGER INCREASING GREAT
greater than FOR PROPERLY DANGER DANGER
40 MPH CLOTHED PERSON
have little
additional DANGER FROM FREEZING
effect. OF EXPOSED FLESH
Taken from "Emergency Preparedness Today" by Robert
Stoffel, Washington lgt:te Department of Emergency Serv-
ices, June, 1979.

1.8 Bell Fisheries Handbook

To use the chart, find the estimated or actual wind speed
in the left-hand column and the actual temperature in de-
frees F.in the top row. The e;m’valent temperature is

oundwhere these twointersect. For example, withawind
speed of 10 mph and atemperatureof-10F., the equivalent
temperatureis-33F. Thislies within the zoneofincreasing
danger of frostbite, and protective measures should be
taken. Itis emphasized that thewind chill chartis of value
in predicting frostbite only toexposed flesh. Outdoorsmen
can easily be caught out in 30 F. temperature. Winds of 30
mph wﬂi produce an equivalent wind-chill temperature of
20 below zero.

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




MISCELLANEOUS INFORMATION

Relative Humidity Tables
Wet-bulb Temperature in F.
" 40 42 4 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82
42 85
44 71 85
46 58 72 86
~ 48 47 60 78 86
o, 50 38 49 61 74 87
& 52 29 40 51 63 75 87
£ 54 22 32 42 53 64 76 88
3 56 16 25 34 4 55 65 76 88
§ 58 10 18 27 37 46 56 66 77 88
60 5 13 21 30 39 48 58 68 78 89
E 62 1 8 16 24 32 41 50 59 69 79 89
= 64 4 11 18 2 34 43 51 60 770 79 90
g 66 7 14 21 29 3% 4 53 61 71 80
o 68 3 10 16 23 31 38 4 54 62 71 90
70 6 12 19 25 33 40 48 55 64 72 81 90
E 72 3 9 15 21 28 34 42 49 57 65 73 82 91
74 5 11 17 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 1 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 2 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 7 11 15 2 2 30 35 40 46 51 57 64 70 77
920 1 5 9 13 17 22 2 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 50° 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

5 1 92 92 93 94 94 95 95 95 96 96 9 90
5 2 84 85 87 88 89 90 90 91 92 92 92 93
@ 3 76 78 80 82 84 85 86 87 87 88 88 89
2 4 68 71 74 76 78 80 81 82 83 84 85 86
2 5 60 64 67 70 73 75 77 78 79 80 81 82
T 6 53 58 61 65 68 70 72 74 75 7 78 79
g 7 45 51 55 59 63 65 68 70 72 73 75 76
2 8 38 44 50 54 58 61 64 66 68 70 71 72
Q 9 30 38 44 49 53 56 60 62 64 66 68 69
£ 10 22 32 38 43 48 52 5 58 61 63 65 66
= 11 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
2 13 1 13 22 29 34 39 44 47 51 53 56 58
2 14 7 16 24 30 35 40 44 47 50 53 55
g 15 1 11 19 26 31 36 40 44 47 50 53
g 16 6 16 22 28 33 37 41 44 47 49
£ 17 1 10 18 24 29 34 38 41 44 47
g 18 6 14 20 26 31 35 38 41 44
8 19 1 10 17 23 27 32 36 39 42
20 6 13 19 24 29 33 36 39

Bell Fisheries Handbook 1.9




100

70

W (# Charge) 40% or 60% Dynamite
S

30

20

10

MISCELLANEOUS INFORMATION
Lethal Distance from Explosion (Ft.)

1 | 1
eight of Dynamite Charge (40% or 60%‘

VS,
Distance from Charge Within
lWil:hin Le}hal R.angel

| 1 1
Compiled from Tests on Anchovies
Conducted by Hubbs, C.L.
LM.R. Report 6 Dec. 1954
Calculated for Lower Lethal Limit

of 40 PSI

Approx. Values Only
Use Safety Factor Deemed Necessary

#

f . S—

o

200 400 600 800 1000

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

No for Determining N, (with A,) at
A'l'ﬁmne and Different Temperatures
0 5 10 15 20 2530 Centigrade
(Y TS TET T FRTRTIVIT )
32 41 50 59 68 77 86 Fahrenheit
Water Temperatures
t".‘oo
\@ ‘*‘%’w

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

125 25 375 50 625 75 875 100 11.25 125 1375 150 1625 175 1875 200 21.25 225 23.75 250 26.25 275

< 3 N
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2 22
Nitrogen C.C. Per Litre E:“d
Based on International Critical Tables Vol. 3 pg. 258 Volume

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

0 5 10 15 20 25 30 Centigrade
32 41 50 59 68 77 86 Fahrenheit
Water Teraperatures
w"ﬁoﬂ
%5®
A0
TN
AP
oM
N
M
a0
P
% (02)) (107 /cu. ft.) Based
10 Oxygen - MGM Per Litre (P.P.M.) on
023456789101112.1314151617Weight
0 1 2 3 4 5 6 7 8 9 10 11 12 Based
. -3 on
Oxygen C.C. Per Litre Oxygen cu. ft. 107 /cu. ft. Volume
From Hutchinson
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DEFINITIONS OF COMMON TERMS IN USE

Aerobic Organism - An organism that thrives in the pres-
ence of oxygen.

Algae - Simple plants, many microscopic, containing chlo-
rophyll. Most algae are aquatic and may produce a nuisance
when environmental conditions are suitable for prolific
growth.

Allocation - The process of legally dedicating specific
amounts of the water resource for application to beneficial
uses by means of water rights.

Alluvium - Stream deposits of comparatively recent time.

Ambient - The natural conditions (or environment) at a
given place or time,

Anadromous Fishes - Fishes that spend a part of their life
in the sea or lakes, but ascend rivers at more or less regular
intervals to spawn. Examples are salmon, some trout, shad,
and striped bass.

Aquifer - An underground bed or stratus of earth, gravel, or
porous stone which contains water. A geological rock forma-
ggg, bed, or zone that may be referred to as a water-bearing

Anserobic Organisms - Microorganisms that thrive best,
or only, when deprived of oxygen.

Autotrophic - Self-nourishing; denoting green plants and
those forms of bacteria that do not require organic carbon or
nitrogen, but can form their own food out of inorganic salts
and carbon dioxide. .

Base Flow - As defined in the Water Resources Act of 1971
(Ch. 90.54 RCW), base flows are the flows administratively
established ‘“necessary to provide for the preservation of
wildlife, fish, scenic, aesthetic and other environmental
values, and navigational values.”

Benthos - Bottom dwelling organisms.
Benthic Region - The bottom of a body of water.

Bio-aseay - A determination of the concentration of agiven
material by comparison with a standard preparation, or the
determination of the quantity necessary to affect a test
animal under stated laboratory conditions.

Biochemical Oxygen Demand (BOD) - The amount of
oxygen required to decompose a given amount of organic
compounds to simple, stable substances within a specified
time at a specified temperature. BOD serves as a guide to
indicate the degree of organic pollution in water.

Biomass - The weight of all life in a specified unit of envir-
onment or an expression of the total mass or weight of a
given population, both plant and animal.

Biota - All living organisms of a region.

Bloom - A readily visible concentrated growth or aggrega-
tion of plankton (plant and animal).

Coliform - Any of a number of organisms common to the
intestinal tract of man and animals, used as an indicator of
water pollution.

Consumptive Use - The amount of water used in such a
way that it is no longer directly available. Includes water
discharged into the air during industrial uses, or given off by
plants as they grow (transpiration), or water which is
retained in the plant tissues, or any use of water which
prevents it from being directly available.

Control Station - Any streamflow measurement site at
which a regulatory base flow has been established.

Dissolved Oxygen (DO) - Amount of oxygen dissolved in
water.

Diversion - The physical act of removing water from a
stream or other body of surface water.

Drainage Area - The area of land drained by a stream,
measured in the horizontal plane. It is the area enclosed by a
drainage divide.

Drainage Basin - A part of the surface of the earth that is
occupied by a drainage system consisting of a surface
stream of a permanent body of water together with all tribu-
tary streams and bodies of impounded water (lakes, ponds,

- reservoirs, etc.).

Dystrophic Lakes - Brown-water lakes with a very low
lime content and a very high humus content. These lakes
often lack nutrients.

Ecology - The science of the interrelations between living
organisms and their environment.

Ecosystem - An ecological system; the interaction of living
organisms and the nonliving environment producing an
exchange of materials between the living and the nonliving.

Effluent - A discharge or emission of aliquid or gas, usually
waste material. :

Emission - A discharge of pollutants into the atmosphere,
usually as a result of burning or the operation of internal
combustion engines.

Endangered Species - any species which, as determined
by the Fish and Wildlife Service, is in danger of extinction
throughout all or a significant portion of its range other than
a species of the class Insecta determined to consitute a pest
whose protection would present an overwhelming and over-
riding risk to man.

Epilimnion - That region of a body of water that extends
from the surface to the thermocline and does not have a
permanent temperature stratification.

Escapement - Adult fish that “escape” fishing gear to
migrate upstream to spawning grounds.

Estuary - Commonly an arm of the sea at the lower end of a
river. Estuaries are often enclosed by land except at channel
entrance points.

Eulittoral Zone - The shore zone of a body of water
between the limits of water-level fluctuation.

Euphotic Zone - The lighted region that extends vertically

from the water surface to the level at which photosynthesis
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
in waters of a wide range of salinity.

Eurytopic Organisms - Organisms with a wide range of
tolerance to a particular environmental factor. Examples
are glidgeworms and bloodworms.

Eutrophication - The intentional or unintentional enrich-
ment of water.

Eutrophic Waters - Waters with a good supply of nu-
trients. These waters may support rich organic productions,
such as algal blooms.

Fall Overturn - A physical phenomenon that may take
place in a body of water during the early autumn. The
sequence of events leading to fall overturn include(1) cooling
of surface waters, (2) density change in surface waters pro-
ducing convection currents from top to bottom, (3) circula-
tion of the total water volume by wind action, and (4) vertical
temperature equality, 4 degrees C. The overturn results in a
uniformity of the physical and chemical properties of the
water.

Fingerlings - Fish whose size ranges from approximately
one to three inches.

Floc - A small, light, loose mass, as of a fine precipitate.

Flood - Any relatively high streamflow or an overflow that
comes from a river or body of water and which causes or
threatens damage.

Flood Plain - Lowland bordering a river, subject to flood-
ing when stream overflows.

Fou0d-Chain - The dependence of organisms upon others in
a series for food. The chain begins with plants or scavenging
organisms and ends with the largest carnivores.

Fry (sac fry or alevin) - The stage in the life of a fish
between the hatching of the egg and the absorption of the
yolk sac. From this stage until they attain a length of one
inch the young fish are considered advanced fry.

Gaging Station - A particular location on a stream, canal,
lake, or reservoir where systematic measurements are made
on the quantity of water flow.

Ground Water - Water in the ground lying in the zone of
saturation. Natural recharge includes water added by rain-
fall, flowing through pores or small openings in the soil into
the water table.

Habitat - The natural abode of a plant or animal, including
all biotic, climatic, and soil conditions, or other environmen-
tal influences affecting life.

Heavy Metals - A group that includes all metallic elements
with atomic numbers greater than 20, the most familiar of
which are chromium, manganese, iron, cobalt, nickel, copper
and zinc but that also includes arsenic, selenium, silver,
cadmium, tin, antimony, mercury, and lead, among others.

Herbivore - An organism that feeds on vegetation.

Heterotrophic Organisms - Organisms that are depend-
ent on organic matter for food.
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Holdovers - Fish that take up residence in reservoirs rather
than completing migration to the sea; may complete migra-
tion the following year.

Holomictic Lakes - Lakes that are completely circulated to
the bottom at time of winter cooling.

Homoiothermic Animals - Animals that possess a tem-
perature-regulating mechanism to maintain a more or less
constant body temperature (warm-blooded animals).

Hydrologic Cycle - The continual exchange of moisture
between the earth and the atmosphere, consisting of evapo-
ration, condensation, precipitation (rain or snow), stream
runoff, absorption into the soil, and evaporation in repeat-
ing cycles.

Hypolimnion - The region of a body of water that extends
from the thermocline to the bottom of the lake and is
removed from surface influence.

Impoundment - A body of water formed by confining and
storing the water.

Lenitic or Lentic Environment - Standing water and its
various intergrades, as lakes, ponds and swamps.

Limnetic Zone - The open-water region of a lake.
Littoral Zone - The shoreward region of a body of water.

Lotic Environment - Running waters, as streams or
rivers.

Median Lethal Dose (LDso) - Dose lethal to 50 per cent of a
group of test organisms for a specified period. The dose
material may be ingested or injected.

Median Tolerance Limit (TL.) - Concentration of the
tested material in a suitable diluent (experimental water) at
which just 50 per cent of the test animals are able to survive
for a specified period of exposure.

Meromictic Lakes - Lakes in which dissolved substances
create a gradient of density differences in depth, preventing
complete mixing or circulation of the water.

Nanoplankton - Very small plankton not retained by a
plankton net equipped with No. 25 silk bolting cloth.

Nekton - Swimming organisms able to navigate at will.

Neuston - Organisms resting or swimming on the surface
film of the water.

Nonconsumptive Use - Use of water in a manner which
does not consume the resource. Fishery, aesthetic, and
hydropower uses are examples of nonconsumptive use.

Oligotrophic Waters - Waters with a small supply of nu-
trients, supporting little organic production.

Oxygen-Debt - A phenomenon that occurs in an organism
when available oxygen is inadequate to supply the respira-
tory demand. During such a period the metobolic processes
result in the accumulation of breakdown products that are
not oxidized until sufficient oxygen becomes available.
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Pelagic Zone - The free-water region of a large body of
water.

Periphyton - The assocation of aquatic organisms at-
tached or clinging to stems and leaves of rooted plants or
other surfaces projecting above the bottom.

Photosynthesis - The process by which simple sugars and
starches are produced from carbon dioxide and water by
living plant cells, with the aid of chlorophyll and in the
presence of light.

Phototropism - Movement in response to a light gradient.

Phytoplankton - Plant plankton that live unattached in
water.

Piscicide - Substances or a mixture of substances intended
to destroy or control fish populations.

Plankton (Plankter) - Organisms of relatively small size,
mostly microscopic, that have either relatively small powers
of locomotion or that drift in the water with waves, currents,
and other water motion.

Poikilothermic Animals - Animals that lack a tem-
perature-regulating mechanism that offsets external tem-
perature changes (cold-blooded animals). Their temperature
fluctuates to a large degree with that of their environment.
Examples are fish, shellfish and aquatic insects.

Potamology - Study of the physical, chemical, geological
and biological aspects of rivers.

Primary Productivity - The rate of photosynthetic carbon
ﬁ;a_tion by plants and bacteria forming the base of the food
chain.

Profundal Zone - The deep and bottom-water area beyond
the depth of effective light penetration. All of the lake floor
beneath the hypolomnion.

Public Waters - All waters not previously appropriated.
Rearing area - The place where juvenile fish live. It must
meet certain environmental requirements for food supply,
cover, and temperature.

Redd (Nest) - A type of fish-spawning area associated with
running water and clean gravel.

Reservation - An approved priority claim to water for a
future beneficial use.

Rheotropism - Movement in response to the stimulus of a
current gradient in water.

Riparian - Pertaining to the banks of streams, lakes, or
tidewater.

Riffle - A section of a stream in which the water is usually .

more shallow and the current is of greater velocity than in
the connecting pools; a riffle is smaller than a rapid and
more shallow than a chute.

River Basin - The total area drained by a river and its
tributaries; watershed; drainage basin.

Run - A group of fish that ascend a river to spawn.

Runoff - That part of precipitation which appears in sur-
face streams. This is the streamflow before it is affected by
artificial diversion, reservoirs, or other man-made changes
in or on stream channels.

Salmonoid - Fish belonging to the family salmonidae,
including salmon, trout, char, and allied freshwater and
anadromous fishes.

Seiche - A form of periodic cuirent system, described as a
standing wave, in which some stratum of the water in a
basin oscillates about one or more nodes.

Sessile Organisms - Organisms that sit directly on a base
wi{’lsxont support, attached or merely resting unattachedon a
substrate.

Seston - The living and nonliving bodies of plants or animals
that float or swim in the water.

Smolt - An anadromous fish that is physiologically ready to
undergo the transition from fresh to salt water; age varies
depending on species and environmental conditions.

Smoltification - The biological process whereby an anad-
romous fish becomes capable of undergoing the transition
from fresh to salt water.

Spawning - The laying of eggs, especially by fish.

Spring Overturn - A physical phenomenon that may take
place in a body of water during the early spring. The
sequence of events leading to spring overturn include (1)
melting of ice cover when present, (2) warming of surface
waters, (3) density change in surface waters producing con-
vection currents from top to bottom, (4) circulation of the
total water volume by wind action, and (5) vertical tempera-
ture equa.ity, 4 degrees C. The overturn results in a unifor-
mity of the physical and chemical properties of the water.

Stenotopic Organisms - Organisms with a narrow range
of tolerance for a particular environmental factor. Examples
are trout, stonefly nymphs, oyster larvae, etc.

Storage - Water naturally or artificially impounded in sur-
face or underground reservoirs.

Storage reservoir - A reservoir in which storage is held
over from the annual high-water season to the following
low-water season. Storage reservoirs
which refill at the end of each annual high-water season are
“annual storage” reservoirs. Those which cannot refill all
usable power storage by the end of each annual high-water
season are “cyclic storage” reservoirs.

Streamflow - The discharge or water flow that occursin a
natural channel. The word discharge can be applied to a
canal, but streamflow describes only the discharge in a sur-
face stream course. Streamflow applies to discharge whether
or not it is affected by diversion or reservoirs.

Sublittoral Zone - The part of the shore from the lowest
water level to the lower boundary of plant growth.

Symbiosis - Two organisms of different species living

together, one or both of which may benefit and neither is
harmed.
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Thermocline - That layer in a body of water where the
temperature difference is greatest per unit of depth. It is the
layer in which the drop in temperature equals or exceeds one
degree C. (1.8 degrees Fah.) per meter (39.37 inches).

Trophogenic Region - The superficial layer of a lake in
which organic production from mineral substances takes
place on the basis of light energy.

Tropholytic Region - The deep layer of a lake, where
organic dissimilation prodominates because of light defi-
ciency.

2.4 Bell Fisheries Handbook

Turbidity - The cloudiness of water caused by the presence
of suspended matter. These particles cause light to be scat-
tered and absorbed rather than transmitted in straight lines.
It is often measured in Jackson Turbidity Units (JTU).

Watershed - The area from which water drains to a single
point. In a natural basin, the area contributing flow to a
given place on a stream.

Zooplankton - Animal microorganisms living unattached
in water. They include small crustacea, such as daphnia and
cyclops, and single-celled animals as protozoa, etc.
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Legal

State, federal officers, commissions
empowered to carry out intent of
an act.

General statutes cover habitat
protection.

M.lgm’ ting fish protected by fishways
and screening of intakes.

In lieu settlements (hatcheries,
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ical State laws from Revised Code
of Washington (RCW).




LEGAL

The ﬁsher{ resources at water development projects

are protected by law under general statutes contained in
State Codes and Public Laws of the Federal Government.
Sections in wording among the states and their

agencies and do not define the requirements to be fulfilled
under astated law. In most cases, discretionary powers are
given to the State or Federal officers named by law to carry
out the intent of an act. In some cases, commissions are so
empowered.

Basically, passage of adult fish at damsis provided by
the requirement of construction and operation of fishways;
downstream migrants are protected from diversion from
streams, lakes, ponds, estuaries, salt water areas and im-
poundments by the requirement of screening of intakes.

As alternatives to the above, in-lieu settlements may be
allowed, such as the construction and operation of fish
hatcheries or man-made spawning channels or the pur-
chase of fish for planting from existing hatcheries.

If all or part of a diverted flow is returned to an aquatic

area (such as processing or coolingwater from steamelectric

l:ints), such return flows fall under pollution control regu-
ons.

Following is a list of agencies that have authority over
aquatic resources. The list may not be allinclusive. Some
of the agencies have authority to issue water-use permits;
others are authorized only to protect the aquatic resource.

State fisheries agencies (food fish/commercial)

State e fish agencies

State fish and game agencies (combined)

Water resource agencies (which may include the three
mentioned above)

Water conservation agencies (which may include
water engineering)

Bureau of Indian Affairs (acting for Treaty Tribes)

Bureau of Land Management

U.S. Forest Service

National Parks Service

Environmental Protection Agency

Bureau of Reclamation

U.S. Army Corps of Engineers

Power Authorities (for production and sale of
electrical energy)

International commissions with authority to
recommend action to preserve or extend
a specific fishery.

Other agencies, such as the Federal Energy Regulatory
Commission (FERC), have authority to modify the transfer
of public water for use by individuals, corporations, busi-
nesses and governmental agencies. In some areas, Indian
tribes claim ownership of the water and its uses.

All of the above-listed agencies have project authority
to initiate research to protect and enbance aquatic re-
sources.

Corps of Engineers has authority over navigation im-
provements, flood control and shoreline protection.

Bureau of Reclamation has authority to construct reser-
voirs and waterways for water conservation and its use for
diversion and flood control.

Federal Ene Reg:]:toryCommiadon(FERC)has
au ity to L ic

thority require of approaches to the
solution of fishery problems anm authority to make river
basin decisions.

General statutes cover habitat &t;otecﬁon by limiti
types and quantities of pollutants that can be introdu
into aquatic areas by limiting operations that damage
stream beds or shorelines and by limiting water level
c in lakes and impoundments. Flood control projects
and their operation generally under the regulations
eoveri.:;s storage and release of water and some cases are
modified by local laws.

In ial cases, fish sanctuaries have been set aside
}H;l islative action, such as the Wild and Scenic Rivers Act.

epresence of e species may stop, delay or alter
a water use project.

Of recent development are laws pertaining to the
adequacy of flows in river channels, including both mini-
ﬁm and maximum flows required for maintenance of fish

e.

The statutes of individual states and the acts of the
Federal government require agencies involved in water use
development to confer with each other for coordinating
aquatic protection activities. Where the development of
E:ver involves Federal lands, agencies such as the Federal

ergy Regulatory Commission (FERC) have been given

primary authority to requi eommhensive pﬁect plan-
ning or basin- ment hence, Iangug:
of each lieens:yl,;ued h:g an important ing in

decision making of all agencies involved. ification of
water purity by ﬁluﬁon control agencies may also resuilt
in protection to life.

Appropriation acts of the states and the Federal govern-
ment may also contain language ﬁxrhmmg to the
administration and requirement for fisheries protection at
w:(';ee;t. use developments and should be reviewed for each
P

Since the Federal Court decisionsaffecti ing rights
of Native Americans and the instigation of the mile
zone, thebasic Statelaws have been and are being modified
tothe extent that it is essential that all actions be reviewed
to reflect the results of the above-mentioned changes. The

legal aspects of fisheries management have been changed
radically.

Recent legislation in certain states permits the develop-
ment of private hatcheries and the use of the returning
runs to a project.

The agency name shown in alaw may have been altered,
or the agency consolidated with another agency, sometimes
resulting in a newly named agency. In almost all cases, the

authority has been transferred to the new agency.

In addition to the authority given to fishery agencies,
water uses may be modified Bgl}ocal planning authorities.

Caselaw mayalso further define the authority of legally
established agencies.

There is along history leading to the present public laws
for the protection of migratory fish, beginning with Magna
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Charta. (“Magna Charta, orthe charter of John,
denuI&A.D 1215.” SouthLuﬂgaunl

Volume 1, No. 5. Boston Directors of Old South
Work, Boston, Massachusetts. 1896). On page 1, item 33
MABM(M)Mtbeﬁmtowmemnbeput
downinthe rivers of Thames and Medway, and throughout

all England, except upon the sea-coast.

An excellent early summation of the ownership of land
under the water, or the water over theland, is contained in
“The him:ymdhwdm Stuart A. Moore and
Hubert Stuart Moore. (Stevens and Law Publish-
ers, Bell Yard, Temple Bar, London, 1909).

Reference to early federal laws in the United States is
contained in “Com of federal laws, to the
conservation and o%:,:ont of our nation’s and
wildlife resources - Fishways at river and harbor
projects Act of August 11, 1885.”

Over the these early acts have been amended and
changed , with the number of agencies involved

bmncsruﬂycptndei

Inaddluontoacuonbytheagenauunderthur

gmn uthority, in some cases civil action has been used

tbemtestoobhm monetary reimbursement for the
tthcrmurmundertharstcwudship.

of state laws are those in the Revised Code of
?ﬁ (RCW). These are not necessarily inclusive for

1. Wuhmgton’ wanent of Fisheries, “Fisheriescode
relating to fish and shellfish.” (As set forth in
Titles 43 and 765, Rcvind Code of Washington.)

Olympia, Washington. 1964.

Chapter 75.20, Ratndwmastodmdxtchaand
other uses of waters and waterways. Sections
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75.20.010-030, Calwnbuz River Sanctuary;
X nz%ad.mzoow Watcr

ﬂowtobenmntmned,

uired in dams,

2. Wulnngton State Game Dq)utment. code of

State of Washington, 1964 edition.” Olympia,

Wuhmgwn. 1964.

Sections 77.12.200, Hatcheries...; 77.16.210, Fish-
ways andpmmdemm. 7716.21 modxﬁ
77.16.160, lf‘hmnlmnﬁdto mogct fish  screens;
7716.220Reqmmmu.

3. Washington State Legislature (41st), First extraordi-
nary session, “1969 session laws,
grmndm House Bill No. 305).” Olympia, W

laws, Chapter 133 [En-
ashington.

...new section to Chapter 90.48 RCW...oil pollution.

4. Washington State Legislature (41st), First extraordi-

“1969 session laws, Chapter 284, House

nary session,
Bill No. 310.” Olympia, Washington. 1969.

Section 3 (new section), ...establish minimum wate:

waters urposes mtwtmg game birds
or othcfot;lll,dhfe ofp fish,
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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.

Maps showing general range
of stocks.




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

Salmon

Chinook (Oncorhynchus tshawytscha)
Coho (Oncorhynchus kisutch)

Pink (Oncorkynchus gorbuscha)
Chum (Oncorhynchus keta)

Sockeye (Oncorhynchus nerka)

Trout

Steelhead (Salmo gairdneri)*
Rainbow (Salmo gairdneri)*
Cutthroat ( ) (Salmo clarki)*
Brown (Salmo trutta)

Golden (Salmo aquabonita)*
Atlantic (Salmo salar)

Char

Brook trout (Salvelinus fontinalis)
Dolly Varden (Salvelinus malma)
Lake trout (Salvelinus namaycush)

Bass

Striped bass (Morone saxatilis)

White bass (Roccus chrysops)

mwﬂl bass (Micropterus salmoides)
outh bass (Micropterus dolomieu)

Spotted bass (Micropterus punctualatus)

Bullhead
Yellow bullhead (Ictalurus natalis)
Brown bullhead (Ictalurus nebulosus)
Black bullhead (Zctalurus melas)
Catfish

Channel catfish (Ictalurus punctatus)
White catfish (Ictalurus catus)

Crappie

Black crappie (Pomoxix nigromaculatus)
White crappie (Pomoxis annularis)

Perch

Sacramento perch (Archoplites interrup
Yellowpem:h(Pmmﬂm.meeur::)l )

Sturgeon

Sturgeon (green) (Acipenser medirostris)
Sturgeon (white) (Acipenser transmontanus)

Sucker

Bridgelip sucker (Catostomus columbianus)
Large scale sucker (Catostomus macrocheilus)
Mountain sucker (Catostomus platyrkynchus)

Miscellaneous

Arctic Grayling (Thymallus arcticus)

Blueg&lyp (Lepomis ch;'ochim)

Carp rinus carpio,

Chiselmouth (Acrocheilus alutaceus)

Columbia River Chub ( )

Dace (Rhin )

MMM mis gibbosus)
(Siphateles bicolor)

American shad (Alosa sapidissima)

Redside shiner (Richardsonius balteatus)

Smelt (eulachon) (Thaleichthys pacificus)

G Sunfish (Lepomi Q?ar;r?ilus) )

reen mis
Whitefish (mountain) (Prosopium williamsoni)

* The American Fisheries Society Names of Fishes Com-
mittee met in Ann Arbor in October, 1988 and made the
decision to change the scientific names of certain species of
trout. The common names remain unchanged.

Old Name

Salmo gai
Salmo clarki

Salmo aguabonita

New Name
Oncorhynchus mykiss

- Oncorhynchus clarki

Oncorhynchus aquaborita

Bell Fisheries Handbook 4.1




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

Commercial, Game and Resident Species

Universal Fish
Spiny Dorsal o 0 orsal

Pectoral Pelvic Anal Fin
Fins j

Fins

(Length given in inches is representative. There ma;
regional and local size variations.) Y

Salmon Trout Char
i . » (12-18 inches)

Brook trout
Dolly Varden
Lake trout

Sockeye
Kokanee (tandlocked sockeye) Atlantic

Stri Bass
(I%ches)

(6-8 inches)

_(15-& inches N
\\ = S

SN —

Smallmouth Bass

(10-19 inches)

Blue Gill
(7-12 inches)

Chiselmouth
(6-7 inches)

4.2 Bell Fisheries Handbook



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

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

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

White Cragpie

(7-12inches) (24-36 inches)
Dace Green St n
(2.3-8 inches) (60-84 inches
Sacramento Perch
(3.5-9 inches) - White S

Yellow Perch

(5-12 inches)

Bridgelip Sucker
(&lgguexcl?es)
Pumpkinseed
(7-9 inches)
Roach
(3-5 inches)
American Shad
(10-13 inches)
Whitefish
(17-22 inches)

Bell Fisheries Handbook 4.3
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SCIENTIFIC and COMMON NAMES of Some of the More Abundant Fish Species

~
bd -

4

yasvuedn

VIONYa N

viouva Mo |

»
. o ¢ o g o & v a— " e & ¢ ¢ —
0 —.
A e,
i1

“Jo[ N}y (303§ jo oBuwy [wi0udY
X1 NqrPed

4.12 Bell Fisheries Handbook




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 spawnin,
characteristics of salmonid and
related species.

Number of eggs vary.

Hatching time measured in

gg_greedays, with number required
ected 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 Fech S fe
verage Length in es. 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 ized that there
are vari not shown. The tables are intended to cover
thosefactors that affect tosome degreethe design of fish
ities. They do not d:Eictthetull range of factors needed

for the management of the species.

In large rivers it hasbeen shown that chinook salmon
are generally present throughout the year.

In anadromous species the sex ratio of returning fish is
assumed to be closeryogahnced; however, there are known
variations. It is not uncommon to find up to 20 percent
precocious males in runsin major streams. When consider-
ing a specific site, such factors can have an important
bearing on the numbers to be handled.

Not infrequently, more normal sized males than females
appear in the early part of a run, although the sex ratio may
be closely balanced by the end of a season. Early and late
segmentsof runsare subjected tothe mostadverse natural
conditions that may diminish the effectiveness of these
spawners. Sex ratios within various streams may be unbal-
anced by fishing pressure of differential gear efficiencies.

Jacks of the various species are generally considered pre-
cocious males that mature one to two yearsin ce of
the normal cyclic time. Occasionally a few early-maturing
females have been noted. The cause of precociousnessis not
fully understood. The literature attributes population
pressures and artificial propagation techniques as possible
causes.

Under normal spawning conditions the fish are paired,
although a male will mate more than once. Males usually
outlive females and, in general, can be said to live slightly
longer in fresh water than females.

Time for the completion of the spawning act may vary
from three to seven . This is an important item in de-
termining spawning bed sizes.

Redds must not bedried or exposed to stagnant water.
Eggsshould not be disturbed during the tender period, after
they arewater hardened and before they are eyed. (See
Chapter 7, “Spawning Criteria.”)

The number of eggs carried within the females varies
with size and species and may not be 100 percent viable.
The literaturediscloses that ‘eﬁgs may be retained and not
extruded before death. Not all of the eggs in a skein ripen
simultaneously. Fry emerge somewhat in the order of the
time of depositing in the redd, accounting for peaks of
downstream migration.

Hatching time is a function of temperature:ad
is oned above 32 F. for a 24-hour peﬁm

considerable variation, approximately 900 degree-days are

required for salmon hatching and an equal number for the
absorption of the yolk sac, which gives approximately 1,800

days. In contrast to the salmon hmhmgrnod.
incubation of trout eggs requires approximately 720 de-

Because of the variation, these figures should be used
only asan approximation of the length of time that either
spend in a spawning bed or a hatching facility.

Although the energy utilization is not thorough‘i{dde-
scribed, it is useful for comparative purposes. It could be
expected in the anadromous stocks, which cease feedin
upon entering fresh water, that the male uses over
?ereentofits stored energy for body maintenance and the
emale uses less than 60 t at normal temperature
levels tofﬁn;g of ii:ath :f otﬁx roducts of the female
account for 16 to 18 percent eEody energy, as opposed
to 5to 6 percent in the male. Iteouldbee?ectadmtthe
female uses double the body en: in nest building (3to 5
percent) as does the male. Therefore, as noted above, the
males, living longer, would require more energy for body
maintenance.

ngsizeisafuncﬁonofsize or age of females. Larger,
older females produce larger eggs. Egg sizesgiven

refer to green eggs; however, the sizes of water-

eggs represent space room requiredin artificial propa-
ga_g'on and areapproximatedinthe tableshere,astheyvary
widely.

Brood
Fisheries

‘Brood year’ referstothe calendar yearinwhich the bulk
of eggs 1s deposited. Time of eposition by a given
species is determined by its habits over most of its range
in Western North America.

ears were defined by the Pacific Marine
mmission in 1957 as follows:

For example:

) 5 Useasbroodyearthecalendaryearofsrawningfor
pink, sockeye, and chinook salmon and for cutthroat
and wild rain trout.

2. Useasbrood {earthe earlier of the two calendar years
of spawning for chum and silver salmon.

3. Useasbrood year the later of the two calendar yearsof
spawning for steelhead and fall spawning rainbow
trout.

Atlantic salmon are now being introduced in the Great
Lakesand, by pen rearing, on the Atlantic and Pacific coasts.
See Steelhead, Chapter 5, for approximate life history.

See Chapter 4, "Scientific and Common Names of Some
of the More Abundant Fish Species,” Exhibits 1 - 9 for
Seneral range of species. See also Chapter 21, “Fish

iseases,” Chapter 12, “Silt and Turbidity,” Chapter 7,
“Spawning Criteria,” and Chapter 10, “Water Quality.”

Bell Fisheries Handbook 5.1




USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES
Most Common Species in Western United States

me i

Predaceous, Av. No.
orage, at Weight of Eggs Timein FW. Timein
Occurrence Nuisance turity (Range) (Range) (Rearing) Ocean
Fall Chinook
Salmon
Main Columbia R., S.C 3-5 yrs. 15-401b. 6,000 Uptolyear 2-5yrs.
Snake R, & tribs. (av. less (av. size,
than 20 1b.) 11 mm.)
Large streams S,C 3-5yrs. 15-201b. 5,000 Dec.-June 2-5 yrs.
Medium streams S,C 3-5 yrs. 15-20 1b. 5,000 Dec.-June 2-5 yrs.
Small streams S,C 3-5yrs. 15-20 1b. 5,000 . Dec.-June 2-5 yrs.
Coastal Wash., S,C 3-5 yrs. 15-20 1b. 5,000 3-5 mos. 2-5yrs. .
medium streams
Coastal Wash,, S,C 3-5 yrs. 15-201b. 5,000 . 3-5 mos. 2-5 yrs.
small streams
Sacramento R. SC 4 yrs. 10-50 1b. 5,000 3 mos. 3+ yrs.
(fall) (av.201b.)
Sacramento R. S 4 yrs. 10-30 Ib. 5,000 3 mos. 3+ yrs.
(winter) (av. 151b.)
Sacramento R. S 4 yrs. 10-301b. 5,000 2 mos. " 8+ yrs.
(spring) (av. 151b.) (Aug.-Sept.)
Spring Chinook
Salmon
Columbia R., S,C 4-6 yrs. 10-20 1b. 5,000 1yr.or 2-5yrs.
Snake R., and e (av. 151b.) (av. size, lo:;rger
upper tribs. 11 mm.)
Large streams SC 4-6 yrs. 10-20 Ib. 5,000 Year around  2-5 yrs.
(av.151b.)
Coastal Wash., S,C 4-6 yrs 10-20 Ib. 5,000 lyr. + 2-5 yrs.
medium streams (av. 151b.) sea-ward
migration
Summer Chinook
on
Columbia R. and S,C 4-6 yrs. 10-30 1b. 5,000 lyr.or 2-5yrs
upper tribs. (av. 141b.) (ﬁv. size), longer
mm.




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
(2-3in.) Nest builders
Spawning,
Aug.-Dec. incub., Sept. thru Sept.-Mar. April-June
S5F., Jan.
55657
53.6-572 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.
(3-5in.) Nest builders
Jan. thru 50-55 F. Late July- During 2nd
May late Sept. spring and
summer
Early Apr.-  50-55F. Early Aug.-  Early Oct.- Mar., July
late July early Oct. mid Jan.
March-early 50-55F. Aug.- Late Aug.- During 2nd
June mid Oct. Jan. sprinsg
at 5-6 in.
Nest builders
June-mid 50-55F. Sept.- During 2nd
Aug. mid Nov. spring

Bell Fisheries Handbook
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES
Most Common Species in Western United States (Continued)

Commercial,
F Weigh: %vﬁgg% Timein FW. Timei
orage, at ight o ein F.W. ein

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

Coho Salmon

Large streams S,C . 8yrs. 5-20 Ib. 3,000-4,000 . 1lyr. + . 2yrs.
(av.81b.) (av.size, (year

6.6-7.9mm.) around)

Medium streams S,C 3 yrs. §5-201b. “ Year around 2yrs.
(av. 81b.)

Smallstreams . S,C 3 yrs. 5-201b. “ Year around . 2 yrs.
(av.81b.)

Coastal Wash, . S,C 3 yrs. 5-20 Ib. “ 1yr. + 2 yrs.

medium streams (av. 81b.)

Coastal Wash., S,C 3yrs. 5-201b. «“ lyr. + 2 yrs.

small streams (av. 81b.) i

Lower and middle . . S,C 3 yrs. 5-20 1b. «“ lyr. + 2 yrs.

Columbia R. (av. 81b.) (year

and tribs. around)

Note: Small runs

appear in June in

certain streams.

" Pink Salmon

Large streams CS 2yrs. 3-101b. 1,500-2,700 Mid Jan- 1-1/2 yrs.

(av. 41b.) (av. size, late May
7 mm.)

Medium streams C,S 2 yrs. 3-101b. " Dec.-Mar. 1-1/2 yrs.
(av.41b.)

Small streams CS 2 yrs. 3-101b. . Dec.-Mar. 1-1/2 yrs.
(av.41b.)

B.C.and . C 2 yrs. 3-10 Ib. " Feb.-May 1-1/2 yrs.

S.E. Alaska (av. 41b.)

5.4 BellFisheries 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
(8.5-4.5in.) Nest builders
Early Oct.- Spawning, Mid Nov.- Mid Nov.- Mar.-July
late Dec. incub., early Jan. early Mar.
(peak in 50-55 F.,
ov.) Rearing
53.6-572F
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,, ( in
Dec., Jan.) pril, May,
June)
Oct.-Jan. " Nov. thru ..Oct.-May
(early and Feb. (peak
late runs) late Nov.-
mid Jan.)
Late Aug.- y Sept.-Mar.  _ Sept.-April Mar.-J
Feb. (peak pL-op uy
in Oct.)
(1-1.5in.) 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.- 50-55F. Late Sept.- . 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.

Bell Fisheries Handbook 5.5.




USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Most Common Species in Western United States (Continued)

Sport,

mmercial,
F i Weigh ':fvEggs' o TimeinFW. Tim
orage, at eight ime in F.W. ein

Occurrence Nuisance mﬂ.ﬁty (Range) (Range) (Rearing) Ocean

Chum Salmon

Large streams C 3-4 yrs. 8-121b. 3,000 Dec.-May 2-1/2 -
(av. 101b.) (av. size, 3-1/2 yrs.

7-8.7 mm.)

Medium streams C 3-4 yrs. 8-121b, " Feb.-May 2-1/2 -
(av. 101b.) 3-1/2 yrs.

Small streams - C 3-4 yrs. 8-121h. . Feb.-May 2-1/2 -
(av.101b.) 3-1/2 yrs.

Coastal Wash., C 3-4 yrs. 8-121h. . 1 mo.+ 2-1/2 -

medium streams (av.101b.) 3-1/2 yrs.

Coastal Wash., C 3-4 yrs. 8-121h. " 1 mo. 2-1/2 -

small streams (av. 101b.) (approx.) 3-1/2 yrs.

Sockeye Salmon

Columbia R. to C 3-5 yrs. 3-81b. (av. 3,500 1-3 yrs. 1-4 yrs.

in some 61b.) larger (av. size, e
large streams that in Alaska. 5.5-6 mm.)
g;oyxde lake
bitat

Kokanee

Calif,, Oreg., SF 2-7 yrs. 1/8-11b. 400-500 Life

Wash.,, ar:g B.C. (mostly (8-18in., for fish

in large, cool lakes 3-5yrs.) av.12in.) 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 Time Incubation Migration Uses or Effects On Other Fish
(1.5-2in.) Nest builders
Early Sept.- 50-55F. 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.- 50-55F. 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
{peak in
ov.)
(8.5-5in.) Nest builders
Some river .50-55F. Aug.-Nov. 80-140days  April-June  Fry enter lakes where they remain
stems as dependingon (sea-ward) one to three years before migrating
raser 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- S50F., Aug.-Jan,, Aug.-Feb. Sept.-Mar. - Formerly limited to lakes with
Dec. Spawn at depending residual sockeye populations; later
44-54F.,on  on water succe y 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)

rt,
mmercial,
Predaceous, Av. No.
Forage, : at Weight of Eggs Time in FW. Timein
Occurrence Nuisance turity (Range) (Range) (Rearing) Ocean
Steelhead
Coastald streams Egg sxz%sel
and river systems, widely
northern &xf ag size of
to Alaska female.
(Consider
4-6 mm.)
Summer Run
Wash. streams S 3-6 yrs. 5-30 1b. 5,000 1-3 yrs. 1-4 yrs.
(av. 2 yrs.)
Columbia R. S 3-4 yrs. 4-121b. 2,500 1-2yrs. 2-3 yrs.
“A” Group e (av. 5-61b.)
“B” Group Sand 5-6 yrs. 8-20 Ib. 3,500 1-2yrs. 3-4yrs
incidental (av.91b.)
commercial
catch.
Winter Run
Wash. streams S 3-6 yrs. 5-28 Ib. 3,500 1-3 yrs. 1-4 yrs.
(av.81b) (av. 2 yrs.)
Columbia R. S and 3-6 yrs. 6-20 Ib. 3,500 1-2yrs. 1-4 yrs.
incidental (av.81b.) (av. 2 yrs.)
commercial
catch
Fall Run
Sacramento R. . S 2-3 yrs. 1-121b. 1,500 lyr. 1-2 yrs.
(av.41b.)
Spring Run
Columbia R. Sand 3-5 yrs. 5-20 Ib. 2,500 1-2yrs. 2-3 yrs.
incidental
commercial
catch
Rainbow Trout
Throughout S 3-4 yrs. 1/4-421b. 1,500 Life
Pacific slope; (av.1/21b)  (av.size,
widely distributed 3.1-6.9 mm.)
thru hatcheries
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
(6-8in.) Nest builders
April-Nov. 50-55 F. Feb.-June Feb.-July Mar.-June Sport caught
iune—early 50-55 F. Feb.-March  Feb.-April Mar.-June Mainly sport caught
ug. )
(A)ug. thru 50-55 F. April-May April-June Mar.-June Sport and commercial catch
ct.
?ov.-mid 50-55F. Feb.-June Feb.-July Mar.-June Important sport fishery
une
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 Nextspring  Popular sport fishery
Nov. as yearlings
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)

Occurrence

mercial,
Predaceous,

Forage,
Nuisance

at
turity

Weight
(Range)

Av. No.
(Range) (Rearing)

Time in
Ocean

Coastal
Cutthroat Trout

Northern Calif. .
to Prince William
Sound in southeast
Alaska

S,P
(Qlarge fish)

Resident
1/4-171b.
sea-run
1/2-41b.
(av.11b.)

800-1,200

Sea-run
1/2-1yr.

Golden Trout

Upper KernR.

hatehery propagated
ery pro

and stocked at-

high elevations in

So. Sierra Nev.
mountains.

1/4-31b,
@v. 1/21b.)

300-800 Life

Brown Trout

Ini'.roducelgk into 1
streams, lakes an
reservoirs; Calif,
to B.C.

S,P
(large fish)

3-4 yrs.

1/4-401b.
(av. 1-31b.)

1,500-2,500
(av.size, 4.05-
5.39 mm.)

Brook Trout
(Char)

Introduced
throughout the

U.S. west of the
Continental Divide;
well established in
many mountain
lakes and streams
where it frequently
becomes overpopu-
lated and stunted.

1/8-51b. (av.
1/4-1/21b)

500-2,500 Life
(av.size,

4.1-5.5 mm.)

Dolly Varden
(Char)

Native to

Pacific slope from
McCloud R., Calif.
to Kamchatka and
west to Japan;
widely distributed
in both lakes and
streams. Sea-runs
S catay n B.G
parti y in B.C.
and Alaska with
fish of large size.

S,P

4-6 yrs.

1/4-20 1b.(av.
1/2-31b.)

1,500-3,500 Life,
(av. size, (sea-run
5-6 mm.) 2-3 yrs.)

Ismea-run.
igrate
froxg;aocean
to lakes
each fall.
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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
Sea-run July- 50F. 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 S0F. June-late - 20 days None Occur only in small streams and lakes
Aug. Aug. at58 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 size; unusually wary
and often to catch.
Nest builders
50-55 F. Fall Sept.-Dec., Spawns successfully in fall in lakes
depending on and streams at higher elevations.
water temp. Prefers cool water. light colored
spots against darker body color,
dorsal wavy reticulation, white-edged
ventral and arasl fins, small scales.
Nest builders
Mid Aug.- 50-55F. 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 andJuneas spawn in parent stream; winter in
fertilization. 4-5 ll?.s lakes.
Smo
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Most Common Species in Western United States (Continued)

USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Occurrence

memal,

Forase
Nuisance

at,
tunity

w t
el

Av. No.
(Range)

Time in F.W.

(Rearing)

Lake Trout or
Mackinaw (Char)

Introduced from
Great Lakes Area
into a few large,
deep, cold-water
lakes of the Pacific
slope from Calif.
north and in some
inland mountain
areas. Native to
many
interior
Alaska.

.C. and

lakes in

S,P

4-5 yrs.

1-801b.
(usuall
5-20 lb )

2,000-6,000

Arctic Grayling

North Canada,
Alaska and Mont.

1.51b,
(in 7th yr.)

4,000-10,000

. (av. size,

3.7 mm.)

Rocky Mountain
Whitefish

East slope of the
Sierra Nevada in
Calif. and Nev.,
west slope of the
Contmental Divide
in mountain
streams and lakes
of Mont., Idaho,
IBJtah, Oreg Wash.,

mcludmg some
interior east slope
nver systems
inB.C.

1/8-41b. (av.

1/21b. wt.
and 11 in.

length)

2,500

White Sturgeon
From Monterey
Bay, Calif. to

in major
river systems.

S,C

Females,

12-15 yrs.

. 5-1800 1b,,
female
weighs 40 Ib.

at 12 yrs. age

(av.) and 4
ft. in length.

. 50,000-

5 million

Vqries -some
migrate,
some remain
inF.W.

Varies

Green Sturgeon

Southern Calif. to
Alaska; usu:}’lfv in
brackish or salt
water in the
estuaries or near
the ocean er‘rance
of major rives
systems.

12-15 yrs.

5-350 1b.

50,000-
2 million

Seldom in
F.W.

Mainly
in salt or
brackish
water
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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
45-50 F. Fall Sept.-Mar. .Largest of the chars; spawn in lakes
depending on in rocky ledges without building
water temp. redd; found in cold, deep water; very
e:ledaoeoctlxns, ﬂno_t eg.sellq):‘l caught; sport
ue is chiefly in ent large
size. Hybrid K-om female lake trout
Feplake” is axtiicially propagated
usp »” is 17 y pro
and stocked in B.C.; lorfg-hved
(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.) thru March; gorefer clear, cold water; mainly a
from 42 F. 5 mo. at ttom feeden competes with trout
down to 35 F. (hatch and salmon; eggs released freely --
32F.on mainly in no nest building; some limited
falling temp. March at winter sport fishery value.
40-42F)
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 n, 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)

Commercia,

Predaceous, Av. No.
Forage, at Weight of Eggs TimeinFW. Timein
Occurrence Nuisance turity (Range® (Range) (Rearing) Ocean
Columbia River
Smelt (eulachon)
Northern Calif. to S,C 2-3 yrs. 20z (under 25,000 Slight-drift Usually
northwest Alaska in 12inchesin  (7,000- to ocean 3yrs.
some major river length at 60,000) soon after
systems. maturity) hatching.
American Shad
Calif. to Alaska, S,C Female- 2-61b. 30,000 2-3 mos. 5-6 yrs.
mainly between ma, (av. 31b.) (25,000-
the Sacramento R. e-5 yrs. 156,000)
and Columbia R. 2.5-3.5 mm.
In Columbia R. (skein)
wa g mainly off
ashougal reef and

from Bonneville to
John Day dams.
Striped Bass
Exotic sp. S,P Female- 1-1/2-80 Ib. 900,000 Varies; some Varies,
spread north from ms., (av.81b.) (€] 1b. fish) stay in fresh  usually
Sacramento R. e-2 yrs. (av. size,1.28- and brackish less than
delta and San 1.36 mm) water; many 1yr.
Francisco Bay but (Swells migrate to
not numerous north 2-1/2 times  ocean in fall
ofUm&Iq:lR. in 12 hrs) at 2 yrs. of
Landl age.
some large Calif.
reservoirs.
Largemouth Bass
Warmwater lakes SP 1-2yrs. 1/2-101b. 5,000-8,000 Life
and reservoirs, (9-10 (av. 2-31b.)
Calif. to B.C. inches).
Smallmouth Bass
Scattered warm- SP 2-3 yrs. 1/2-51b. 2,000-5,000 Life
water streams, (av. 1-21b.)
lakes and reser-
voirs; Calif,
to B.C. Not com-
mon in northwest.
White Bass
Introduced S,C,P 2-4 yrs. 1/2-31b. 200,000- Life
into Calif. from 900,000
stsxss:ppx R (av. 500,000)

drainage; stocked
in Nacimiento
reservoir.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Adult Preferred %pawmng Egg Downstream Remarks -
Migration Temperature Time Incubation Migration Uses or Effects On Other Fish
Adhesive eggs
Late Dec.- 4547F. Jan.-Mar. 3 weeks Feb.-Mar. Adults die after spawning; spawn
Mar, at47F. (fry carried in major trib. over fine sand to
by stream which eggs adhere. Caught by
currents to hand ociig-netﬁng; popular sport
:&oe:n soon and food fish during shox;td
r spawning migration period.
hatching) e
Demersal eggs
Ugstream, Prefer July 3-6 days Fall Exotic sp. spread north from
d May- moderate depending on Sacramento R.; eggs released freely
July (peak temp., temp. into water; some repeat spawning
in June) but many die after spawning; roe is
valued; not an important fresh food
fish; some fill 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 ( in at64 F. and fall carried by currents during
April-June y) incubation; predaceous on small
for spawning fish; excellent sport and food fish.
Nest builders
70-75F. Spring, 5da No Important sport fish; very predaceous
wg,rtlexxl-gtem . at Ggi‘., ang eanmbmuc.
above 60 F. 2 days
at 72 F.
60-70 F. Spring, 3-3/4 days No Nest builders
above 60 F ?16/72%41 Good fish sluggish
above . VS sport in some i
at71F,; streams and impoundments.
2-1/2 days
at78 F.
Mainly in lakes and large, shallow
Upstream 55-60 F. April-June 20 days Return to reservoirs; also thrive in large rivers.
annually at60F. deep water Require abundant forage fish, as
April-June T Ezzard or threadfin shad. Female
spawning ys 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)

mercial,

F e Weigh &vﬁg Timein FW. Time
at ight i inF. i in
Occurrence Nomumnee ﬁ'turity (Range) (Range) (Rearing) Ocean
White Crappie
Warmwater lakes, S,pP 2-3 yrs. 1/3-41b. 2,000-14,000 Life
reservoirs and N when
river sloughs, over-
Calif. to B.C. population
oceurs
Black Crappie
Warmwater lakes, SP 2-3 yrs. 1/3-41b. . 20,000- Life
reservoirs and river N when 60,000
sloughs, Calif. to over-
B.C. population
occurs.
Bluegill
Warmwater ponds, SF 1 year plus. 1/8-1/21b. 3,000 . Life
lakes, reservoirs N when (av. size,
and sluggish over- 1.04 mm.)
streams. population
occurs.
Pumpkinseed
Moderately S,F, 1 year plus. 1/8-1/21b. 1,500 Life
warm ponds, lakes, N when
Soggeh streams  populat
u; pop on
having abundant occurs.
aguatic vegetation,
Calif. to B.C.
Green Sunfish
Warmwater lakes, . S,FP, 1 year plus. 1/8-1/21b. 1,500 Life
reservoirs and N when
over-
C:ﬁﬂl Wash. population
occurs.
Sacramento
Perch
Calif. and Nev., S,P 1-2 yrs. 1/4-31b. 84,000 Life
sloughs and slug-
gish river channels,
clear lakes in Calif.,
id and
alker 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. , Mar.-July Predominate over white crappie in
58-64 F. clear waters.
spawning.
Nest builders
60-80F.for  April-Sept., 32 hrs. at No . Good forage fish; very prolific; good
growth,above peak May- 72-74F. 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 - at 82 F. aquatic vegetation than bluegill.
68 F. for une
spawning.
Nest builders
Spawn Ma -Aug., Ad:gstable to cooler water than other
above 60 F., peai in June suntish; 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~ eyg
predation by exotic species; iiut
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)

Sport,
mercial,

Predaceous, Av. No.

Forage, at Weight of Eggs Timein FW. Timein
Occurrence Nuisance turity (Range) (Range) (Rearing) Ocean
Channel Catfish
Warmwater lakes, S 5-8 yrs. 1/4- 4,000-40,000 Life
reservoirs and 13-1/21b. (av. size,
streams; Calif. 3.2mm)
to Wash.
White Catfish
Warmwater lakes, S,C.P 3-4yrs. 1/4- 2,000-4,000 Life,
reservoirs and large 3-1/21b. (fresh to
streams in Calif,; slightly
widely distributed; brackish
abundant in water)

ento R,

San Joaquin R.
delta.
Yellow Bullhead
Warmwater lakes, S 3 yrs. 1/4- 2,000-12,000 . Life
reservoirs and 2-1/21b.
sluggish streams;
Colorado R. in
Calif,, scattered
areas in Oreg.
and Wash,
Brown Bullhead
Warmwater ponds, S, 3 yrs. 1/4-31b. 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. 1/4-31b. 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.

5.18 Bell Fisheries Handbook



USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Time of
Adult Preferred Spawning Egeg Downstream Remarks -
Migration Temperature Time Incubation Migration Uses or Effects On Other Fish
Nest builders
80F., May-July 9-10 days Excellent sport and food fish;
Spawn at at 60-65 F., slow and stunting occurs in
70-85 F. 5-6 days turbid waters.
at 77 F.
Nest builders
70-75F,, 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
70-75F., Late spring 5 days Has rounded caudal fin and white
Spawn at and early at77F., chin barbels; prefers clear water
69 F. and summer 7 days and abundant aquatic vegetation.
above. at69 F.
Nest builders
70-80F., 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. at69 F. prefers warm water.
Nest builders
70-80F., April-June 5 days Has square tail and dark chin
spawn at77F., 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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Most Common Species in Western United States (Continued)

USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Occurrence

Mmercial,

Predaceous,

Forage,
Nuisance

Weight
(Range)

AfvENo
of Eggs
(Range)

Timein FW. Timein
(Rearing) Ocean

Yellow Perch

Lakes, reservoirs
and sluggish
streams of
o
temperature;
Calif. to B.C.;
abundant.

S,

N when they
overpopulate
and me
stunted;often
compete with
trout. Larger
fish are pre-
daceous.

1/8-31b.
(av. 1/41b)

5,000-50,000

Carp

Lakes, reservoirs,
ponds, and slu o?

wam to moderate
temperature
having abundant
vegetation and
aquatic
nutrients; Calif. to
B.C., in fresh and
brackish water;
abundant.

S,C,

N when
they over-
populate.

1/4-60 Ib.
(av. 2-6 1b)

1/2 million-
1million
(av. size,
1.5mm.)

Squawfish

Lakes, reservoirs
and coastal

streams, Oreg.,
Wash. andreg.C.;
Columbia R.,
Fraser R. and
Skeena R.
systems; in warm
to moderate water
temperature.

PN

5-6 yrs.

1/4-51b.

5,000-20,000

Chiselmouth

Lakes, reservoirs
and streams

of moderate
temperature in
the Columbia and
Fraser R. systems
and eastern Oreg.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES

Time of
Adult Preferred Spawning Egg Downstream Remarks -
Migration Temperature e 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 at45-55 F. temperature; may limit trout
45-55F. population in some areas; easily
caught.
Adhesive eggs
68F., Spring and 4 days Adaptable to a wide temperature
spawn at summer at71F. range and to turbid, polluted, and
60-68 F. waters of low dissolved 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
at6s5 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.
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USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES
Most Common Species in Western United States (Continued)

Sport,
ommercial,

Predaceous, Av. No.

Forage, e at Weight of Eggs Time in F.W. Timein
Occurrence Nuisance turity (Range) (Range) (Rearing) Ocean
Columbia River
Chub or
Peamouth
Lakes, reservoirs. PN Life
and coastal rivers of
Oreg., Wash. and
B.C., abundant.
Roach or
Tui Chub
Lakes and -F,N when 2-8 yrs. 1/8-1/21b. 5,000-15,000 Life
reservoirs of they over-

Columbia, Klamath  populate.
and Sacramento R.

systems, eastern

Sierra Mts. in

Calif. and Nev.;

abundant.

escale
Sucker

Lakes, reservoirs .N when Male-5yrs.,, 1/4-51b. 10,000- Life
and stretggls of the ovex‘-;la Female- (av. 1-21b.) 20,000

coasts of Oreg., population 6 yrs.

Wash. and B.C; occurs. e

abundant.

Bridgelip or
Columbia Small-
Scaled Sucker

Klamath, N when 5-6 yrs. 1/4-51b. 10,000- Life
Columbia and over- (av. 1-21b.) 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
Migration ’1‘?

Temperature me

Egg
Incubation

Downstream
Migration

Remarks -
Uses or Effects On Other Fish

May-June

Will tolerate saltwater; tail deep!
forked, small barbel at corner o
small mouth; competes for food and
space with salmonids; predaceous
on salmon eggs; spawn in both lakes
and streams.

Spawn at

Spring
55-60 F.

Several sub-species; slow growing;
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
at55F.

Very prolific; compete for food and
overcrowd desirable species.

50-60 F.

Late spring

Competes with more desirable
species.

Bell Fisheries Handbook 5.23




USEFUL FACTORS in LIFE HISTORY of MOST COMMON SPECIES
Most Common Species in Western United States (Continued)

Sport,

Cgmmercial,

Predaceous, Av. No.

Forage, at Weight of Eggs Timein FW. Timein
Occurrence Nuisance turity (Range) (Range) (Rearing) Ocean
Redside Shiner
Sluggish coastal F, 2-3 yrs. 1-3 0z. Life
streams, ponds, N when
lakes and over-

reservoirsin 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 and

reservoirs, widely

distributed from

Mezxico 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
y-oug usualf is more than oftset by
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 g'olk sac demersal, often drift
cepedianum to78F. (17-28 C.)  from 0.45 t0 0.55 larvae is 3.25 mm, with the current.
in spring or early mm. Fertilized eggs with bod th 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 shapeis themselvestoany
rax‘llfing from ranges from 22,405  long and slender glggct they contact.
boulders and gravel to 543,912, averaging (10.8 mm TL). r the 20-mm
to beds of silt and 379,000 eggs. stage of the
sand. Eggs hatch in d’s shape
95 hours at 62 F. : egins to change to
(16.7C.) orin the adult form. Itis
approx. 36 hours at one of the few native
80 F. (26.7C.). 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 2.7to 4.0 mm, 9.5 mm, averaging Fertilized eggs form
temperature reaches averaging 3.0 mm. 8.2 mm. a sticky coating,
50 ¥. (10C), Average fecundity causing them to
river is lowering and  determined from adhere to anything
currents are spawning two fish with which they
weakening. was 35,000. come in contact.
Spawning occurs Sac larvae exhibit
over lasfe vel bars continuous erratic
in rapidly-flowin; swimming, from
water. Eyggs hatcgh 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. 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, han?.ng
migrations during vertically for o:f
spring freshets. periods, attached by
Group spawning their adhesive
believed to take structure to objects
lace. Six to 8 days in the water. Yolk
gor egg incubation. sac is absorbed in 7
days. Young
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 hatch 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. The{lare
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 mmin adults migrate from
nuchalis early May when ranged from 2,000 length. the lakes or rivers
water temperatures ina 2-1/2inch to slow-moving,
are 55.4-689 F. (60 mm) female to lower reaches of
(13.0-20.5C.). Fish 6,600ina3-1/2inch 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-  lengthis 4.2 mm, mature &rogressively
mid-July in New 1.5 mm. during the
Hampshire and from ;slpewmng period.
early May to August his is considered an
. in New York State. excellent forage fish
because of its small
size and relatively
weak swimming
ability.
I%pottajl shiner Spawning occurs Average Putative yolk sac Often the most
otropis hudsonius  inshore during the diameter is 0.8 mm. eis S mmin abundant minnow or
spring and early Fecundity of length. northern lakes.
summer, yearlin%s ranged
In Lake Erie, fish from 100-1,400 eggs
spawn at depths of and of 2-year-olds
34 feet. ranged {rom
1,300-2,600 eggs
(demersal).
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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
Bigmouth buffalo Spawnix:ig 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,
lal‘xmu'shes or flooded
e margins.
Spring freshets and
flooding seem to be
necessary to initiate
gaawnmg activity.
ggs hatch in
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  ovarieswas 2.4 mm,
lakes durinﬁ latefall 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 §enerally occurs in  from 1.5-1.7 mm. larvae are 4.2-4.5 in distribution. The
Gasterosteus une or July, but mm long. barrel-shaped,
aculeatus breeding continues hollow nest is held
throughout the together by a
summer (April- mucilaginous kidney
September, secretion. Eggsare
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 sandi\:, 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
66.2F.(19C.).
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Biological Information on Species in Continental United States (Continued)

weedy, flooded areas
in water 15-20 inches
deep. Eggs hatch in
8-14 days at
temperatures of
33)-63 F. (11.7-17.2

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 springas soon  from 2.5-3.0 mm. hatching. out the northern
as the ice melts when Average fecundity hemisphere.
water temperatures  is 32,000 eggs. are demersal an
ar: 43-52 . (4.4-11 }mnally adhem've,
.). Spawning orming clumps
sengrally occurs that break a in
uring daylight over 5 days. Newly-
weedy marshes, hatched fry attach to
floodplains of rivers :ﬁmﬁon by
and bays of larger esive glands for
lakes. usually 6-10 days, subsisting
hatch in 12-14 days. on yolk material
At 64-68 F. (17.8-20 rowth is rapid in
C.) eggs hatched in young; l1-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 Aprilto  of unfertilized eggs negotiate rapids and
Psuedoharengus mid-July. Spawning is 0.9 mm. ways better
occurs in lakes 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 grou%saof to 100,000. daylight hours.
three. Eggs hatch Eggs are broadcast
in6daysat60F, at random, are de-
(15.6 C.) or in 3 days mersal and are es-
at 72 F.(22.2C)). sentially non-adhe-
sive. Adults move to
deep water after
:gawning where
;s ey remain through-
‘ out winter. Ann
mortality in the
Great Lakes
is ﬁrobably caused by
fish’s inability to
adjust to rapidly-
changing
temperatures.
Muskellunge Spawning occursin = Diameters of 9.5-10.3 mmlongat  Young reach 6
Esox masquinongy April-May when fertilized eggs range  hatching. inches (152 mm)
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 55F. (128 C.) averaging 120,000. November of their
during the day in first year.
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Biological Information on Species in Continental United States (Continued) \

Fish Species
(Common and
Scientific Names)

Spawning and
Egg Incubation

Size and
Number of Eggs

Other Pertinent

Larvae Size Information

Utah chub
Gila atraria

Spawning occurs
mainly during late
June or July in
Montana when
water temperatures
are above 53 F.

(12 C)). Spawning
occurs in 2 feet

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

2 weeks.

Egg size is 1.04-
1.17 mm. Ave
fecundity is 40,750.

1.69-2.67 mm long. Eggs areadhesive and
& demersal.

Cisco .
Coregonus artedii

Spawn in the winter
at temperatures at
approx. 39.0-41.0 F.
(4.0-5.0 C.) witha
peak number of fish
wning at 37.9F.
(3.3 C.). In inland
lakes, fish spawn
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
42F. (5.6 C.), 106
daysat41F.(5C.)

Fecundity ran
fEx:-om 6,000 to 29,000.
gg diameter ranges
from 1.8-2.1 mm
( taken from the
y cavities of

Eartl -spent Lake
rie ¥e2alw).

Golden redhorse
Moxostoma
erythrurum

Spawning occurs
over riffles in the
main stream of a
river in springtime
when waters reach
59-60 F. (15-15.5C.).
Eggs are broadcast
over the stream
bottom.

Diameters of mature
eggs from ovaries
were 2.2-2.6 mm,
with an average
diameter of 2.4 mm.
11.5-15.7-inch
(292-399 mm)
females average egg
number ranged from
6,100-25,350, with
estimates to 35,000.
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A
Pacific Salmon Adults
Average Le in Inches
Average Weight in Pounds

Chinook
Coho 9-1/2 lbs.
Pink 4 lbs.
Chum 9 1bs. ‘
Sockeye 9lbs.
JALARASAR AL RARRR AR RINARIERARRAARRRRAR ﬂ‘

0 10 20 30 40
Length in inches
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Largemouth bass
Smallmouth bass
Spotted bass
Coosa bass

Rock bass

White bass
Striped bass
Bullhead catfish
Channel catfish
Cisco

(Great Lakes)

Cisco
(Lake Erie)

Whitefish
{Great Lakes)

Whitefish

(Rocky Mountain)

Shad

Sunfish
(Several species)

Crappie
(two species)
Walleye

Sauger

Yellow Perch
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Chapter 6

Swimming Speeds of
Adult and Juvenile Fish

Imgortanee of cruising, sustained
and 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.

Effect of temperature on
swimming effort.

Visual reference and effect of
darkness and light.

Pollution effects.

A, Relative Swimming Speeds
of Adult Fish.

B. Relative Swimming Speeds
of Young Fish.

C. Relative Swimming Speeds
(Mackenzie River and Alaska data).

D. Swimming Speed of Sockeye Fry
at Chilko Lake.

E. Maximum Sustained Cruising of
Sockeye and Coho Underyearlings
in Relation to Temperature.

References Reviewed.




SWIMMING SPEEDS OF ADULT AND JUVENILE FISH

In the development of fish facility structures, three as-
pects of swimming speeds are of concern.

1. Cruising - a speed that can be maintained for long
periods of time (hours).

2. Sustained - a speed that can be maintained for
minutes.

3. Darting - a single effort, not sustainable.

Exhibit A and B show the relative swimming speeds of
selected adult and juvenile species. Exhibit C shows swim-
ming speeds for nzie River fish. Exhibit D shows
the swimming effort of sockeye salmon fry at Chilko Lake.

Fish normally employ cruising for movement
(as in migration), sustained speed for passage through
difficult areas, and darting speed for feeding or escape
purposes. Each speed requires a differentlevel of muscular
energy, and it be assumed that there isa 15 percent
lossin the er of muscular energy to propulsion.

The force on the fish may be considered equivalent to
that associated with any object, either movix;%, within
water or stationary in movingwater. Energy involved may
be computed by the following equation.

2g
where F = force (in pounds)
C4 = drag coefficient = .2 (salmon)
Area = cross sectional area in square feet
W = weight of water (62.4 pounds per cubic foot)
V = summation of velocities in feet per second
g = gravity (82.2 feet per second per second)

F = C.AW

Thus, force throtgh a distance gives foot-pounds and
can be converted to British the units or calories.

As energy requirements are related to the of the
apparent velocity, the reason why fish tire rapidly as the
velocity increases is evident from the above formula. The
build-up of lactic acid as a result of unusual activity can be
fatal. A number of investigators have indicated that fish
may recuperate rapidly after exhaustive exercise. Con-
versely, it has been noted that up to2 hoursare r:g:u-ed for
fish to recover and assume normal movement after tiring
exercise.

An early investigator (Reference No. 36) used the weight
of the fish to establish a ratio of sustained speed to darting
speed of approximately .5 to .7. This has been borne out
by recent investigations in which lengths of fish were used
as a measure.

The dataindicate that afish’s cruising level may be
151020 per cent of its darting speed level. This is further
supported by data from experiments on jumping fish by
computing the velocities at which the fish leave the surface
by using the following formula and comparing the results
with the results of the swimming tests.

V =/3gh

where V = initial velocity in feet per second (at water
surface)

g = gravity (32.2 feet per second per second)
h = height in feet of jump above water surface

Investigations have shown that fish are able to sense low
levels of velocity and orient themselves to a velocity of
0.16 fpsand may sens'::{anges of 0.328 fps (Reference 48).

hey, hence, may seek and find the most favorable areas,
which l&ak:; it dioﬂficlﬂt to use average ;relodties in dett::;
mining the effects of swimming speeds. Itis
nonms distribution curves be utilized for this purpose.

Adults frequently seek higher velocities at obstructions,
which may be utilized toattract them to fishway entrances.
Such velocities should be well under the ing speed of the
species and sizes involved but may exceed their cruising

Swunmxx’ ing speeds are affected by available oxygen and
swimming effort may be reduced by 60 per centat

levels of one-third saturation. Oxygen levels also affect
other functions of fish.

Temperatures ateither end of theoptimum range for any
&u affects swimming effort. A graphic presentation
ibitE) hasbeen prepared from Reference 16 and shows
thata reduction of swimming effort of 50 per cent may occur
as a result of adverse temperatures.

In dealing with problems at
mingspeed is important, such astheprotection of d’:hveniles
ahead of frotectwe screening or the guidance of fish (both
adult and juvenile), the effects of temperature and oxygen
must be evaluated.

Asfish sense changes in velocity, they may avoid moving
from one gradient to another, i y from a lower to
a highergradient. When guiding or directingfish, smooth
transitions and accelerations are desirable in order to pre-
vent them from stopping, hesitating or refusing to enter a
particular area.

It is assumed that fish use visual references in their
movement and, therefore, behave differently in darkness
than in light. Stimuli other than velocity may guide the

ific sites where swim-

fish’'s movement within established levels of cruising and
sustained speed. Downstream migrating fish may lock into
a velocity and be swept along at that are well in

excess of their cruising speeds.

tmh}; ::g:si ot{u'o testsugh(Refere;lee 49) it was shown that %slh

an endless pipe system more rapidly
when the system was lighted. W’i’t.ge opposing velocitlpes of
2to0 2.5 fps, the best swimming performance was obtained.

An increase of 23 per cent in passage time was found
when the system was in darkness, and the maximum dis-
tanceattained by thesockeye tested wasabout 1 mile under
lightand 0.26 mile under darkness. Theground speed of the
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

|
l
]
i
s l
< |
2 |
= |
< |
= ]
< . I
= 1 = lower limit "
u = upper limit "
|
u,l u,l u :

Vc=1 /GVm VS=1/2Vm Vm

Swimming Speed (ft/sec)

k= w : assuming C4 'does not vary throughout

2¢ the swimming ranges.
A = Cross sectional area in square feet.

!
Vm = Maximum swimming velocity in feet per second.

D(Swimming Distance) = VT

Work = kV?D or kV>T

The maximum time that darting can be maintained is
estimated at 5 to 10 seconds, thus the time that maximum
sustained speeds can be maintained is shown by the rela-
tionship

where kVi, T = maximum energy factor at optimum

temperature.

6.2 Bell Fisheries Handbook

Velocities should not be averaged as the energy factor
varies with the square of instantaneous velocity. Pulsing
velocities can increase the instantaneous energy require-
ments by four times throughout the darting speed range.
This may account for the variations in performance time
found in the tests on swimming speeds. Because of turbu-
lence and pulsing, a maximum darting time of 7-1/2 seconds
is a suggested value. As fish are capable of swimming for
hours at the upper ranges of their cruising speeds, it is
assumed that no oxygen deficiency occurs at this level.
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-
penditure.

In addition to the effects of oxygen and temperature,
swimming performanceis also adversely affected by various
pollutants. Selected references are included to indicate the
source material for those pollutants that are of major
concern.




SWIMMING SPEEDS OF ADULT AND JUVENILE FISH

A
Relative Swimming Speeds of Adult Fish
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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)
Striped Bass (5”)
Mullet (.5”-2.75")
Glass Eels (2)

Elvers (4"—

Spot (.5"-2.75")
Pinfish (.5”-2.75")

SWIMMING SPEEDS OF ADULT AND JUVENILE FISH

B
Relative Swimming Speeds of Young Fish
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SWIMMING SPEEDS OF ADULT AND JUVENILE FISH

C
Relat /e 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 (77-17")

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 (77-12")

Emerald Shiner (2.5")
Burbot (8”-2)

Pike (14")
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MacKenzie River data used for sustained speed.

Ala- . data used to extend swimming speed to darting level.
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D E
Swimming mof Maximum Sustained C of
Sockeye Fry at Lake Sockei"eeand Coho Unde gs
in Relation to Temperature
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Chapter 7

Spawning Criteria

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

Oxyjen 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 Critena 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
adults are able to spawn with a minimum of molestation.

The spawnin&habits of the most common species may be
separated into three types:

1. Nest builders, including salmon, trout, char, catfish
and most species of bass.

2. The group that %l:joduces demersal or free-floating

and larvae which develop rapidly in the current.
ell-known examples of this type are the striped
bass and the American shad.)

3. The species that re{n'oduee by means of adhesive eggs
that attach themselves toaquatic plants or submerged
rocks after extrusion. (Common examples of this type
are the Sacramento perch, Columbia River smelt or
eulachon, the surf smelts and other members of the
family Osmeridae, and many of the minnow (Cyp-
rinidae) and perch (Percidae) families.

The latter two types of reproduction (free-floating de-
mersal eggs and adhesive eggs) are both subject to high
losses from predation and environmental variations. Con-
seque::]g', numbers of and larvae must be
produced in order that a few may develop to maturity.

Salmon andtrout are gravel nest buildersand, while shad
eggs are demersal and smelt eggs are adhesive, all of these
igeciesne ire clean gravel or sand for successful spawning.

uch of the general information is briefed in Chapter 5,
“Useful Factors in the Life History of the Most Common
Species.”

All deposited eggs require oxygen for development.
Eggsdeposited in stream beds are ggplied with oxygen
from percolated wa‘er, eggs deposited in lake areas are
supplied with oxygen by surface currents or by the adultfish
fanning, and eggs deposited in the volume of a stream are
supplied with oxygen bg; the moving water. It follows,
therefore, thatthese conditions for supplying oxygen must
be maintained during the hatching period.

Variations in water levels and velocities may occur by
naturally changing flows or lakelevels. In streamsin which
theflow is regvf‘lated, the effects of such regulation require
additional measurement. Stability in lake levels managed
for water use, or half lakes resulting from the construction
of dams for power development, storage, or flood control
may create adverse conditionsduring critical spawningand
hatching periods.

The operating curves of regulated lakes or half lakes
should be used to determine the stability of the lake level
during critical periods. Such operatingcurvesareavailable,
as they are developed as part of a project. From such
curves, the magnitude of any changeinlakelevel and dis-
charges can be obtained. All such lakes or half lakes are
subject to natural variations caused by the rate of inflow
versus the rate of use. All such data should be obtained and
evaluated for the potential of maintainini; or possibly
increasing, production of lake-dwelling fish.

The eggs from fish that use side embayments in rivers
for spawning are subject to natural water level changes
and, in stream areas below ting reservoirs, are
subject to potentially hourly or daily changes. The effect
of either type of change can be determined from field
studies, and may berequired for%rojectlieensm .Fish that
use a stream bed to spawn are subject to natural variations
or to changes resulting from water releases (up and down).

Stream examinations are usually conducted to evaluate
level variations for both depth and velocity.

In general, salmon and trout spawn in the same type of
stream areas with depth factors somewhat commensurate
with the weight of the fish. Trout select areas ranging from
6inches to 2.5feet in depth; salmon spawn between ranges
of 9 inches and 4 feet.

See Chapter 27, "Artificial Spawning Grounds.”
The redds vary in size as shown in the following table:

Table 1
_ ]
Approx. Average Area Area recommendedper 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 39 16
Coho " 9 34 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. Clag, 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
the spawning bed) is less than the sustained s of the
adultfish. See Chapter 6, “Swimming Speeds of Adult and
Ju:llesn}lpe Fish,” which gives velocities ranging between 1.5
an 8.

During the spawningact a defense area against encroach-
ment isenforced by the spawning pair. The size of this area
is shown on Table 1. In the best spawning areas, superim-
msiﬁon of redds by later spawners may occur. The eggs are

id in clusters at depths of 6 to 10 inches and covered by
gravel. A square foot of good spawning bed contains from
125 to 200 eggs. False redds may be dug and abandoned;
pink salmon particularly are noted for this phenomenon.

The number of fish that may use a spawningarea because

of an unusually large run or diminished spawning areas

~may result in spawn being deposited in undesirable

locations, such as in the periphery of a stream area which

may become dried at lower stages. Iffishare denied access

to proper spawning grounds, females mev die unspawned
or the eggs may be deformed.

As temperature is a major factorin success of spawning,
thelimitations shownin Chapter 11, “Temperature-Effects
on Fish,” are necessary for reproduction. During their
tender stage, eggs are particularly sensitive to adverse
temperature changes or movement.

The physical measurements of spawning grounds have
been taken from a number of sources and represent
hundreds of measurements of desirable spawning reaches
of river. Velocities, depths and flows must match the timing
or runs and temperature requirements. Absence of one of
thuelse factors is sufficient to negate the effectiveness of
others.

Exhibits A and B depict one method of evaluating the area
of the stream bed utilized by fish for spawning. As velocity
and depth are both limiting factors, they both must be
within the optimum range. Similar techniques have been
dgv:l)oped by other agenciesand are equally useful. (See also
12.4.

Anadromous salmonids, which do not feed from their
time of entry into fresh water, live on their stored energy.
Table 2 shows the general energy utilization, although this
varies among species and distancesfrom the stream mouth.

Table 2
Percent Energy Utilization
Males Females
Life Maintenance 60-70 50-60
Swimming 10-12 10-12
Nest building activities 1-2° 35
Gonad and egg development 56 16-18
Residual (at death) 8-10 12-15

As noted in the above table, life maintenance require-
ments account for the greatest expenditure of energy. As
fish are cold-blooded animals, the energy utilization is a
function of temperature. This relationship is shown in
Chapter 11, “Temperature - Effects on Fish.” If the

7.2 Bell Fisheries Handbook

temperatureis elevated during migration or spawning, the

requirements for life maintenance may exhaust the
a ble supply of energy and resultin early death prior
to spawning. It has been noted that a sudden drop in
temperaturewill causeall spawning activity tocease, which
can result in lowered nest building activity and reduced
production.

A means of computing energy requirements for swim-
ming is shown in Chapter 6, “Swimming Speeds of Adult
anc Juvenile Fish.”

The energy requirementsfor gonad and egg development
can be computed from the weight of the sex products.

The energy requirement shown for nest building is
an approximation, computed from the swimmingactivities.

To assist in a preliminary evaluation of changesin a
natural stream channel by flow variations, a ge iminary
estimate of the effects of such cha.nges may be obtained
by utilizing the relationships of flow to depth, flow to
velocity and flow towetted stream width. Flow in cubicfeet
of water per second (Q), raised toa power and multiplied by
a multiplier, may be used to determine surface width,
average velocity and average depth.

Width may be obtained by using a multiplier (a) times the
flow, raised to a power (b). The average velocity may be
obtained by using a multiplier (k) times the flow, raised to
a power (m). The average depth may be obtained by using
a multiplier (c) times the flow, raised to a power (f). The
multipliers, when multiplied together, should equal one.
The powers used when added together should equal one.

Stream slope is a major factor, within which slope are
various reaches that may begreater orlessthan the overall
stream slope, i.e. a pool and riffle type of stream. The
pavement of the stream bed surface is related to the
maximum column velocities during flood stages. As gravel
bed size is related to pavement size, steep streams or steep
riffle slopes may not be usable to spawning fish because
of the large-sized pavement rocks needed to maintaina
stable stream bed. As the rise approaches 100 feet to the
mile, cttgfl availability of suitable bed conditions become
restricted.

The influence of slope has a significant effect on two of
the spawning criteria, velocity and depth. The overall slop2
of astream may be used, but preferably a reach slope, that
is thearea involved, should be used. A pool and riffle river
is an example of reach slopes versus the general river slopes.

In trout areas, there may be limited spawninslin sheltered
areas below large boulders. Food needed by the eme‘;gi‘;gg
fry is alsolimited in steep streams. (See Chapter 8, *
Producing Areas.”)

Stream bed stability or gravelsizes, as related to column
\éed:;ities, are shown by table in Chapter 32, “Channel
ges-’)

Exhibit Cindicates the advance of the spawningbed asthe
nest building continues. The are laid in clusters
and subsequently are covered with gravel. The shaping of
the redd by digging results in percolation of water through
the beds. The nest building tends to clean the gravel and
the beds become spongy.




SPAWNING CRITERIA

Tounderstand thegeometry of a stream, the interrelétion-
ships of flow, width and depth for the widely varying flows
throughout a water year must be known. If there are

available USGS runoff data, these relationships can be

obtained for any ific stream so measured. The average
daily flow may be determined from the annual runoffin acre
feet for a specific stream. For purposes of initial evaluation,
if relationships can be established for a basin they may be
used in evaluating tributary streams.

In evaluating tributary streams, a number of represen-
tative reaches should be examined. Most streams have
increasing flow through their length as water enters the
stream. There are exceptions: Streams from a productive
water source passing through arid or semi-arid areas may
lose water by evaporation an seepa%e. Occasionally, there
are streams that lose water in their delta areas by excessive
seepage. While diversions of water for any purpose will
reduce the flow, return flows from irrigated areas may
augment the flows, with a lag time between the water
application and its return. It may be expected that river
gradients flatten as they approach the mouths or deltas.

Utilizing the relationships for Washington streams, it is
ible to determine changes in width, depth and velocity
or critical flows. One hundred, fifty-four streams in western
Washington and 61 streams in eastern Washington were
examined to determine the relationship of average mini-
mum flow to mean flowand mean flow to average maximum
flow. The following values were obtained: from minimum to
meanin western Washington, 9.78, and in eastern Washing-
ton, 9.95; from mean toaveragemaximum in western Wash-
ington, 10.92, and in eastern Washington, 7.72.

Streams may havedifferent sets of powerfactorstobe used
with flow. See Exhibit D, Hydraulic Geometry Exponents,
which hasbeen prepared to show a method that may be used
to determine the changes in width, depth, and ave:
column and bottom velocity at reach siope. It gives the
power factors that may be used for a general stream and for
sgeciﬁc reaches, with shapes shown. It is suggested that for
obtaining width, depth and velocity changes in a reach,
exponents 0.3, 0.4 and 0.3 be used, as they cover the bed
shapes shown, the last shape being a walled channel.

Under natural conditions of stream flow, major changes
brought about by storms, or in some cases melting snow,
may take hours or days to alter their flow relationship.
Spawning fish may res&:ond to such changes by retreating
from the redds at peak flows to areas oflow velocity and then
returning to the original redd site as the flows drop, until
spawning is completed.

The release of stored water may reach its peak changein
a matter of afew hours; then cut off, retreat and reverse the
increased changes. Such changes may occur morethanonce
a day. These changed flows may interfere with spawning
by causing the fish to retreat for shelter.

The methods that have been described for determining
the effects of flow changes may be used to depict the
severity of these changes, although field studies may be
needed to evaluate the calculated changes.

Stranding of young fish or the drying of redds can also
result if the flows are rapidly cha.;:g:% downward. The
methods shown here can be used for evaluation of such
potential effects. Again, field studies may be required
specifically to determine the slgges of bars, on which pools
may form and young be stranded.

Procedurescan befollowed by usingthe hydraulic geome-
try of the stream to show the effects of width, depth and
velocity at various flow levels.

Dimensionless curves showing distribution of velocities
overthedepth of flow din Graph 1 were calculated using the
logarithmic velocity profile theory. V is the local depth-
averaged velocity. According to thistheory, the velocity uat
distance y above the bottom is equal to V at y/d = 0.37.
USGS stream gaging practice assumed u = Vaty/d = 0.4.
Aty/d = 0.05, the bottom velocity is approximately 0.6 V.
Also, V is approximately 0.8 times the maximum velocity.

The dimensionless profiles of depth-averaged velocities
shown in Graph 2 are based on velocities calculated at
various distances X from the water edge for three
representative channel! cross-sections shown. is the
overall average velocity, Q/A, for the cross-section. Near
the bank, the local velocity can beapproximated as about
1/6 of ltih: maximum velocity, which occurs at the channel
centerline.

Graph 3 shows three slopes for velocity, depth and width
related to changing flows.

Graph 4 shows the changes in width, depth and velocity
related to changing slopes with the same roughness factor
and bed shapes.

See Chapter 32, “Channel Changes,” for formulae for
developing average cross sectional velocities in a stream.

See also Chapter 27, "Artificial Spawning Channels.”

" Bell Fisheries Handbook 7.3




SPAWNING CRITERIA
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Method of Application of Optimum
Criteria to a Particular Study Section
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C

Redd Size Increases
As Spawning Action Proceeds

After Clifford J. Burner
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See Page 12.4.
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SPAWNING CRITERIA

D
Hydraulic Geometry Exponents
Q = WdVv
= aQo cQkQm
Width Depth Velocity

Reference b f m
Leopold & Mattock 26 40 34
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Leopold & Mattock Parker 5 4 a ‘

Downstream variation
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on mean annual Q
Bell Handbook 1980 6 3 1
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by R.E. Nece

Bell Fisheries Handbook 7.7




SPAWNING CRITERIA
"~ Graph1l
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Graph 2
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Graph 3
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Chapter 8

Food Producing Areas

General

Factors affected by temperature.

Assessing food potential for fish
production in streams and lakes.

Important hysic:lofammeters

Velocities for best food production
between 1 and 3 fps; depths
between .4 and 1 foot.

L. Digestion Time Required by
Trout at Various Temperatures.
Increase in Metabolic Rate Caused
by Temperature Increase.

J. Percent Occurrence of Trout Food
in Streams.

that affect food production. Effect of gradient on fish production.
Fish are specialized feeders. Shapes of stream channels.
Problems associated with using Energy control in streams.

standing food crops as an indicator

of an area’s potential. Effective spawning and food
groduction both limited to flows

Light level for salmonoid feeding. elow annual average.

Lakes Sources for historical flow records

and slope data.

Newly formed lakes highly

productive, A. Feeding Rate for Rainbow Trout
of Various Sizes at Various

Hydrogen sulfide found in lower Temperatures.

layers of newly formed lakes.

Predator removal results in greater

B. Energy Requirements
(in KP:%ay)' Compared with

planting rate. Oxygen Demands.
Loss of dissolved oxygen below C. Food Conversions of Salmonids.
thermocline a problem.

Fish production related in part to
latitude, altitude and sun factor.

Comparison of yield as a percent of
carrying capacity.

Effect on production rate of
north-south tem erature gradient.

D, Effect of Feeding of Live Minnows
to Brook Trout.

E. Daily Feeding Rate of Brook Trout
(as Percent of Body Weight--All Meat
Diet). Expected Daily Percentage
Increase in Weight.

K. Gross Distribution of the Aquatic
Invertebrate Fauna With Water
Velocity, Mean Depth, and Substrate
Particle Size.

L. Abundance and Volume of the
Four Dominant Orders of Aquatic

Insects by Months.
M. Average Standing Crop of Bottom
Organism (No./Ft.g7Mo.).

N. Percentage Occurrence of Major
Groups of Organisms in 289 Trout
Stomachs.

O. Mean Monthly Ave
Trends for Quantity and
Material Ingested by Trout.

P. Condition of the Trout (K)

in Relation to Utilization and
Abundance of Bottom Organisms,
Rate of Flow and Stream
Temperature.

Q. gen and Growth of Young
Coho Salmon.

and
e of

F. Percent Weight Gain of Fall
Chinook Fingerlings during a

R. Rearing Characteristic Curve
of Typical Stream.

Streams 28-Day Period.
S. Average Annual Escapement
Evaluation of food potential G. Percent Length Gain of Fall (Wild and Hatchery-Reared Fish)
of an area. Chinook Fingerlings During a and Salmon Production in Selected
28-Day Period. Streams in the State of Washington.
Silt in normally clear streams
lowers production. H. Food Consumption at References Reviewed.

Flood flows may reduce production.

Oxygen required for food production;
affects feeding and growth rates of
salmonids.

Various Temperatures and Sizes
(Using Abernathy Soft Pellet 27.5
Percent Protein). Comparison of
Abernathy Soft Pellet with Two
Other Types of Food.




FOOD PRODUCING AREAS

General

In assessing the food potential for the production of fish
in fresh water, measurements are necessary in both
streams and lakes.

In streams, the physical parameters that require meas-
urement include width, wetted bed area and its roughness
(gravel size), cross section, slope, ,%uality, velocity gradient
and flow in cubic feet per second. The relationships of pool,
flat and riffle frequencies should be measured as variables
in food production and energy balancing mechanisms.

4 I?h, lﬁkes, the measuremrglts requil;eﬁd include volum%
ep ensity gradient, surface area, inflow, discharge an
darity.,Witht{n these measured water areas there exists
a complex relationship among growth, life maintenance re-
quirementsand the cropping of food organisms, all of which
are limited by other major physical factors, such as
temperature, altitude, dissolved solids and gases, turbidity,
thermocline location and pollution.

Fish are specialized feeders to d that vary with
:Eecies and size; however, because of theabove parameters,

e presence or absence of a specific food may not givea true
index of the suitability of an area for fish production. The
measurement of standing food crops is also not a true
indicator of an area’s potential, as the volume of a crop
may be limited by theabundance of feeders in relation to
the life cycle of the food organisms.

The feedinglevel of light for salmonids may begin at 0.01
foot candles, with the feeding rate ceasing below this level.
Feeding is proportionate to the log of light intensity.

In soft water (below neutral), both plantand fish produc-
tion are low, whereas in hard water (above neutral
:lnkalﬁlm;y) food production and fish production are gener-

y nigh.

A principal concern has been with salmonoid fish whose
production in any area reflects the stress of the environ-
ment. In order to set optimum water volumes, a more
precise delineation than has been made is necessary to
determine the relationship between the organisms on
which these fish feed and the pounds of fish produced.

Lakes

When considel::‘ikgg the pouxt\_ds of fish %I;esfent, fish zxzsﬁ
isimportant, asalake supports fewer pounds of growin,
thanl:iult fish. ppo po ¢

The age ofalake is important, asitis oommonl¥ accepted
that during the first three years of its life a newly-formed
lake is highly productive, but this is not indicative of a firm
level of production as the lake ages.

In some newly formed lakes, hydrogen sulfide has been
found in the lower layers. Ifsuch waterlayers wereto be
diverted, particularly in halflakes such as power reservoirs,
thedi from a powerhouse could be polluted, causing
killsin the river below. The annual overturn may also bring
such polluted water to the surface. This phenomenon
disappears as the lake ages.

Lakes that are rehabilited by the remaval of predators
may be planted at a rate atleast four times greater than
that of accepted planting practices. The range for trout
planting isapproximately 31bs peracre forfry, 6Ibs peracre

for 3- to 4-inch fish, 131bs£eracrefor5-to6-inchﬁsh,40
I acrefor 8- to 10-inch fish and 60 Ibs per acre for 10-
to 12-inch fish. Catchable production of 2-1b fish may vary
between 25 and 60 Ibs per acre.

Another problem that can occur in lakes is the loss of

dissolved oxy, below the thermocline, causing oxygen
deﬁcien?. ﬁ; can result from decaying vegetation. If
oxygen-deficient water were to be di from a half

lake, the stream immediately below the dxscbmgﬁmﬂet
would be oxygen-deficient, with a resulting fish kill.

In geographical areas where ponds or small lakes become
covered with ice, winter kills resulting from the low oxygen
level can occur. This phenomenon can also occur in
densely populated hatchery ponds that freeze over.

In a half-lake situation, when cold water is withdrawn
from below the thermocline, the stream temperatures are
lowered. In some cases, multiple level intakesare required
to synthesize the normal river temperatures which existed
before the operation of such recent lakes.

If turbid streams flow into large lakes, there can be
stratified layers of water with high turbidity in the lakes
which, if discharged, change the production of the stream
below the lake.

If cold waterfish areresident ina lakewith high tempera-
ture surface layers, it must be recognized that such fish
would require depths for survival and these depths, if
oxygen-deficient, may be denied them. In such cases, cold
water fish would disappear.

Fish production in lakesisrelatedinpart to latitude and
altitude and to the sun factor. Available maximum growing
time in the southern latitude (around 30 degrees) may be 12
months, orfour times greaterthan in lakesat alatitude of 46
degrees, which is about 3 months. (Reference No. 57.)

Another comparison can be made of yield as a per cent of
carrying capacity. At 30 degrees latitude the yield may be
in excess of 100 per centof thestanding crop, compared with
about 20 per cent of the standing crop at the northern
latitude of 46 degrees.

The north-south temperature gradient gives approxi-
mately 1 F. difference for each degree of latitude (north or
south). Under this regional relationship, the temperature
change causes the production rate to , increasing or
decreasing by one-third per cent (0.33) for each degree of
latitude going south or north. (See Chapter 11, “Tempera-
ture - Effects on Fish.”)

Streams

In accordance with Exhibits J and K, or with more precise
data if available, the food potential of the subregions of
streams may be evaluated. In those areas suitable for

wning, the food-producing characteristics of streams
should follow closely the lower parameters delineated for
trout spawning.

As shown in Exhibits L, N and O, terrestrial food
normally does not represent a major part ofa fish’sdiet and
the fish are dependent on the wetted areas of a stream.
Aquaticfood suppliesdo not shift within the stream sections
as stream levels rise or fall, so that the permanent wetted
area of a channel, orthe low flow, is the governing factor
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FOOD PRODUCING AREAS

in food production. This is further substantiated by the
fact that food organisms generally have atleast a one-year
life cycle and they do not reestablish themselves in areas
that are alternately wetted and dried. The maximum food
supply from flies is available in mid-spring (References
12 and 13) and they become less available as fish food when
their winged stage is reached in late spring and early
summer.

Within the streams, food is required for the support of
body functions, and, in greater amounts (in the juvenile
stage), for growth; hence, the number of pounds of fish that
may be supported in an area at a given time depends on the
availability of food, the weight of the fast- juveniles
and the total pounds of the fish at or agmqradult
stage, or at least at a %oint of decelerated growth. This is
borne out by Exhibits B, E, Fand H. An assumption may
be made that in stable West Coast streams, where the
envinergnment is suitable, .4 yearling per square yard is sup-
ported.

Reference No. 9 shows the wet weight of individual
bottom organisms, which varies between 1.0x 10-*and 8.0
x 102 grams (3.21 x 104 and 2.56 x 10~ ounces), with an
overall average of approximately 6.80 x 10 grams (2.18 x
10~ ounces). Using the above, it may be shown that the
average amount of food present in a stream throughout a
year may vary from 45 to 177 pounds peracre. Reference
No. 13 indicates that a stream with an ave yearly
standing food crop of 45 pounds per acre can produce 500
pounds of trout (plus other species) per acreper year. This
means that when considering the average amount of food
re for maintenance, about 1.23 per cent per day of the
body weight of the fish (55 F. average temperature), plus
about 4.2 pounds of natural food for every pound of fish
produced gxhibit (), the stream and the immediate area
must provide a minimum of 3,200 pounds of food per acre
per year to produce 500 pounds of trout.

When normally clear streamsare required to carry silt,
the result is a lowered food production. (See Chapter 12,
“Silt and Turbidity.”)

Flood flows, or those flows above bank full capacity ofa
stream, may reduce the fooglegroduced in any year by
channel scour, deposition of bed load material or rechan-
nelization. The rate at which the water level in a stream
risesis an important factor in channel shaping and, hence,
floods of comparable magnitude but with different genera-
tion times do not produce the same stream effects. These
factors probably are most relevant to streams under flood

management.

Oxygen is not only a regnrement for the production of
food, but it affects both the feeding an%eglrowth rates of
salmonoid fish. If the oxygen level drops below 50 per cent
saturation, the food consumption, gain in weight and food
conversion ratio all drop (Exhibit Q). To obtain the maxi-
mum use of food, lowered oxygen level, coupled with higher

than normal stream temperatures, must be avoided in
stream management practices.

The temperature of the environment is an important
factor thataffectsfood digestion, growth, diseaseincidence,
agin% weight, size, swimming speed, energy requirements
and feeding and forafin rates. These effects are partially
shown by Exhibits A-l. addition, it can be shown that
the preferential temperature for salmonoid fish varies gen-
erally between 49 and 57 F. at 49 degrees latitude with
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feeding rates decreasing at 62 F. The energy requirements
and, hence, the food requirements, rise with temperature,
at least doubling between 50 and 68 F. (Exhibit A and
others). This is further substantiated by the oxygen de-
mands as shown on the exhibits. Atapproximately 48 F.
the same conditions of growth exist asat temperatures of 62
F. and they decline with falling temperatures. This is
further supported by Exhibit I, which shows the hours of
digestion timerequired foringested foods. Exhibit Hshows
that, in the case of nonfeeding adult salmon, higher than
normal temperatures canonly result in early exhaustion of
their total stored energy.

The potential production of food from varicus stream
reaches isshown in Exhibit J, which indicates that riffle
areas are the most productive. Exhibit M, which shows
the standing crop infour stream test sections in Convict
Creek (two parallel, repeated in series), indicates a

reasonable stability in total production when le are
measured as a straight line, although the w areas
varied by 18 per cent. The section with the greatest velocity

roduced the test weight of food per square foot. Inthe
gnal measuremt of any stream, the relationship of riffles
to poolsmust be established, as these sections respond dif-
ferently to varying flow regimes.

The velocitiesfor best food production are between 1 and
3 fpsand the depths between 0.4 and 1 foot. These
velocities and depths and a bed gravel size of 1.28 inches
(32.5 mm) create the best conditions for food production.

Exhibit P indicates many interrelationships of food or-
ganism cycles, stream flows, time of year, temperature and
condition factors. In salmon-producing streams, the maxi-
mum requirement for food occurs in the spring, the time

of maximum and condition recovery.
Gradient affects fish production. As the gradient ap-
mSe, there is little or no production.

fnroaches 500 feet per
sluggish streams (less than 0.5 feet per mile), the produc-
tion of food is reduced to about one-ninth that of large
streams of moderate gradient (5 to 15 feet per mile), e.g.
100+ pounds against 900+ pounds.

Stream channel shapesare the result of high flows that
have occurred over long periods of time, ting in scour
(particle movement) on the banks and bars and in the

el beds. The natural paving of stream channels
remains stable and scour does not occur at average flows.

Channels varyin shape from chutes with relatively steep
sides, giving a bed of shape, to channels that
are trapezoidal or eliptical in shape. (See Chapter 32,
“Channel Changes.”)

In a stream, energy created by slope is generally dissi-
ated by friction (waterand surface contact) on thebed and
gank and by internal friction. There is alsoloss of energy by
air and by water surface friction. Atlow flows there may be
a redistribution of the energy loss by chutes, riffles or
entering pools. The result of this energy balance gives
:ging relationships for reaches that contain runs, chutes,
iffles or falls. There is an overall river slope at average or
bank full flows. However, atlow flows, the overall slope is
nerally broken into shorter reaches with gradients
ifferent from the general slope of the stream.

As the effect of bed roushness varies in relation to the
wetted perimeter, the widths, depths and velocities will
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vary. (See Chapter 7, “Spawning Criteria.”)

Effective spawning and food production are both limited
to flowsbelow the annual average, and flow changesin this
ﬁfroductive range affects a stream’s capability to support fish

e.

Since thebeginning of the 20th century, the use of rivers
has accelerated, whici has altered the historical relation-
ships of mean to low flows and mean to high flows in many
streams. Diversion and storage are the principal causes of
these changed relationships.

To evaluate the effects of natural river flow variations
on stream flows, and thus on fish spawnin%and rearing,
with such variations havingbeen exacerbated by water uses,
it is useful to develop an approach that will define the
effects of flow variations on the width of a stream, the

averagedepth of the flow, and the average velocity ata cross
section. An apg::ach using power factors with multipliers
is suggested. ( Chapter 7, “Spawning Criteria.”)

Thepublished papers ofthe United States Geological Sur-
vey give historical flow records, but do not necessari'y
define the alteration of flows caused by water use. Lorng:
time records provide an excellent basis for determination
of average low flows, average flows, and ave high flows
and generally report measured or calculated maximum

flows and their time of occurrence and duration.

Slope data may be determined from various sources:
Federal records; land and road surveys of states, counties,
citiesandirrigation districts; railroad and industrial surveys
and various quandrangle mapsand aerial surveys. Data on
individual stream reaches may not be available and may
require field examination.
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A

Feeding Rate for Rainbow Trout of Various Sizes
at Various Temperatures

0 2 4 6 8 10 12 14 16
Povor bt booor oo bevrebevov oo beoaad
A =34in. fish
B=56in.fish  meat & meal diet
40 CFB A D C=10in. fish
4 CFB A D D = 34in. fish
42 CB A D E =56 in. fish all meat diet
43 CB A D F = 10in. fish
44 CB A D
45 CFB A D
46 CFB A D
47 CFB A D
48 CFB A D
49 C B A D
50 CB A D
51 C FB A D
52 C FB A D
53 CFB A D
. 54 CFB A D
o1 55 C FB A D
ol 56 C FB A D
2 5 C FB A D
£ 58 C FB A D
g 59 C F B A D
S 60 C FB A D
61 C FB A D
62 C FB A D
63 C FB A D
64 C FB A D
65 C F B A D
66 C F B A D
67 C FB AE D
68 C F B A D
69 C F B A D
70 C F'B A D
7 - C F B AE D
72 C F B A D
73 C F B A D
74 C " F'B A D
75 C F B A D
|
(')llllélIIIilllIéllllgll|l1|0|Ill1|2lI|lll4l ||1|6
Per Cent Body Weight to be Fed

N.B. Values from 61° to 75° F are extrapolated from the experimental data.
Energy values must account for changes intissue water content up to 20 per cent.

Prepared by Don M. Fagot - data from Reference no. 46
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B
Energy Requirements (in K Per Day)* Compared
With Oxygen Demands
gxrett’s
. . ygen
Trout Diet in Ponds Requirements
Temperature 5-6in.fish 10in. fish 8in. fish
Y] (0.08 1bs. (0.4 1bs.) (0.221bs.)
41 0.56 1.33 0.3
50 0.91 2.50 0.5
59 1.50 3.32 0.7 *K = 1000 calories
68 2.10 5.15 0.9 Prepared by Don M. Fagot
75 2.90 7.30 1.5 from Reference nos. 40 & 46
C
Food Conversions of Salmonids
Ratio, Weight Per cent
Fed to Weight Protein K per Ib.
Gained Type of Food (Wet Weight Food*
1.74:1 Abernathy test diet: 25 1070
16.32% salmon meal
15.63% dried skim milk
10.42% cottonseed meal
7.81% wheat germ
9.61% soybean oil
2.00% vitamin mix
38.21% water
2.7:1 Brine shrimp 11.8 336
2.9:1 50% meat and 50% meal 27.6 725
29:1 100% meat 18.3 415
4.9:1 Natural foods 11.5 280
6.05:1 Gammarus (amphipods) - -

K = 1000 calories

Prepared by Don M. Fagot from data supplied by Roger E. Burrows
(Reference no. 47)

D
Effect of Feeding of Live Minnows to Brook Trout
Average Temperature
48.2° F 55.4° F 62.6° F
Weight fed per day (grams) 5.02 6.95 5.57
Weight gain per day (grams) 1.42 1.92 1.44
Per cent weight gain per day 1.46 1.99 1.49
Per cent body weight fed per day 5.19 7.2 5.75
Conversion ratio 3.61 3.64 3.90

When temperatures reached 62.6° F, feeding decreased.
At temperatures above 69.8° F, the fish only ate 0.85 per cent body weight per day.

Average weight 96.7 grams.
Adapted from Reference no. 38
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E

Daily Feeding Rate of Brook Trout
(as Per Cent of Body Weight--All Meat Diet)

Temperature Length (Inches)

°F 1 2 3 4 5 6 7
42 6.2 3.1 21 1.6 1.3 1.0 0.9
4 10.0 £.0 33 2.5 2.0 1.7 1.4
46 13.7 6.8 46 3.4 2.7 2.3 19
48 174 8.7 5.8 4.3 3.5 2.9 25
50 21.1 10.5 7.0 5.2 4.2 3.5 3.0
52 24.8 12.4 8.3 6.2 5.0 41 3.5
54 28.5 14.2 9.5 7.1 5.7 4.8 41

Expected Daily Percentage Increase in Weight

Temperature Length (Inches)

°F 1 2 3 4 5 6 7

42 2.07 1.04 0.69 0.52 0.42 0.35 0.30
44 3.33 1.67 1.11 0.83 0.67 0.56 0.48
46 4.56 2.28 1.52 1.14 0.91 0.76 0.65
48 5.79 2.89 1.93 1.45 1.16 0.97 0.83
50 7.02 3.51 2.34 1.75 1.40 1.17 1.00
52 8.28 4.14 2.76 2.07 1.66 1.38 1.18
54 9.51 4.75 3.17 2.38 1.90 1.59 1.36

N.B. Values to Left and Below Lines are Extrapolated Figures.
Adapted from Reference No. 41
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F

Per Cent Weight Gain of Fall Chinook
Fingerlings During a 28-Day Period

Bureau of Sport Fish and Wildlife Salmon Cultural
Laboratory - Longview, Washington

'I‘Ye;txe;er- InitialWeight FinalWeight Per CentGain Gain

ature per per oz. per

& ] grams ounces grams  ounces month day day
50 1.38 0.049 ' 1.85 0.066 134 4.8 0.00060
55 1.38 0.049 231 0.0813 167 5.95 0.00115
60 1.38 0.049 2.62 0.0945 190 6.8 0.00162
65 1.38 0.049 2.46 0.0855 178 6.35 0.00130
50 5.78 0.204 9.12 0.322 58 2.06 0.00421
55 5.78 0.204 10.92 0.389 89 318 0.00675
60 5.78 0.204 12.08 0.426 109 390 . 0.00792
65 5.78 0.204 11.21 0.401 94 3.36 0.00703
50 8.85 0.311 12.92 0.451 46 1.64 0.0050
55 8.85 0.311 13.28 0.464 50 1.78 0.00546
60 8.85 0.311 15.40 0.549 74 2.64 0.00850
65 8.85 0.311 1480 0520 67 238 0.00746

Prepared by Don M. Fagot from data supplied by Roger E. Burrows
(Reference No. 47)
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G

Per Cent Length gain of Fall Chinook
Fingerlings During a 28-Day Period

Bureau of Sport Fish and Wildlife Salmon Cultural
Laboratory - Longview, Washington

Water
Temper- Initiallength FinalLength Per CentGain Gain
ature ) per per inches
P (mm) (in) (mm) (in) month day per day
50 49 1.93 54 2.13 11.05 0.3946 0.00714
55 49 1.93 58 2.28 11.80 0.4214 0.0125
60 49 1.93 61 2.40 12.42 0.4439 0.0167
65 49 1.93 59 2.32 12.00 0.4286 0.0139
50 79 311 92 3.62 11.60 0.4143 0.0182
55 79 3.11 98 3.86 12.45 0.4446 0.0268
60 79 311 101 398 12.80 0.4571 0.0315
65 79 311 99 3.90 12.54 0.4479 0.0282
T 50 91 3.56 103 4.06 11.30 0.4036 0.0172
55 91 358 104 4.09 11.40 0.4071 0.0182
60 91 3.58 110 4.33 12.10 0.4321 0.0268
65 91 3.58 108 4.25 11.85 0.4232 0.0240
Prepared by Don M. Fagot from data supplied by Roger E. Burrows (Reference no. 47)
H
Food Consumption at Various Temperatures and Sizes Comparison of Abernathy Soft Pellet With
(Using Abernathy Soft Pellet 27.5 Per Cent Protein) Two Other Types of Food .
Per Cent
Per Cent Drop in Food
Body Weight Feed Between Per Cent Per Cent Body
Tewaperature Per Dayin  Fingerlings Protein Weight Gain
PR Food Fed & Adults Type of Food (wet weight) Per Day
.0 -
40 8 Abernathy soft
45 3.8 - pellet 275 5.4
1.33inch
33 inches 50 4.8 - Dry pellet 40 4.5
to 55 6.1 -
2.00 inches Meat diet 18 7.4
60 7.6 -
40 0.8 62.5 Prepared by Don M. Fagot from data supplied by
5 1.0 62.0 Roger E. Burrows, (Reference no. 47)
Adults 50 1.5 68.0
55 1.9 68.0
60 24 68.5
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I

Flat current under 1.0 ft/sec
depth under 1.25 ft

Pool current under 1.0 ft/sec
depth 1.25 to 2.44 ft

Adapted from Reference no. 12

Digestion Time Required Increase in Metabolic Rage Caused
by Trout at Various Temperatures by Temperature Increase
Hours Required for Complete il t

Food Organism Digestion at Various Temp. (F°) Per Cent Loss Average Daily Temperature

(1/2 gram meal) 4953 4344 3536 3233 Per Day Fe
Helodrilus 0.9 7.94 46.3
(soft bodied)
(oligochaete) 12 18 25 - 1.1 11.3 52.3
Gammarus 1.3 14.6 58.3
(intermediate hard
ness){amphipod) 13 18 26 43

A psyche Adapted from Reference no. 44
(hard bodied)
. (caddisfly) 16 24 44 70
Adapted from Reference no 45
J
Per Cent Occurrence of Trout Food in Streams
Substrate
Organism Riffle Flat Pool Total
Trichoptera
(caddisfly) 26.96 10.85 12.68 50.49
Diptera
(true fly) 5.62 5.66 3.82 15.10
Ephemeroptera
(mayfly) 5.32 4.56 4.35 14.23
Coleoptera
(beetles) 482 2.11 6.26 13.19
Mollusca 1.37 0.87 3.11 5.35
Annelida
(worms) 1.68 0.05 0.09 1.82
Plecoptera
(stonefly) 0.26 0.02 0.02 0.30
Riffle current over 0.99 ft/sec
depth over 0.49 ft
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FOOD PRODUCING AREAS
L

Abundance and Volume of the Four Dominant Orders of Agquatic Insects by Months

Trichoptera

EPHEMEROPTERA

JY  AUS. g

See Reference No. 9

B volume
O Number
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M
Average Standing Crop of Bottom Organism (No./Ft:/Mo.)
i ict Creek Individual Average Total
Areas in Convict Weight of Organ-  Weight

' Organisms I II m IV Av. ism (Grams) Gr/Ft?

Trichoptera

(caddisfly) 74 87 i 70 77 0.0082 0.630

Coleoptera

(beetles) 55 74 45 59 58 0.0010 0.058

Ephemeroptera

(mayfly) 59 58 47 59 56 0.0029 0.162

Oligochaeta

(aquatic worm) 26 29 22 25 26 0.0126 0.328

Diptera

(true fly) 18 22 20 25 21 0.0016 0.034

Plecoptera

(stonefly) 5 8 5 8 7 0.0800 0.560

Misc.! 27 42 15 31 29 0.0026 0.075

Total 264 320 231 27 274 1.85

!Includes mollusks, flatworms, roundworms, water mites, egg masses.
Adapted from Reference no. 9

N

Percentage Occurrence of Major Groups of Organisms in 289 Trout Stomachs

Total ffe’li‘coetﬁ 1962 2
Organism Number Number June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Trichoptera 2974 25.8 434 244 112 92 152 211 363 437 222 259 114 557
Ephemeroptera 2914 25.3 211 147 163 114 58 136 293 354 435 479 406 328
Diptera 2783 242 1.7 321 417 390 397 282 278 113 273 145 213 22
Plecoptera 514 4.5 71 7.4 34 6.7 1.1 84 27 79 60 09 3.0 39
Terrestrial? 1940 16.9 129 193 234 281 339 221 00 00 00 91 205 33
Misc.? 380 3.3 38 2.1 4.0 5.6 43 65 39 17 09 1.7 32 21

'Includes Ants, Flies, Lepidopteran Larvae, Grasshoppers, and Leafhoppers.
?Includes Beetles, Oligochaetes, Mullusks, Roundworms and Water Mites.

See Reference no. 9
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Volume Per Stomach (c.q.)

Quantity and Type of Material Ingested by Trout.

FOOD PRODUCING AREAS

o

Mean Monthly Averages and Trends for

See Reference No. 9
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FOOD PRODUCING AREAS
P

Condition of the Trout (K) in Relation to Utilization and
Abundance of Bottom Organisms, Rate of Flow

and Stream Temperature.

1.0

Trout Stomachs - Aquatic Insects (c.c.)
o
4

\S

Standard Deviation

Water Temperature (° F)

A~

T
=
o

3.5

1962

June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May

| 1963

See Reference No. 9
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FOOD PRODUCING AREAS
Q
Oxygen and Growth of Young Coho Salmon

100 . . .
] Figure 1. Weight gains (or losses) in 19 to 28 days among
frequently fed age-class 0 coho, expressed as percentages of
80+ the initial weight of the fish, in relation to dissolved oxygen
5 concentration. The curve has been fitted to th;sgomts
& ol zelrresenﬁn results of tests performed in theyear 1856 only.
2 of the 1956 positive weight gain values are results of 21-
3 tests.
z 40+
s ™
I
3§
3 04
.20
-‘c 1
9
0.25-
Figure 2. Grams of food (beach hoppers) consumed by
frequently fed 0 coho salmon per day per gram of
% initial weight of the fish, in relation to dissolved
§ 0 concentration. The curve has been fitted to the points
g representing the 1956 data only.
5
Eg 0.154
. 'g:;: 0.101
T o
0.00 1 T ¥ T T 4 L)
2 3 4 5 6 1 8 9
Oxygen Concentration in
Milligrams Per Liter
0.30~ . - Figure 3. Food conversion ratios for frequently fed age-
hd class 0 coho salmon, or their weight gains in grams per gram
0.25- b . of food (beach hoppers) consumed, in relation to dissolved
oxygen concentration. A food conversion ratio of zero (not a
8. e & ve ratio having a negative value) has been assigned to each
% ) ¢ ® o o0 group of fish thatlost weight. The curve has been fitted to the
§ . points representing the 1956 data only.
é (-]
e @4 1956 Tests
OA 1955 Tests
00 Surviving Fish
AA Only or Mostly
T T T Dying Fish
Milligrams p:' I?i::m Saturation values at 20° C
2=22% 5 =56% 8 = 90%
3=33% 6 =68% 9 = 103%
Adapted from Reference no. 34 4 = 45% 7= 7%
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R

1600 Rearing Characteristic Curve of Typical Stream

1400

1200

Approximate Point of
Overbank Flow

1000

River Flow in c.f.s.

400

//

0% 20% 40% 60% 80% 100% 120%
Relative Usable Food Production Area, Per Cent

Washington State Department of Fisheries
Drawn: 12-18-67 by: J.K. Magee
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EFFECTS OF FISH PRESSURE

Undisturbed fish populations in confined areas normall
include a number of large, old individuals. When such i
populations are subjected to continued fishing pressure,
either commercial or sport, there is a tendency for these
numbers to be reduced. Ultimately, this may result in the
deposition of too few eggs to maintain the catch. This is
recognized by fishery managers, and frequently a maximum
size limit is imposed for protection of the brood stock.
Examples are regulations in the McKenzie River for rain-
bow trout and in the Columbia River for sturgeon.

The population of anadromous fish, particularly Pacific
salmon and steelhead, are affected by the fact that the bulk
of the ug:stream runs may be dominated by one or two age

ups for each species, which causes variance in the
ength of time thatreturningadultsare exposed toafishery.

There is no doubt that net mesh size exercises a selective
action on the size of the fish caught. In practice, mesh sizes
may be changed to permit escamment of smaller fish or to
limit the take of one species while permitting the take of
another. Itis alsoto be expected that thiswould have some
genetic effect if practiced over many cycles.

Mesh size also may affect the sex ratio of the salmon
escapementas male chinook salmon usually arelargerthan
the females and have a more pronounced head and jaw
structure, or “kipe,” which renders them more vulnerable.
Inahook and line fishery, hook size is utilized as one means
of controlling size of fish taken. As the fish approach
maturity, they undergoabody shape change, making them
more vulnerable to nets. This is particularly pronounced
in pink salmon.

Another phenomenon associated with fishing pressure
is in the timing of runs. A commercial fishing season that

concentrateson the early orlate segment ofa run may cause,
overa period of years, a shift of the run towards an earlier
or later period.

It has been noted repeatedly that the largest returns do
not necessarily result from the escapements. The es-
capement should be sufficient to make optimum use of
available natural spawning areas or to supply parent hatch-
eries with an ad te return of spawners. It appears
logical that when the fish must m!s:ate long distances, or
remain in fresh water for long periods of time, the escape-
ment must take into account the natural attrition or un-
natur&il hazards to which the fish are subjected and which
cause loss.

Injuries to fish by a netfishery are noted and may cause
mortalities by increasing the incidence of fungus, resulting
from the loss of protective slime or from abrasion.

1t hasbeen reported than an intensive fishery may result
in a minor delay to the movement of fish. Intensive hook
and line fisheries for trout usually result in the need of
artificial augmentation by planting. Such planting over
many years may cause genetic changes in the resident
species or the substitution of one species for another.

Regulation changes that allow for large escapement b
time period closures result in waves of fish :gsroaching
facilities, and this factor must be considered in the sizing
and operation of such facilities, as these waves may repre-
sent the bulk of the escapement and should be handled
without delay.

In mixed fisheries, extensive fishing for a single species

may result in an incidental catch of other desirable species,
causing those species to be overfished.
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WATER QUALITY

Many elements and chemical compounds in waste
products of industry and agriculture and from saritary
sewers create toxic conditions for fish. See Chapter 13,
“Toxicities of Elements and Compounds.”

Many of the normal criteria of water quality reflect
overall toxic conditions, and the accepted parameters of
these indicators may need reappraisal, particularly when
they %ecur simultaneously or when oxygen is at levels less
than 5 ppm.

The accepted minimum level for dissolved oxygen (DO)
has been stated to be 5 ppm. It has been demonstrated,
however, that for the most successful incubation of salmon
and trout the DO should be near saturation level. In
Reference No. 1, it is stated that adequate em-
bryonic development and fish activity can be limited by a
reduction of onl{:light]y below the saturation limit.
DO criteria should be based onconsiderationsotherthan
those of survival. For the cold-water biota, it is desirable
that DO cqnmnmops be at or near sattl:ratiogb 'lilns eli:
especially im in spawning areas where ev:
must not_bemow 7 ppm at any time. See Chapter 6,

pp.
m‘?mmgSpeeds of Adultand Juvenile Fish,” for oxygen

Thereis no optimum pH value for fish in general; how-
ever, in waters where good fish food exists, the pH usually
is found to be between 6.7 and 8.3. In Reference No. 22, it
is stated that the permissible .ange of pH for fish depends
on many factors such as temperature, di oxygen,
prioracclimatization, and the content of variousanions and
cations. The tolerance of fish to low concentrations of dis-
solved oxygen varies markedly with pH.

In Reference No. 3, itis stated that the toxicity of sodium
sulfide increases as the pH decreases and sulfide (S-) and
gidsulﬁde (HS) ions are converted into toxic hydrogen sul-

e.

The pH level also influences the toxicity of dissolved ma-
terials, as cyanide and ammonia, and metallic salts, as
copper sulfate, as these are less toxic in more alkaline
waters.

A pHreading of 7 denotes neutral, pH readings beloware
o;:i the acid side and pH readings above are on the alkaline
side.

In Reference No. 3, it is stated that many species of fish
can live in acid water, but it appears that under these
conditions the fish may grow more slowly and fail to attain
the same size as other individuals of the same species that
live in alkaline streams.

Species or races of fish that are adapted to alkaline waters
fail to do well and often die when transplanted to slightly

acid waters. The reason for this failure to adjust to a
different pH is not fully understood, but has been observed
by fish rists and investigators for many years.

Silt and turbidity are factors in water quality. See
Chapter 12, “Silt and Turbidity.”

Heat (or its absence) in water is considered thermal
pollution.

The introduction of Xhosphates and nitrates should be
discouraged unless under tightly controlled conditions, as
%oom of offensive may resultinthe reduction
or d odof n suppli orthecre;yﬁon of offensive
tastes an ors. Water supersaturated itrogen may
result in the death of fish. g’%r recommended see
Chapter 13, “Toxicities of Elements and Compounds.”

The hazards of oil spills are increasing. Pen rearing
iswealenﬁx:gl:nd willi‘gtensifythedmgeo& spill if the
facility is within the spill’s circulation pattern or spread.

Theclean-up of oil spillsiscomplexand behampered
Clean-up mponsilgial{w_is also di-

vided among cies and this result in te
regulations an‘seennforeement. Ti::yis mimpomr
in the control of spills.

The effects of aspillareinﬂueneedgthe density of the
fractions within the spill and the life of its toxicity. Local
requirements should be known in developing clean-u
?roeedures. Sensitive areas, such as fish spawning

eeding areas and water intakes, should be given particu-
lar attention. Local temperatures should be known and
charted. The pollution of beaches may extend over a long
period of time.

Acid rain has become a problem in the United States
and aninternational problem, agitaffects Canadian waters.

Emission of sulfur dioxide (SO,) and nitrogen oxides
(NO,) are transmitted through the atmosphere and react
in complex ways to form sulfuric acid and nitric acid.

In Northeast United States, estimates are that as much
acidic material is deposited from the atmosphere by dry
deposition as by wet deposition.

The total acitity of acid rain is approximately 70 percent
SO, and 30 percent NO, Utilities, industrial, commercial
and residential supply over 68 percent of the 70 percent
(SO,) with transportation making up the balance. Utili-
ties, industrial, commercial and residential supply almost
18 percent of the 30 percent (NO,) with transportation
supplying the balance.

See also Chapter 15, Plastics,” and Chapter 16, "Pesti-
cides and Herbicides," for use limitations.
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TEMPERATURE - Effects on Fish

Natural environmental temperature changes impose
stresses on fish populations. gvoer many years, various
species and subspecies have adjusted to ugper and lower
levels, within which are optimum mnﬁ t has been re-
corded in the literature that species of that encounter
wide ranges of environmental conditions in subregions
because of geographic factors adjust their optimum tem-

perature levels within their total range by adjusting to the
ave annual temperature of the subregion. ibits A
to J show ranges for fish common to the Pacific Coast
regions.

When natural or artificial phenomena cause shifts
away from optimum ranges, the populations are depressed.
Under natural cyclic conditions stressing is not usually re-
peated in successive years.

It has been found that adults of the cold-water species
may die unspawned if they are subjected to higher than
normal temperatures for long periods of time. This is
discussed in Chapter 7, “Spawning Criteria.” As fish are
cold-blooded animals, their metabolism rate rises with
temperature. Adultfish have been known to cease migrat-
ingwhen subjected to extreme temgeratures, approacﬁ:g
the upper limit shown on Exhibit B.

In 1941, sockeye salmon moved to cooler teng:larature
streams not normally used by sockeye, when the Columbia
River temperatures reached and exceeded 70 F.

Spawning cease if the temperature drops to a level
that is near o?la)Zlow the lower tolerance rang%

During the egg’s tender (the first half of the incu-
bation period), temperatures that are elevated c - lowered
from the upper or lower tolerance rangeresult inincreased
mortalities, and a sudden raising or lowering of tempera-
tures during this stage can cause excessive mortalities.

Growth of the young is also related to temperature
levels as discussed in Chapter 8, “Food Producing Areas.”
Generally, all cold-water fish cease growing at tempera-

above 68 F. because of the increased metabolic rate.
is is shown in Chapter 8, "Food Producing Areas.”

The warm-water species respond generally to the same
temperature pattern as the cold-water species, or in
accordance with the levels shown on Exhibits H, Iand J.

Beneficial effects may be realized by increasing tem-
peratures during normally cold mon and two years’

b, may be realized in one year by the use of this
method.

Disease organisms also respond to temperature, causing
excessive losses to fish life. Various diseases and their
triggering temperature rangesare discussed in Chapter 21,
“Fish Diseases - Types, Causesand Remedies.” Generally,
the triggering level is below or above the lower or upper
tolerance level.

It is known that fish suffer heat shock when brought
rapidly from lower to higher temperatures, and this phe-
nomenon can result in loss of equilibrium. Acclimation
time is important in the handling of fish asit affects their
equilibrium, swimming speed and metabolism. This is
shown on Exhibits K, L. and M. Before the lethal limit is
rNeaclzgg, thecondition of heat shock occurs. (See Reference

0. 47.

As temperature affects the gas equilibrium in water, a
nitrogln embolism can be caused and oxygen deficiencies
created.

Heat has a synergistic effectand must be considered
when measuring other stresses within the environment.

&mmmmtghspwds are altered by both temperature and
ﬁen, and the levels must be considered in the design of
ilities for handling, passing, diverting or holding fish.

Fish are capable of sensing & temperature differential of
less than .5 F. Nothing is recorded to indicate why fish
choose to enter areas of temperature higher than their
optimum levels or to show that they actively and immedi-
atelyavoid high temperatures. The evidence indicates that
they do not necessanly move away from high temperature
areas (and thisis parti true of warm-water fish) until
the temperature reaches their upper tolerance level. Ac-
climation and genetic adaptation may be factors in this
phenomenon.

Within their genetic tolerance, fish may reside in tem-
peratures both north and south of the shown optimum
range. In salmonoid areas, for every degree oflatitude there
mappronmatel%: onedegreeof changein the fish’s preferred
temperature. Thus, fish in the northern range would
function more efficiently at the cold end of their tolerance
range and fish in the southern range would function more
efficiently at the warm end of their tolerance range.

Other modifiers of sun-created land and water tempera-
ture changes are the area’s proximity to a large body of salt
or fresh water and the area’s altitude above sea level.

The following exhibits (A-J) were developed for latitudes
49-50 degrees.

ABBREVIATIONS USED
Symbol Meaning
A adults
ACC acclimated
AR all races
AV avoid
g - delayed
FA Chinook
IA inactive
Jd juveniles
LL ower lethal
LT lower threshold
M mortality
OPT optimum
gG preferred
poor growth
SP spring Chinook
SU summer Chinook
T toleration
UL upper lethal
uT upper tolerance
Combine terms as follows:
P-F preferred for fry
A-M adult mortality
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TEMPERATURE - Effects on Fish

A
Commercial Species - Optimum Range
Temperature ° F

20 30 40 30 60 70 80 90 100
32 52 58 78
Chum ® —— o
P UL
32 77
Chinook ® 42—-—-—58 @
LL P UL 1
=
Coho/ 32 38 53 58 69 78 =
Silver L4 N S—— — ® %
]
32 42 58 78 2
Pink o ——— e— P
OPT UL
32 52 58 76
Sockeye ® Sms——— @
P UL
Z
o)
41 60 65 75 Z
Shad *F* in
P >
A 2
ol w— P~ O
Smelt 39T43_5l— 55 Z
——e I e O
J S
w

B
Commercizal Species - Migration Range
Temperature ° F

20 30 40 50 60 70 80 Xy 100
- J ]
44 \vesmen summmtn 56
Chum OPT = A 70
47 D
38 SP 56 | 67
Chinook 5ITFA—
S S =i 52

49 St575 | 4
Coho/ 5 A e 60 70 %
Silver D >
45 J 62 5
%

; 70

Pink 45 60 ® D

Sockeye 45 60 ']7)0
Z
9 54 S
Shad 4] p———— s— 62 »m
OPT t::
| 3
Smelt NO DATA z
I S
7
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TEMPERATURE - Effects on Fish

C
Commercial Species - General Spawning Range
Temperature ° F

20 30 40 50 60 70 80 90 100
Chum 45 J—55
42 P 51

Chinook ® 32 EEEE——
T LT UT @
>
P =

Coho/

Silver 40— 49 %
5
. P ®

Pink 45 wemmp——55

P
Sockeye 5] w—m54

4
S
d 60 70 tn
Sha . ﬂ ;
P 3
Smelt 45wm47 g
=
w

D
Commercial Species - Hatching Range
Temperature ° F

20 30 40 50 60 70 80 90 100
I
Chum ® 33 40*56 5.8
T IfT UT
i ,
Chinook 033 |4 “8
T Lr UT @
: :
COho/ 4%
Silver LT %6 %
1 S
A %
Pink ® 33 RE——— 50
T ]_{r
|
Sockeye 033 4—_—0 D s 5‘8
T LT OPT (T
Z
62 %
Shad 58 suer s— 6 o
OPT E
Smelt f %
OPT o
=
/2]
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TEMPERATURE - Effects on Fish

E
Sportfish - Optimum Range

Temperature ° F

20 40 50 60 70 80 90 100
Striped Bass ?L
Smallmouth Bass 50 P 85 &
‘IA 68 T 7 ® UL =
th B 41 52 OPT{ P 91 98| <
Largemou ass ) LL ® ACC 7|1 _‘IT—‘% ®ACC AC’C §
. 36 p | 94 | =<
Bluegill Sunfish LL® 60 80 oL g
Channel Catfish PG4 70 o
Whitefish 54 3 62
. 32 OPT 71 85
Rainbow Trout oLL 54—57 66 |@ AV 'UL
50 60 7 w
Kokanee P;P M ® ULF %
32 o) i .
Brook Trout o 47 emuiem 52 UL® ;
50[0PT 75 ~
36 OPT 75 84
Brown Trout LL ® 39 7 e UL .UL-F
Cutthroat ® ﬁ 49%'55 * 17.?L
F
Sportfish - Spawning Range
Temperature ° F
20 40 50 60 70 80 90 100
Striped Bass Do 601S gyt e 75
Smallmouth Bass 70 -_P_ﬁgo %
H Z
Largemouth Bass 60 l:’61 ;
>
. 74 <
Bluegill Sunfish 68 80
I OPT f S
Channel Catfish 70 pror 85
Whitefish 35-—#—-—-?9
. 49.5
Rainbow Trout S ——
nbow Trou 36 T 68
Kokanee 4] 55 %
Brook Trout 38 nep— 45 §
-
Steelhead Trout 39 ii9 ré’
Brown Trout ?}, 50+OPT &80
Cutthroat 435‘?9?63
Grayling A_{ 50
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TEMPERATURE - Effects on Fish

G
Sportfish - Hatching Range

Temperature ° F

20 30 40 50 60 70 80 100
Striped Bass @64
Smallmouth Bass 60— 7 S
4
Largemouth Bass 65 e—7 ;
>
Bluegill Sunfish 73 ;
jwl
Channel Catfish 66 70
Whitefish 34 s g o 49
Rainbow Trout ﬁ. 0351,1, &8.
Kokanee 32 ——38 OFT46 55 %
Brook Trout i%#%i :;
Steelhead Trout ’ EO ESJ
P 2
Brown Trout %Hw ggo
Cutthroat 40 3 55
H
Miscellaneous Species - Optimum Range
Temperature ° F
20 30 40 50 60 70 80 100
38 81 96 98 1102
C L 60 (2K
arp IA OPT UL|{UL-F
34 62_—[ 8
Yellow Perch L 54 P 70 UL'
. 88e
Pumpkinseed Sunfish UL
Brown Bullhead %51?
White Crappie %61?
Perch 77e
UL
68 85
Squawfish 6|1_ r76 UL.
P
Sucker 53# 71 %GL.
95 ¢
Black Bullhead UL-ACC
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TEMPERAT . «E - Effects on Fish

I
Miscellaneous Species - Spawning Range

Temperature ° F

20 30 40 50 60 70 80 100
Carp 59 —65-67
Yellow Perch 45 e — O
. 68
Pumpkinseed Sunfish ®
Brown Bullhead . T70
705
Golden Shiner 60 p——— — 5
Green Sunfish 75 Gui-
Walleye 38 umesmms— 50
Sauger 39 wmm 43
Lake Trout 48 * 57
J
Miscellaneous Species - Hatching Range
Temperature ° F
20 30 40 50 60 70 80 100
C 68 71—77
arp OPT
Pumpkinseed Sunfish o8l
. P
Brown Bullhead 69 smmmm—7 7
Golden Shiner . ®70
Squawfish 065
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TEMPERATURE - Effects on Fish
K L
Energy Requirements (in k Per Day*) Digestion Time Required by Trout
Compared With Oxygen Demands at Various Temperatures
Brett’'s Oxygen . . . .
iof : Food Organism Hours Required for Complete Digestion
Trout Diet in Ponds Requirement (1/2 gram meal) at Various Temperatures (° F)

Tempera- 56 InchFish 10Inch Fish 8Inch Fish 49-53 43-44 35-36 32-33
ture (° F) (0.08 1bs) (0.4 1bs) (0.22 1bs)

Helodrilus
41 0.56 1.33 0.3 (soft bodied)

(oligochaete) 12 18 25 -
50 0.91 2.50 0.5

Gammarus
59 1.50 3.32 0.7 (intermediate

hardness)
68 2.10 5.15 09 (amphipod) 13 18 26 43
75 2.90 7.30 1.5 Archtopsyche

(hard bodied)
*K = 1000 calories (caddisfly) 16 24 44 70

Prepared by Don M. Fagot from References no. 44 and 46

Cruising Speed Ft/Sec

1.25

2

0.75

0.50

&

M
Maximum Sustained Cruising Speed of
Socke¥‘eeand Coho Underyearlings

Adapted from Reference no. 45

Increase in Metabolic Rate Caused

by Temperature Increase
Fingerlings under Starvation Conditions
Average Daily Temperature

Per Cent Loss
Per Day °C °F
0.9 7.94 46.3
1.1 11.3 52.3
1.3 146 58.3

Adapted from Reference no. 13

In Relation to Temperature
from Brett, 1958
Acclimation Temperature Fahrenheit
41 50 59 68 77
| | J ¥ v
-1 35
g
430 »
N
=
: 425 O
. <
: 8
N R
£ &
. R For 1F. change approximately .026 fps
HH 2 is lost from the maximum point.
Leth Ilj.llt.imate Utpper i : 1°° The point of maximum efficiency shifts
cthal Temperatures 11 15 throughout the fish’s temperature
il range, based on adjustment for latitude
Y 1 1 e A of residence.
5 10 15 20 25

Acclimation Temperature Centigrade
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