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FOREWORD 

.- ...... 

This handbook is for use by engineers-and biologists employed in 

design problems on fish faciliti~s :and in the operation of existing 

facilities. . '-

When examining criteria for these works it must be recognized that 

there are local requirements _that may dictate approaches and limits. It. 

further must be recognized that individual states and agencies of the Fed-

eral government have adopted standards that may be in variance with each 

other • 

. It is not the purpose of this handbook to dictate policy, nor can 

the user assume that the criteria set forth are acceptable at any speci-

fic-location. The handbook does set forth limits that may'be used in de-

sign for esti~ting facility size's, water requirements, general costs and 

operating procedures. Where costs are shown it must. be recognized that 

various state and federal agencies are required by law to observe salary 

levels and working conditions which, in turn, may dictate plant sizes and 

capital costs· and operational procedures and costs. The user of this 

handbook also must recognize that other agencies (state and federal), such 

as pollution control authorities and water use granting authorities, en-

force regulations that may dictate, exparid 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 50 years old, it must follow that criteria set forth in this 

book may be substan~ially a'!tered by findings in current research projects. 

In many cases, basic biological factors are not fully understood, making 



,-- . 

-··-:. 

2 

the criteria empirical-in nature and subject to the necessary treatment 

of all such data. 

The ·criteria chosen for th1.s handbook are the result of .. examinations 

of both published and unpublished works of various agencies and indivi~ 

duals and thus may ·be in variance. Iri 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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Conversion factors - Terminology and equivalents - Definitions -
Miscellaneous information - Miscellaneous definitions - Cubic foot 
diagram - Basic formulas - Some pipe and circle areas - Beaufort 
scale of wind vel~city - Relative humidity tables - Weight of dyna
mite charge (~0% or 60%) vs. distance from charge within lethal 
range - Nomograph showing the solubility of oxygen in water - Nomo
gram for determining n2 (with A2) at ats. pressure and different 
ten-~eratures - Nomogram for determining 02 saturation at different 
temperatures and altitudes. 

Definitions of Common Terms in Use 2 

A number.of biological terms arP. defined • 

Legal 3 

State, federal officers, commissions empowered to carry out 
intent of an act - General statutes cover habitat protection -
lUgrating fish protected by fishways and screening of intakes -
Habitat protected 'bylimiting pollution- Laws pertaining to flows 
in river channels - Coordination of individual sta~es and federal 
government - References to early legal action. 

Game and Resident Species 4 

Common.and scientific names and sketches of fishes common to 
the Pacific Coast. 

-- Useful Factors in Life History of Most Common Species 5 

-
Occurrence and spawning characteristics of salmonoid and related 

species - Method f~r deter~ining brood year - Detailed tables follow. 

Swimming Speeds of Adult and Juvenile Fish 6 

Importance of cruising, sustained & darting swimming speeds 
to fish facility structures - Amount of energy loss in transfer 
of muscular energy to propuls-ion - Forces workinz against fish 
movement - Effects of exhaustive exercise - Ratio of sustained 



.ii 
Chapter 

speed to -darting speed and cru~s~ng speed to darting speed 
At'traction velocities at c;:~bstructions and fishways .:. Effects of 
velocity gradients - He~hod of Determining the time fish can 
maintain yarious speeds - Velocities to be used in designing 
ups'tream facilities- Pulsing-velocities and turbulence effects -
Pollution effects. 

Spawning Criteria 7 

Oxygen requirements - Stream flow, velocity and depth (diagrams 
shown) - Size and shape of redds' (including a sketch) - Water 
quality-- Temperature - Ene~gy·requirements. 

Food Producing Areas & the:izo Requirements 8 

Assessing food potential for fish production - Important 
physical and biological paramet_e;-~- !il~~ ... affect food prod\l,ct~c;)..n..,~ .. 
Problems·. associated with_ using. ·st~A(,!j:hg food crops as an ind.N:ater · 
of an area's potential - Evaluation of food potential of an area -
f.iathematical model for estimating stream width, depth and velocities 
with respect to average annual flow - Shapes of stream beds - Energy 
control in streams - Amoupt of food, space, and quality of water 
required for growth • Oxygen levels and ~emperature effects - Age 
and quality of lakes. 

Effects .of Fishing Pressure 9 

Undisturbed· fish populations in confined areas reduced when 
subjected to continued fishing pressure - Frequently mq.ximum size 
limit imposed - Net mesh size exercises selective action on size of 
fish caught "" Mesh size may also affect· sex ratio of salmon escape
ment - Timing of runs - Escapement must take into account natural 
attrition or unna~ural hazards to which fish are subjected - Inten-

.sive fishery may result in minor delay to movement of fish:... 
Plantings over many years may cause genetic changes - Regulation 
changes that allow· for large escapement by time period closures 
result in waves of fish approaching fish facilities. 

Water Quality, 10 

Dissolved oxygen criteria- pP. value -pH influence"on to~icity 
·of dissolved materials - Fish in acid vs. alkaline waters Controlled 
use of phosphates and nitrates. 
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Temperature - Effects on Fish 11 

Effect on· mortality - Relation·. of grow-th to temperature levels -
Cause of diseases -Swimming speeds.affected- Tables and charts 
follow. 

Silt and-Turbidity 12 

Types of sediment Turbidity vs. water color - Methods of 
measuring turbidity - Sedimentation rates and characteristics -
Effect of sedimentation on spawning- Silt and turbidity causes-
Composition of:silt and effect on spawning - Gill irritation caused 
by turbid water- Some species suffer more·distress than others 
Adverse effects in hatchery operation - Summary of tables. 

· · Toxicities of Elements and Compounds 13 

. Limi ts"~"t~1:~!1daJ:'.d and goal) in . ~~~:~~~afid;c ~.aft water for many 
common metals-are given- Effects on fish life are repo~ted for 

· many of the elements and compounds·.: _ 

~etals 14 

Trace amounts of-metals in natural waters- Adverse.effects of 
effluents from industrial-plants -:Synergistic effects of :two or 
more metal elements - Types of piping in hatcheries and aquaria 
Cheek water quali~y before introduction of new strains of_ fish. 

Plastics- 15 
' . -

Importance of properties - Toxic qualities - Toxicity studies.-

Pesticides.and .Herbicides 16 

. r-1ust be judiciously applied - Some pesticides have been dis
carded because of inherent danger·- Many solvents; diluents and 
other· carriers used with pe-sticides also have toxic properties -

_An important-factor to be considered is the· biological magnification 
·In making judgment-necessary to_measure toxicity of a compound in a 
·specific· envir6n~en't; - Insufficient data available on to~ici ty, both 
short term and·cumulative~of more than a faw_common pesticides or 
their degradation-products - Esta~lishment of tolerable concentrations 
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of pes~icides ·for fish requi~es consideration :of. food :.ch~:lin accumu
,'.lation - Chlorinated hydrocarbons more toxic· to fish - Organic. 
phosphates. are g·ene:rally' but not always , less :toxic to. fish. 

,, ' • • l I 

· · • Herbicides, in general~ a:z.e less toxic to fish than insecticides -
.·Inorganic herbicides are being replaced in many areas by .some or more .. 

··. ,. effective proprietary organic produC;.ts· - Various aromatic solvents. 
· · also used - Of particular .major concern. in any ·.cqnsideration of effects 

. of pesticides on aquatic biota are cond,i tions that may prevail in . . 
river est~aries. . 

.Fish Toxicants 17 

. Competent. techrd,cians should. be employed to ·apply toxic~nts 
Rotenone· most widely used ·and· accep.ta..l:lle - .Reasonable care ·should 
be used in. handling and·. applying rotenone - 'Di.scussion of stability 

( 

.of different forms of this toxicant - Formulas given for determining.· 
amount of rotenone needed ·in body of water - Factors affecting · · 
rotenone concentration -·conversion ctable when rotenone content. . 
varies be~ee~ 5 a.na··lo% - An-d.mycinA·. (Fint:rol) powerful, actiot( 
irreversible- Tox!c effect:of Antimycin. A occurs more 'slowly.than 
that of rotenone - Combination of ·Antimycin A. and rotenone .more toxic.. ·( 
than either of t}lese·toxicants alone- Possible disadvantage~ to· 
use of Antimycin A ... Use of chlorinated hydrocarbon compounds, 
organophosphates and selective :toxins discussed. 

Avoidance '18 
' . 

Effect.of str~am·velocities- Temperature ·eff~cts.- Pressure 
changes; l.ight intensity changes,. sudden noise or movement :- Non ... 
recogn~tion of contaminants- Avoidance'of electric shock -:.Low 
oxygen levels and supersaturated nitrogen - Reaction to .chemicals -

: : Avoidance of odors. 

Hat.che~ies '19 
. . 

. Need filled by· hatcheries - Fish species ,propagated "" Temperature · 
criteria."':' .Catch-escapement ratio for hatch~rie:;- Water quality.and 
supply ..; . .silt problem • Screening of intakes -.;wat.er recirculation 
and replacement :.... Control of egg iosses :... Alg9-e contro,l ·- Tox~c effect 
of paints and coat.ings · ..; Pond .planning and de·sign ~ Hatchery require-· ·. 
ments and· desigjl .~ Food storage location - Wast~ disp.osa+. system - . 
Related,buildings- Lighting~ Hatchery.eo~ts:.;. F_ish marking.techniques
S~ggest:ed planting. rates for nat:~al: .and · reha.bili tated .lakes. 
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Rearing Ponds 

· Pond construction features - Pond loading criteria -
Various pond types - ~emperature effects - Effluent - ?ond 
limiting factors.- Oxygen consumption and fish density 
conver~ion factors - Conversion factors for ppm/lb/gpm to 

mg/kg/nr·' to oz/l.b/hr. 

Fish Diseases - Types, Ca~ses, and Remedies 

Chapter 

20 

21 

~ Most .. disease organisms tre'atable and 'controll~ble - Fish diseases 
divided into several categories - Categories generally may be con
sidered as nutritional or organic, bacterial, virus, external parasites, 
internal parasites' and fungi - l1ore common ones are listed and . 
described here. 

See Index - Fish Diseases at beginning of the chapter. 

Use of Anaesthetics and Tranquilizer Drugs in Fisheries Work 22 

.various compounds are covered - Effects of water temperature, 
water quality' and sizes of fish- Water .solubility- Importance of 
listed range of concentration for var~ety of fish - Preferred use -
.Check for possible side effects - Time required for anaesthesia and 
recovery - Effect on humans i~ contact with drugs. 

Fish Ptmlps . 23 

"Bladeless" pump .- Propeller pumps for water and fish passage -
Avoidance· of injector~type and vacuum-type pumps. 

---- ----· .-· _.Downstream Migrants, ·Movement of 24 

Time of downstreqm migration ··- Factors influencing the down
stream migration of salmon and steelhead. - Higration path of 
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downstream migrants - Migration rate of downstream migrants - Diel 
fluctuation in downstream migration - Mortality of downstream migrants -
Residualism - Estuary rearing areas. · 

Passage of fish Through Turbines, Spillways and Conduits 25 

Descent of fish .from one level in a river to another - Summaries . 
of success, of ,passage through turbines and spillways have been pub
lished in two previous compendia ( refer_ences nos. 1 and 2) - Pressures 
up to 2,000· feet of head have been experimented with - Shock waves 
that produce negative pressures should be avoided - Cavitation to be 
minimized or eliminated - Large clearances should be provided in vanes 
of runners of turbines and pumps • and between runners and wicket gates -
Temperature of .water important - Francis and Kaplan runners should be 
considered separately. · · · 

Artificial Guidance of Fish 26 

Natural ·guidance factors may be used in artificial guidance -
Effects of light - Temperature gradients - Electric screens as 
barrier - BUbble screens not effective ~ Pressure change_ -· Depth 
consideration ·~ Velocity effect - Use of iouyer screens - Effective~ 
ness of wire screens - Precautions for ··screening devices - Method 
of computing mesh-size.- Approach velocity factor- Discussion of 
accompanying exhibits - Need of screen bypasses. 

Artificial Spawni~g Channels 27 

Used as ·al te~ates to hatcheries - Two .general types : upwelling 
and stream - Temperature 1 oxygen and po-llution affect artificial 
spawning channels -Normally permit greater percolation rate· and 
higher survival of eggs to fry - General design criteria for channels 
given - Diagrams, charts and exhibit_s included. 

Predation 28 

Occurrence in same species due to size difference - Menace of 
squawfish and suggested control - Effect of turbidity - effect of 
bypasses - M_enace of fish-eating birds and aquatic mammals -
Suggested method for controlling predator populations. 
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Recovery Gear 29 

Fyke nets, description and use - Effectiveness of gill nets -
Beach seine value - Traps and pound nets - Plankton nets - Weirs -
Underwater photography - Fish wheels - Electric fish collectors -
Exhibits at end of chapter. 

Transpoi"'tation -:- Hechanical Hauling of Fish 30 

Necessary amount of space and-water - Recommended temperature -
Tank type~ and fish handling - Aeration methods - Tank truck costs 
and-cost of. operation- Control of toxic .metabolic products __ Aerial 
planting of tro~t Pumps and air compressors for aeration - Barging 
in transportation - Tables and photograph. 

Culverts 31 

· - · .. Flow· coefficients-: ... Culvert size and setting ~ Pr~ssure head 
and v;locity - Gradient i:nd bed--roughness - Hinimwri flow passage 
levels and swimming depths. 

Channel Changes 32 

.. Principal methods used ~ Effect of increased velocities - Suit
able flows for salmonoid production - Chezy's formula for measurement 
of changes - Application of this formula to Washington streams -
Wetted perimeter effect on velocity - Pools and riffles affect 
velocities in chute section·s - Importance of gravel size - Hethods 
of lessening"'velocity head. in a pool - Importance of bed stability. 

Locks and l1echanical Handling 33 

Surface and pressure locks - Round vs. rectangular locks -
Removal of fish from lock chamber - Types of approach - Success in 
use of locks vs. use of hauling tanks - Factors in design of a lock -
Rules for hauling tanks - Exhibits at end of chapter. 
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~ Fishway Structures at Dams and Natural Obstructions : 34 
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.:. ., Fishway head differences - Structure. size criteria - Basis 

of choice for fishway patterns - Limited application for Denil 
fishway types - rabulated fishway design data with reference to 
related exhibits - Special considerations for site conditions and 
individual species of fish - Orifice depths and size of openings -
Fish jumping causes and. prevention - Discussion of weir and orifice 
type fishways - Methods .of trapping fish - Times of fish movement -
Position of fishway entrances and light effects -.Effect of spill-
way flow - Relation of submerged or surface type jump to fishway 
entrances - Collection ·systems at powerhouses - Methods of attracting . 
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.Deoxygenation coefficient - Reaeration coefficient - Pond reaera~ 
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English to Metric and Metric to English 

English tini:·- ~ultl:lier - l'!etric t:nit ·- MultiplJ.er - English ~·nit 

inches 
1nc:ho=s 
feet 
:~~iles 

sqwu:·.e incnes 
square feet 
acres 
Jqu.ara'miles 

cubic iachas 
. cubic icches 
cubic feet 
cllbic yards 
gallons 

· acrll!-f eec 
thousands of 

acrll!-feet 
llillions of 

ACTe-feei:: 

cubic Ceec/second 
pllons/miaute 
galloas/llinuce 
gallons/lllinute 
million gallons/ 

day 

pounds 
ounces· 
grains 

feu/second 

horsepover 
British thermal 

UD.it 

pounds/square iach 
feet head of vater 
pounds/squ.re inch 

gallons /miauce/ 
foot dravdovn 

pares/million 
grain/gallon 

• 'Fahrenheit 

25.4. 
~.54 

0.3048 
l. 6093 

645.16 
;:; .c;z9· 

Cl.~•14i' 

l.390 

0.::3164 
16.387 
0.0283 
o. 7646 
3.7854 

1%33.5 

1.2335 

1.233.5 

0.0283 
o. 0631 
3. 78.54-

6.309xl0-j 

• .:1438 

0.4536 
28.3495' 
0.0648 

0.3048 

·Lengel:! 

lllillineters 
centil'!ltters 
IDI!ters 
kiloi'M!ters 

Area 

square lllillimeters 
square lleters 
hectaru 
aqu.are kilomaters 

Vol1.1111e 

liters 
cubic ce"timeters . 
cubic mer.ers 
cubic ceten 
liters 
cUbic •c:ers 

cubic hectometers 

Flov 

cubic: meters/second 
liters/second 
li.ters/llliaute 
c:ub1c: meee~s/secoad 

Mua (Weight) , 

k1losrau 
grau 
grams 

Velocity 

~~~ec:ers/aecond· 

Power 

0.746 kilowatts 

2.93xl0-4 kilowatt hour 

6.8948 
2.989 

51.7112 

12.419 

1.0 
17,.14:33 

Pressur~t 

kilopascals 
Ulopascab 
llilli~~~aters llg 

Specific Capacity 

liten/ainute/ 
•ter dravclcvn 

Conc:enerat1on PPM 

milligrams/liter 
111ill1gra111S {liter 

Temperature 

("F-32)/1.8 •celsius 

O~heT Equivalents 
7000 grain~ • l.pound 
l'grain/gallon • 17.12 parts/~1llion 

. 0.0394 
O.J937 
3.2808 
0.6214 

0.00155 
10.7643 

2.4710 
0.3861 

61.02 
0.0610 

35.3357 
o. 3079 
0.2642 
0.0008 

0.8107 

0.8107 

35.33.57 ' 
15.8.5 
0.2642 

1.5850.372 

22.8lll 

2.2046 
0.0353 

1.5.432 

3.2808 

1.3405 

3412~0 

0.14.50 
0. 3346 
0.0193 

0.0805 

1.0 
0.0584 

c•c x 1.8)+32 

l !1t'ain/11.al'lon • 142.9 lbs /mill1on ~tnllons 
l pound/:1llton aallons • O.ll99 p&r~sia!lllvn 
l ;:o.trt/"' Ul<>n • 0.05114 ~rains/~.tll.:>n 
l p!\rt '•,1lliun • 8 •. 34 poun<ls 1 million ~.aJ.lon!l 
l ~llll"n • :11 cubic. lnch<!\s 
1 c~bi~ (not • 7.~8 gallons 
l cubi~ ion~ ~~ ~at£r • 62.4 pound~· 
l ;al.:;..:~ r:! •:o•tcr • 8. )4 :>O•Itlc~ 
1 eubte :oc~ '.<e.::vr.ci • 646,,3~0 ~allons/::1. lar• 14L'' S·P·"'· l 
J million F.aJlon:J:l:: ~.'!'3 .. 1.5-!.7 c,:,b1c fef'th,ccond 
llll.ilh~r. ,·..11>::·· ;~ hrs • !I;' zallc,,.,'o;,.,ur<' 

inches 
inches 
feet 
lllile!l 

11quare inches 
square ( et:.t 
acres 
square 1111les 

cubic inch11s 
cubic inches 
cubic fet:t 
cubic yards 
gallons 
acre-feet 
thou.sands of 

acre-feet 
llill1ons of 

acr.-feet 

cubic feet/second 
sallons /lli.aute 
IJallons/day 
gallons/lllinuee 
.111i.ll1on gallons/ 

clay 

pounds 
ounces 
grains 

teet/second 

horsepower 
British th.,r:al 

tmit 

pouada/square 1ach 
feet head of vater 
pounda/square inch 

pllons/minut!!.' 
foot dravdovn 

paru/lllillion 
grain/gallon 
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TERMINOLOGY AND EQUIVALENTS 

. Lega~. measurement of water ... one cubic fo()t per second (cfs, second 
feet or cusecs) or ~~action of cfs. 

. . . 

. . · Gne second foot = 7. 48 U.S. gallons per second 
= 448.8 U.S. gallons per minute 
a 646J317 u.s. 'gallons ·per day 

~One second foot for a day a 86,400 cubic feet or 1.983 acre feet 
-~ . 
! One :acre foot is- a surface acre covered one foot in depth 

Runoff from watersheds is measured in acre feet or in inches per 
square mile 

Acre .. 43~560 sq. ft. 

Square mile • 640 acres 

Power: 

hp ... 5'5o foot pounds per second - 33,000 foot pounds per minute 

1 K.W • .., 1.3405 hp 

1 KWH "" 3412 BTU 

1 hp "" 746 watts 

Atmospheric pressure at sea level is 14.697-lbs. per sq •. iri .... 33.901 
feet of fresh water depth 

Slope in channels is measured by fall per unit of length, as feet per 
mile 

Velocity is measured in feet p~r second ... 1.4667 feet per second = 1 
mile per hour 

F .. (M)(g) 

w M•-
g· 

Force ... Mass X gravity 

Mass • Weight . 
. . . gravity 

0 . 0 
Maximum density of water is at 39.3 F. or about 4 C. 

Fresh water pressure equals .4j344 lbs. per·sq. ·in. per ft. of depth 

Water weighs 62.424 lbs/cu. ft. at maximum density 

Water weighs 62.416 lbs/cu. ft. 
' . 0 

at 32 F. 

Water weighs 62.419 lbs/cu. ft. at 45° F. 

Water weighs 62.390 lbs/cu. ft. at ·55° F. 

t 

l 

.t 

I 
I 

L 
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DEFINITIONS 

Q Discharge in cubic feet per second (c.f.s. or second feet) 
or any of the other units expressing volumes per unit of time 
defined in previous sections. 

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.) 

H 

h 

c 

R 

Head in feet acting a weir, at a dam, or 
v2 

on over an orifice - 2-

Head in feet acting an orifice, and also velocity 
v2 g 

on head Zg 

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

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. 

or 

S Gradient or slope of open channel expressed as drop in feet divided 
by the length of the·channel in feet over which the drop takes place, 
(assuming total energy gradient, slope of water surface, and grade of 
channel are the same }. 

n Coefficient of roughness Used in the Manning formula for open chan
nels or pipes. 

L Length of weir crest in feet or length of a channel. 

M Mass 

W Weight 

F Force 
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MISCELL..A...:. ~:c S INFORMATION 

Uses of dams: 

Power ~ for head 

Storage for all wat~r uses 

~· Diversion - for water uses 

Flood control - completely emptied 

Sediment control 

Navigation - for depth and velocity control 

Multipurpose - can be utilized for many water uses 

Dam nomenclature: 

Overflow section or spillway 

Non-overflow section 

Crest - top. 

Gravity - method of ~ecurity 

Arch - method of security . 

· Gravity arch - method of security 

Rock fill - gravity types 

Dirt fill - gravity types 

Training walls - means of directing flow 

Head - usually in feet and defined as useful 
difference in elevation for T.W. to H.W. 

I 

! 

I 
j 
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I 
I 
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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 above sea level 

Power House: 

Tail race - below the units 

Draft tube - conduit from a turbine 

Penstock - intake to a turbine 

Turbine - a water wheel to obtain power 

Generator ~ electrical unit to generate power 

Deck - walking or work surface 

Outlet works - in tail race 

Outlet towers - means of water control to inlet 

Trash rack - a protective structure 

Spillway·: 

Gated - use of a gate for control of spill or HW 

Weir - no control 

Apron - to prevent scour below a spillway 

O.G. (ogee or ogive) - shape of spillway 

Ski jump - shape of spillway 

Tainter or radial gates--segments of circles 

Drum gates-- circular 

Needle bars or logs--vertical 

Stop logs--horizontal 

--. 
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The above represents a cubic foot of water moving at a speed ot velocity 

of 1 foot per second. 

It is called: 

1. second-foot 

2. cubic foot per second 

3. c.f.s. 

It is the legal measurement of water. 

It 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 minute 

646,317 gallons per day 
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BASIC FORMULAS 

Q = AV 

v = l2ih h :: y2 

2g 

p = Wh h 
p 

=-w 

v ciRS where R 
A = =-p 

Q = 3.33 LH3/2 

I 



SOME PIPE AND CIRCLE AREAS 
For Use in Hydraulics 

STD. WT. 

Nom. ID ID 
Size ins. ft. 

1/2 0.622 0.0519 
3/4 o. 824 0.0687 
1 1.049 0.0874 
1-1/4 1.380 0.1150 
1-1/2 1.610 0.1342 
2 2.067 0.1722 
2-1/2 2.469 o. 2057 
3 3.068 0.2557 
3-1/2 ·3.548 0.296 
4 4.026 0.336 
5 5.047 0.420 
6 6.065 o.5o6 
8 7.981 0.665 
10 ' 10.02 0.836 
12 12.00 1.000 
14 OD 13.25 1.105 
16 OD 15.25 1.270 
18 OD 17.25 1.438 
20 OD 19.25 1.605 
24 OD 23.25 1.938 

WT - Wrought 
W~ - Wrought iron 
ID - Inside diameter 
TH - Wall thickness 

A - Area squared 

STEEL & W. I. PIPE 

TH. ID0.25 

ins. o. 25 
ft. 

.109 0.477 

.113 0.512 

.133 0.544 

.140 0.582 

.145 0.605 

.154 0.644 

.203 0.673 

.216 o. 711 

.226 o. 738 

.237 0.761 

.258 0.804 

.280 0.842 

.322 0.902 

.365 0.956 

.375 1.000 

.375 1.024 

.375 1.062 

.375 1.092 

.375 1.126 

.375 1.180 

-

CIRCLES 

A DIA DIA0.25 
A 2 

ft. 2 0.25 
ft. ' ft. 

0.00211 0.0416 0.451 0.00136 
0.00371 0.0625 0.500 0.00309 
0.00600 0.0833 0.531 0.00545 
0.01040 0.1041 0.568 0.00852 
0.01414 0.125 0.593 0.01225 
0.02330 0.167 0.638 0. 0218 
0.03322 o. 2082 0.675 0.0341 
0.05130 0.250 0. 707 0.0491 ()) 

0.06870 0.292 0.735 0.0668 
0.08840 0.333 0.759 0.0873. 
0.1390 0.416 0.803 0.1364 
0.2006 0.500 0.840 0.1963 
0.3474 0.667 0.903 0.3491 
0.5475 0.833 0.955 o. 5454 
0.7854 1.000 1.000 0.7854 
0.9569 1.167 1.040 1.069 
1.268 1.333 1.072 1.396 
1.623 1.500 1.108 1. 768 
2.021 1.667 1.138 2.182 
2.949 2.000 1.189 3.142 
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Wind 
:sJ Beaufort velocity I 

I, 

'Number (mph) 

3 0 Less 
j than l. 
j 

3 
1 1-3 

2 4-7 

.3 8-12 

4 13-18 

5 

'6 25-38 

BEAUFORT SCALE OF WIND VELOCITY 

Former terms · 
used in weather 
forecast 

Calm 

Very light 

Light 

Gentle 

Moderate 

Fresh 

Strong 

Smoke rises vertic;ally; no 
mov'ement of leaves,· bushes, 

·trees, or grass. 

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. 

Wind felt on face; trees of 
pole size in open sway . 
gently; small branches of 
pine move noticeably; dead, 
dry leaves rustle and move; 
stands of broom sedge sway. 

Leaves and small twigs in mo~ 
tion; dry leaves on ground 
blow about; 1:wigs of h<trd
wood trees move distinc~ly, 

· and large branches of pine 
in the open toss; whole: trees 
in dense stands sway; trees 
of pole size in the open sway· 
noticeably. 

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. 

Inconvenience is felt in walk
ing against wind; branchlets 
~;e-b~oken from trees; small· 
trees in leaf sway; 'entire 

'hardwood trees sway, their 
tips whip about violentiy; 

· twigs broken from pines. 

Progress is impeded when'walk
ing against wind;, large 
branches in motion; branches 

·broken from hardwood trees and 
top~ from conifers. 
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SCI.CNTiriC AHD C01~MOH NA~ES OF Sm1E OF TEE r~ORE 
AEUXDA~T FISH SPECIES 

Salmon 
Chinook 
Coho 
Fink 
Chum 
Sockeye 
Kokanee 

Trout 

(Oncorhynchus tshaw;tscha) 
(Oncorhvnchus kisutch) 
(OncorhYnchus gorbuscha) 
(Oncorhynchus keta) 
(Oncorhynchus nerka) 

(landlocked sockeye) 

Steelhead 
Rainbow' 
Cutthroat 
Brown 

(Salmo gairdneri) 
(Salmo gairdneri) 

(coastal) Salmo clarki) 
(Salmo trutta) 

Chars 
Brook trout 
Dolly Varden 
Lake trout 

(Salvelinus fontinalis) 
(Salvelinus malma) 
(Salvelinus narnaycush) 

Whitefish (mountain) (Prosooium williamsoni) 

Sturgeon (white) 

Sturgeon (green) 

Smelt (eulachon) 

American' shad 

Striped bass 

Largemouth bass 

Smallmouth bass 

White crappie 

Black crappie 

Bluegill 

Pumpkinseed 

Green sunfish 

Sacramento perch 

(Acipenser transmontanus) 

(Acipenser medirostris) 

(Thaleichthys pacificus) 

(Alosa saoidissima) 

(Roccus saxatilis) 

(M:icropterus salmoides) 

(Micropterus dolomieu) 

(?omoxis annularis) 

(Pomoxis nigromaculatus) 

(Lepomis macrochirus) 

(Lepomis gibbosus) 

(Leoomis cyanellus) 

(Archoplites interruptus) 

----
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Channel. catfish (Ictalurus punctatus) 

White catfish (Ictalurus catus) 

Yellow bullhead (Ictalurus natalis) 

Brown bullhead (Ictalurus nebulosus) 

Black bullhead (Ictalurus melas) 

Yellow perch (Perea flavescens) 

Carp (Cyprinus carpio) 

Squawfish (Ptychocheilus oregonensis) 

Chiselmouth (Acrocheilus alutaceus) 

Columbia River Chub (Mylocheilus caurinus) 
(peamouth) 

Roach (Siphateles bicolor) 

Mountain sucker (Pantosteus platyrhynchus) 

Large scale sucker (Catostomus macrocheilus) 

Bridglip sucker (Catostomus columbianus) 

Redside shiner (Richardsonius balteatus) 

Dace (Rhinichthys sp.) 

Golden trout (Salmo aaua-bonita) 

White bass (Roccus chrvsons) 

Sr:ot"ted bass (i1i cronter-us punctulatus) 

Arctic ~avlinr (Thynallus si~nifer) 

• 
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GAME AND RESIDENT SPEC\ES 
(Some o..f -the more abundlSnt NoYthwes.t and Northern Callfo,..ni a species) 

I'IIC.'TtlllAL PELVIC: 
,_,,..S FI .. S 

UNIVERSAL i=l5\4 

SALMON TROUT 

u 

CHAR WHITEFISH 

SMELT AMERICAN SHAD 



B 

L.AR,GE MOVTH 6ASS STRIPED BA~S 

· !:>MALLMOLITH BAS5 

61..U6G\U.... 
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PUMPKINSES'O 
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COLUMBIA RIVER CHUB ·RoAcH· 

BRID5EL1P c;.UC.KER RED SIDE S\41 NER I 

DACE 
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WHITE STURGEON 

GREEN STURGEON 
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. LEGAL 

The fishery resource at water development projects is protected by 

law under general statutes .contained in State Codes and Public Laws of 

the Federal Government. Sections vary in wording among the states and 

their agencies but do.not define the exact structural requirements to be 

fulfilled under the stated 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, adult fish at dams or obstructions are protected by 

the requirement of construction and operation of fishways; downstream 

migrants are protected from diversion from a stream by requirements for 

screening of intakes. As an alternate to the aboye, in·lieu settle-

ments may be allowed, such as construction and operation of fish 
- ""'. 

hatcheries and ma:n=t:made spawning ch;hn~'ti:.< The general statute~:~ eo.V:er, 

habitat protection by limiting types and quantities of pollution and 

stream bed operations that might damage environmental areas. In 

special cases, fish sanctuaries have been set aside by legislative 

action. 

Of more recent development are laws pertaining to the adequacy of 

flows in river channels, including both minimum and maximum .flows re-

quired for mainten·ance of fish life. 

The statutes of individual states and the Federal government re-

quire agencies involved in water use development to confer with each 

other for coordinating protection activities. Where the development of 
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power is involv~d, agencies such as the Federal Power Commission have 

been given authority to consider comprehensive or basin-type develop-

ment and~ hence, the language of each license issued has an important 

bearing in. the decision making of all agencies invo.lved in such a 

basin. Classifica~ion of water purity by pollution control agencies may 

also define protection to fish life. 

Appropriation acts of the States and.the Federal government may 

also contain language pertaining to the administration and require-

ment for fisheries protection at water us~ developments and should be 

reviewed for each project. 

In addition to present•day laws, a background approach leading to 

. ' 
public laws for the protection of migratory fish is contained in Magna 

Charta. An excellent summation of the ownership of land under the 

water, or the water over the land, is co·ntained in· 11The history ·and iaw 

of fisheries 11 by Stuart A. Moore and Hubert Stuart Moore,- published 

. in London in 1903. 

References to early federal legal action in the United States is 

containedin 11Compilation of federal laws, relating to the conservation 

and development of our nation's fish and wildlife resources - Part IV 

(Fishways at riyer and harbor project) Act of August 11, 1885.~ 

I 
I 
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1 Chapter 3 LE'.GAL 

Add the followin~: 

Caution: Sine~ the federal Court decisions affecting fishinp r~phts 

of Native Americans and the instip.ation of the 200-rnile zonet the basic 

State laws have been and are beinp modified to the extent that it is 

essential that all actions. be revie...:ed to reflect the results of t:~e 

above-mentioned changes. The leral aspects of fisheries management have 

been changed radically. 

Recent legislation in certain state~ permits tte develonment of 

private hatcheries an~ the use of the returnin9 runs. 

The a~ency names shown in the laws have been altered in many cas~s. 

and the a~encies referre~ tc in tt~ references have heen consolidated witt 

other conservation apencies, sometimes result~nf jn a ne...:lv-narred a~encv. 

In almost all cases, past authority has been transferre1 to the ne~ a~encv. 
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'An act to promote the conservation of wildlife, fish and game. 
and for other purposes'." Washington, D. c. 19~6. 

13. "Magna Charta, or the great charter of King John, granted June 15, 
A.D. 1215." (Old South Leaflets General Series, Vol. 1, No. 5.) 
Boston Directors of Old South Work, Boston, l~ass. 1896. 

Page 1, item 33, "All kydells (wears) for the time 
to come shall be put down in the rivers of Thames 
and Medway, and throughout all England, except 
upon sea-coast. 11 

14. Russel, Alex, "The salmon. '' Edmonston and Douglas . F.cinburszh , 
Scotland. 1864. 

Page 7, 135. Quotes from Ma~na Charta. 
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DEFINITION OF COMMON TE&~S IN USE 

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. 

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

Algae- Simple plan~s, many microscopic, containing chlorophyll. Most 
algae are aquatic and may produce a nuisance when environmental condi
tions are suitable for prolific growth. 

Ambient 
time. 

The natural conditions (or environment) at a given place or 

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 9 and striped bass. 

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

Anaerobic Organisms - Microorganisms that thrive best, or on+y, 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 - Th~ bottom of a body of water. 

Bio-assay - A determination of the concentration of a given material by 
comparison with a standard preparation, or the determination of the quan
tity necessary to affect a test animal under stated laboratory conditions. 

Biochemical Oxygen Demand (BOD) - The amount of oxygen required to decom
pose 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. 
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Biomass - The weight of all life in a specified unit of environment 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 aggregation of plankton 
(plant and animal). 

Coliform - Any of a number of organisms common to the intestinal tr.act 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- Amount of oxygen dissolved in water (DO~. 

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 or a permanent body of 
water together with all tributary 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 a liquid 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 
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portion of its range other than a species of the class Insecta determined 
to consitute a pest whose protection would present an overwhelming and 
overriding 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. Estu
aries 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. 

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 parti
cular environmental factor. Examples are slidgeworrns and bloodworms. 

Eutrophication - The intentional or unintentional enrichment of water. 

Eutrophic Waters - Waters with a good supply of nutrients. 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 producing convection currents from top to bottom, (3) cir
culation of the total water volume by wind action, and (4) vertical tem
perature 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 of body of water and which causes or threatens damage. 

Flood Plain 
overflows. 

Lowland bordering a river, subject to flooding when stream 



Food-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 ad
vanced fry. 

Gaging Station - A particular location on a stream, canal, lake, or reser
voir 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 rainfall, 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 environmental tnfluences 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, .co.pp_e:t: and zinc but that a:t,sq Jpc;_ludes arsenic, selen
ium, silver, cadmium, tin;_ .antimony, mercury, and ·1~~:cr~} among others. 

Herbivore - An organism that feeds on vegetation. 

Heterotrophic Organisms - Organisms that are dependent on organic matter 
for food. 

Holdovers - Fish that take up residence in reservoirs rather than completing 
migration to the sea; may complete migration the following year. 

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

Homoiothermic Animals - Animals that possess a temperature-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 evaporation, 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 thermo
cline to the bottom of the lake and is removed from surface influence. 

Impoundment - A body of water formed by confining and storing the water. 
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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 (LD
50

) - Dose lethal to SO per cent of a group of test 
organisms for a specif~ed period. The dose material may be ingested or 
injected. 

Median Tolerance Limit (TL ) - Concentration of the tested material in a 
suitable diluent (experimeWtal 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 circulatio~ 
of the water. 

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

,- ,. Nekton - Switmning organ:isms able to navigate at will. 
·~-.. :-~ :;--. --

• 

' 

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

Nonconsumptive ryse - 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 nutrients, supporting 
little organic production. 

Oxygen-Debt - A phenomenon that occurs in an organism when available 
oxygen is inadequate to supply the respiratory demand. During such a 
period the metabolic.processes result in the accumulation of breakdown 
products that are not oxidized until sufficient oxygen becomes available. 

Pelagic Zone - The free-water region of a large body of water. 

Periphyton - The association of aquatic organisms attached 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 pro
duced from carbon dioxide and water by living plant cells, with the aid 
of chlorophyll and in the presence of light. 

Phototropism- Movement in respons~ to a light gradient . 
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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 micro
scopic, 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 temperature-regulating mech
anism that offsets external temperature changes (cold-blooded animals). 
Their temperature fluctuates to a large degree with that of their environ
.ment. E;xamples. 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 fixation by 
plants and bacteria forming the base ·of the food chain. 

Profunda! Zc;>ne - The deep and bottom-water area beyond the depth of ef
fective light penetration. ·All of the lake floor beneath. the hypolim
nion. 

Public Waters - All waters not previously appropriated. 

Rearing area - The place where juvenile fish l;ive. 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 df streams, lakes, or tidewater. 

Riffle - A section of a stream 'in which the water is usually more shallow 
and the currerit 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 surface streams. 
This is the streamflow before it is affected by artificial diver
sion, reservoirs, or.other man-made changes in or on stream channels. 
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Salrnonoid -Fish belonging to the family salmonidae, including salmon, trout, 
char, and allied freshwater and anadromous fishes. 

Seiche - A form of periodic current 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 without support, 
a~tached or merely resting unattached on 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 anadromous 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 convection 
currents from top to bottom, (4) circulation of the total water volume by 
wind action, and (5) vertical temperature equality, 4 degrees C. The over
turn results in a uniformity 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 surface or under
ground reservoirs. 

Storage reservoir - A reservoir in which storage is held over from the 
annual high-water season to the following low-water season. Storage re
servoirs 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 occurs in a natural channel. 
The word discharge can be applied to a canal, but streamflow describes 
only the discharge in a surface 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. 

Thermocline - That layer in a body of water where the temperature differ
ence 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 
met~r (39.37 inches). 

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

Tropholytic Region - The deep layer of a lake, where organic .dissimila
tion predominates because of light deficiency. 

Turbidity - The cloudiness of water caused by the presence of suspended 
matter. These particles cause light to be scattered and absorbed rather 
than transmitted in straight lines. It is often measured in Jackson Tur
bidity 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 in
clude small crustacea, such as daphnia and cyclops, and single-celled 

·animals as protozoa, etc. 
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USEFUL FACTORS IN LIFE HISTORY OF MOST COMMON SPECIES 

In using the table, it must be recognized that there are variables 

not shown. The table is intended to cover only those factors that 

affect to some degree the design of fish facilities. It does not de-

pict the full ran~e of factors needed for the management of these species. 

In large rivers it has been shown that chinook salmon are gener-

ally present throughout the year . 

In anadromous species the sex ratio of returning fish is assumed 

to be closely balanced; however, there are known variations. It is 

not uncommon to find up to 20 per cent precocious males in runs in 

major streams. When considering a specific site, such factors can 

have an important bearing on the numbers to be handled. v 

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 segments of runs are subjected 

to the most adverse natural conditions that may diminish the effective-

ness of these spawners. Sex ratios within various streams may be un-

balanced by fishing pressure or differential gear efficiencies. 

Jacks of the various species are generally considered precocious 

males that mature one to two years in advance of the normal cyclic time. 

Occasionally a few early-maturing females have been noted. The cause 

of precociousness is not fully understood. The literature attributes 

population pressures and artificial propagation techniques as possible 

causes. 

Under normal spawnin~ conditions the fish are paired, although 

a male will mate more than once. Males usually outlive females and, 
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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 daysQ This is an important item in determining spawning bed. sizes. 

Redds must not be dried or exposed to stagnant water. Eggs 

should not be disturbed during the tender period, after they are water 

hardened and before they are eyed. (See chapter on Spawning Criteria.) 

The number of,eggs carried within the females varies with size and 

species and may not be 100 per cent viable. The literature discloses 

that eggs 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: a degree-day is one 

degree above 32° F. for a 24-hour period. With considerable variation, 

approximately 900 degree-days are required for salmon hatching and an 

equal number for the absorption of the yolk sac, which gives approxi

mately l,BOO degree-days. In contrast to the salmon hatching period, 

incubation of trout eggs requires approximately 720 degree-days. 

Because of the variation, these figures should be used only as an 

approximation of the length of time that either spend in a spawning 

bed or a hatching facility. 

Although the energy utilization is not thoroughly described, it 

is useful for comparative purposes. It could be expected in the 

anadromous stocks, which cease feeding upon entering fresh water, 

ll 
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that the male uses over 60 per cent of its stored energy for body 

maintenance and the female uses less than 60 per cent at normal tempera

ture levels to time of death. The sex products of the female account 

for 15 to 20 per cent of the body energy, as·opposed to 5 to 8 per cent 

in the male. It could be expected that the female uses double the body 

energy in nest building (2 to 5 per cent) as does the male. Therefore, 

as noted above, the males, living longer, would require more energy for 

body maintenance. 

characteristics. Larger, older females produce larger eees. 

Egg sizes given generally refer to green eggs; however, the sizes 

of water~hardened eggs represent space r~om required in artificial pro-

pagation and are approximated in the tables here, as they vary widely. 

Brood years were defined by the Pacific Marine Fisheries Commission 

in 1957 as follows: 

'Brood year' refers to the calendar year in which the 
bulk of eggs is deposited. Time of egg deposition by 
a given species is determined by its habits over most 
of its range in Western North America. 

For example: 

1. Use as brood year the calendar year of spawning 
for pink, sockeye, and chinook salmon and for 
cutthroat and wild rainbow trout. 

2. Use as brood year the earlier of the two calendar 
years of spawning for chum and silver salmon. 

3 . Use as brood year the later of the two calendar 
years of spawning for steelhead and fall spawning 
rainbow trout. 

See also chapters on Disease, Silt, Temperature and Water Quality. 
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Useful Factors in Life History of Most Common Species in Western United States 
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Useful Factors in Life History of Most Common Species in Western United States 
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Large streams s,c 4-6 yrs. 10-20 lb. 5,000 Year 2-5 yrs. 
(av. 15 around 

,_....., lb.) 

Coastal i.Jash., s,c II " II 1 yr. + 2-5 med. streams seaward yrs. 

migration 

Sum~er Chinook Salmon 

Co:!.. R. & s,c 4-6 yrs .. 10-30 lb. 5,000 1 yr. or 2-5 yrs. 
u~per tribs. (av. 14 (av. size, longer 

lb.) 1 , rr.~) _ .. 

Coho Salmon 
r~ 

l....1r;e st:-eams s.c ':> yrs. 5-20 lb. 3,000- 1 yr. + 
.., yrs. .J .. 

(av. 8 4,000 (year 
lb.) (- .. c; •• s:ze, around) 

E..E-7.9 rr.::-: ) 

r. 
Medium s,c " II II Year 2 yrs. 
strear:Js around 

" II II '1 
n:. 

-~ 
Small streams s,c Year ,;. yrs. 

around 

Cuastal Wash.> s,c II II II 1 yr. + ., yrs. ([ ... 
med. streams 

[. 

Coastal \.:ash, , s,c II II II 1 yr. + 2 yrs. 
small streams E 

Lo.,..er and mid- s,c II II " 1 + .., yr. ... yrs . 
dle Col. ?.... & (year 
t:ribs. around) 

\ ;.; t ~~: Small runs ar>pe.:H' in .;une in ;:err:~in St'!'"r?~!:..::i. 
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Early Apr.-
late July 

~!arch-ear-

ly June 

June-mid 
Aug, 

Early Oct, 
-late Dec. 
(pe::;.k in 
~·;ov .) 

Oct.-
Mid Jan. 

Early !iov. 
-early Jan. 

Sept.-Jan. 
(peaks Oct. 
and Nov.) 

Oct.-Jan. 
(early & 
late runs) 

Late Aug.
:'.::b. (peak 
in Uct.) 

<1) 
l.o 

"tj 

'JJ .u 
s.. 
1-1 w 
(!) ::J 

""" 
~ 

(!) E 
s.. Ci 
:l.. ,_. 

50-55°F 

" 

" 

Spat."ning, 
egg incub., 
50-SS"F, 
Rearing 
53.6-
57.20E 

II 

" 

II 

!I 

" 

00 
c ..... 
t: 
:3 (!) 

~ a c.. ..... 
cr. ..... 

Early Aug.-
early Oct. 

Aug.-mid 
.Oct. 

Sept:.-mid 
Nov. 

Mid Nov.
early Jan. 

Mid ~ov.-
mid Jan. 

Mid ~ov.-
early Jan. 

Mid Oct.-
Mar. (main-
ly Nov., 
Dec., Jan.) 

Nov. thru 
Feb. (peak 
late Nov.-
~.Ud Jan. 

t. -:-t:H. 

7 
Ul 

,.. 
'JJ 0 

I 'll 
:':l s :::; :r. 
.c :':l c ··I .u 'Jl 

;::! (!) c I u ..... 
u 1-. .,.. :r. - '· 
c ,.. w w .:::. . ...... 

...... c lll I'J ... '- w ,.. \.; r. :,.;J CJ 
c.c.u :l ::.c = .:: 
ct 0 ..... ~ s.. .u 

;;J 0 z 0:: 0 0 

Early Oct.- March-
mid Jan. July 

Late Aug.- During 2nd 
Jan. spring at: 

5-6!1 

Nest builders 

During 2nc! 
spring 

( 1. :::._L. 5 ii:) Nest builders 

Mid Nov.
early :-1ar. 

~1id ~ov.-

late ~tar. 

Hid Nov.-
mid Har. 

Hid Oct.-
May 

Oct. -~tay 

t.-

April 

Harch
July 

April-
June 

April-
June 

March-July 
of 2nd 
year, (peaks 
in . .J..pr. ' ~to:"·, 
June) 

~!arch-July 

of 2nd 
year, (main-
lv ~.pr.' :!ny, 
Jun.:·l 

~t:lrcb-

Julv 

., ~- r;,y-1 
. "'. I 



<ll 
u 
c 
Q) 
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s.. -... C) 

u 
0 

Lar~?e st-rear::s 

!1cdiurn 
streams 

Srr.:1ll S~'t'caws 

B.C. & ,. -
;:, . .::,. 

Alaska 

Chum Sal moe. 

Large st.rea:::1s 

Mediurn 
St!"e<J.tnS 

Small streams 

Co as i:."ll :-.~ash. , 
merl. ,:;t-rcams 

Cuasr.al l' • 
.-~asn. , 

sm<.1ll :;r.rc.::;~s 

I 
I s.. 

"' 
~ ..... ~ 

E 'Jl ::1 u 
0 ::J z ::J r.l 

:..,} 0 u ;::: :>. 
:)J - ... .u . u ·11 ;:J u -.u t'.D ([, "' :... "":) 

0 :; '"' 'l> 
::::1. :... 0 eli 
u: :.:.. < 

c,s 2 yrs. 

c,s •• 

c,s II 

c ,, 

c 3-4 y-rs. 

c .. 

c " 

c It 

c " 

1j 

""' Q) ..... CJ 
t'.D 0 t'.D 

= -co . r:l 

""' 0 1.1 
'-" :z ...... 

. ~ 
u ::> :;,[) 

:l: < ;.;J 

3-10 lb. 1,500-
(av. ' 2, 700 ... 
lb.) (av. size, 

7 mm) 

" " 

" " 

.. .. 

8-12 lb. 3,000 
(av. 10 (av. size, 
lb.) 7-8.7 r.:rr.) 

It It 

It II 

" II 

" II 

::: 
I.:.. 

c . .... .... 
.... 

'l> ::l 
E i:J ..... :.... 

...... .._, 

Mid Jan,-
lat.e :·tay 

Dec.-
:t-1arch 

Dec.-
March 

·Feb.-
May 

Dec:.-
Huy 

Feb.
May 

Feb.-
May 

1 me. 

1 mo . 

.... 

(appr;:ox.) 

---~-·-----·.....:. ~--·--· 

k 

c 
(;) 
e.; 
C) 

c 
c _. 

~ = 
...... 

1 1/2 
yrs, 

" . --. 
It 

" 

-

2 1/2-
3 1/" I-

yrs. 

" 

II 

" II!J 

.m; 

" 
£; 



1. 

1 

.., .... 
::: 

"'0 
< "' 

:::l ..... ..... 
0 .... 

r: 
~ :-

eo 
.... "'~ 

::iC. July-. 
late Aug. 

~tid Sept.-
l~c2 Dec. 

~·!ic .Sii::pt.
la. ~c Oct .. 

Ear.:.,_~ S t:? t ~~ 

-late Dec, 

MiU :·!ova
mid Dec. 

;;:id Jan. 

net .-early 
Jt"c~ (pe:a~ 

i:1 late Oct. 

·-:id Oc c..-
-=t3rlv ~ov. 

.., 
1-4 

"":;1 ::: 
<:J .u 
~ 
~ :-
Q! ::; ...... c.. 
<:,) s 
:- ::; 
c.. ;-. 

II 

" 

" 

II 

" 

" 

" 

0.0 
c: ..... 
c 
;:!: Q!' 
(lj s 
c.. •"""'! 

(/) ;-. 

Late Aug.
late Oct. 

Late Sept.-
lac.: Oct:. 

Late: t:.-
la::c Oct. 

Lace 
late uc t. 

Mid s~pc.

early Jan. 

Early Dec. 
-mid Jan. 

Early Dec. 
-mid Jan. 

Mid Oct. 
thru Dt::c. 
(penk ln 
~~OV" ) 

Late Oct.-
:::id Dec. 
(p..:.l.t':. .,.. 

~;uv .. ) 

9 
Ul c: 
QJ 0 

1 U) 

r:l s ;:l T, 
.1:. l':l c: I ..., cr. 
::: c 1J 0 1 u ·- * 
u 0 ~ ..... U) <lJ ::::.. 
c: . ..; .u .... .:.<. . ..... 

H .., Ul (t1 ~ .... :-
c: :- 't\ :.:.1 'lJ 

0() ) c.c s -
0() 0 ·- :u ~ ..., 
~ Q z ::.: 0 :J 

(l-.J.~, in)Nest builders 

Late Aug.
mid Oct. 

Dec.
Hay 

Late Sept.- Feb.-
early J;:;n. ~lay 

Lat~ Sept.- Feb.-
lac~ Jan. 

Lace Sept. 
-lace Feb. 

Hay 

Apr.
~1ay 

Hainly commercial 
catch; small sport 
fishery; runs occur 
in Puget Sound only 
in odd-numbered 

,years. 

(1.5-~ in) ~est ~uilJ~rs 

~fid Sept.
early l·!ar. 

Early Dec. 
-miJ ~1ar, 

Early Dec. 
-mid :!.:;.r. 

Hid Oc c.-
~1a n: :1 

~!it:. ')C C.-

:·!2rch 

Dec.-

Feb.
~!ay 

Harch-
tolay 

Feb •• 
~·t:l r ~~ . 
. \pril 

Feb. • 
\f., l"" r 
·"""'"" """"' 
.\pr i l 

& 

Runs of chum sal~on 
have declined gre~t
ly in recent years 
throughout the 
range. 

In south~rn Puget 
Sound and Hood C3-
nal :nany mediu::: and 
small size strea~s 
have chum runs ~ith 
timing similar to 
pink salmon. 

!I', 
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Sockevc Salr.:cn 

Columbia R. to 
Alaska, in 
some large 
streams that 
provide lake 
habitat 

r:o kanec 

Calif. Oreg., 
\-!ash., and B.C. • 
in large, cool 
lakes and re
serv·oirs 

Steelhead 

Coastal Streams 
and river sys- . 
tc:r:s, northern· 
Culif. to Abs
~~a 

:-:ash. strea!':s 

c 

S,F 

s 

3-5 yrs. 

2-7 yrs. 
(mostly 
3-5 yrs.) 

3-6 yrs. 

10 

. 
.u 
:J: 

,....._ 
..... Q) 

0 ;::!l 
t;l 

0 :.. 
Z'-' 

:1) 
•00 

> ~ 
<::;:...l 

3-8 lb. 3,500 
(av. 6 (av. s:..ze, 
lb.) :., • i..i-C r.-~-;:) 
larger in 
Alaska 

1/8-1 lb. 400-500 
(8-18 in., for fish 
av. 12 in.) 11-1.2" 

length 

. 
:::: 

' ""',....._ 
e.r, 

c: c: .,.. ..... 
I.J 

C) t;l 
c ~ ..... w 
t-o'-' 

1-3 yrs 

Life 

.r..:gg sizes Vary 

5-30 lb. 

· .. ddely with size 
OI fe=:1a.:..e. 'wOn
!:;i.Jer· ;..-· .. r:;;:,) 

5,000 1-J yrs. 
(il;~. : 
yr:.;;. 9; 

... 
..... 

1-4 yrs. 

1-.:. yrs. 

[ 

' 
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Some river 
systems as 
Fraser and 
Skeena have 
2 peak peri
ods (early 
runs in late 
July-early 
Aug.; late 
runs in Sept. 
-oct.) 

Late July
Dec. 

April-:~ov. 

a) 
l.o 

"0 ::l 
a) .u 
w ctl 
w w 
w a) 

..... c. 
w a 
w a) 

c.. ..... 

50°F 
Spa~'l1 at 
44-54°F, 
on fall
ing temp. 

11 

til c 
a) 0 

I til 
<ll s ::::> en.= 

..0 <ll c I .u en-
00 :I w 0 I U"""' 
c u c ),.o.,.; til d):.:.. 

.,.; c 0 .u ... ~- ..... 
s 1-1 .,.; en co w""" l.o 

'l.l .u c w ~w ·:!) 

<ll E 00 ) 00 E .-
c. ..... 00 0 ..... w l.o ... 

l:llE-< w Q :.:<:: ::r:: 00 

(3.5-S i~) Nest builders 

Aug.-Nov. 80-140 days 
depending 
on temp.; 
fry emer
gence in 
April-May 

Aug.-Jan., Aug.-Feb. 
depending 
on water 
temp. and 
race of 
fish. Most 
spawn in 
late fall; 
often 2 
strains plant-
ed; early run, 
Aug.-Oct. 
late run, Oct. 
-Feb. 

Feb.-June Feb.-July 

April
June 
(sea
ward) 

Fry enter lakes 
where they remain 
one to three years 
before migrating 
to the ocean. 

Nest builders 

Sept.- Formerly limited to 
March lakes with residual 

sockeye populations; 
later successfully 
introduced into many 
inland lakes ~nd re
servoirs; often eas
ily caught, good 
sport fish, provides 
forage for large 
trout in some areas; 
spawning occurs in 
tribs. to lakes or 
around l~ke shore. 
Primarily plankton 
feeders. 

U-8 i:-:)Nest builders 

~rch

June 
Sport c.:J.ught 
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Columbia River 
"A" Group 

s 

w 
eo 
< 

3-4 yrs. 

"B" Group S and 5-6 yrs. 
inciden-

Winter run 

Wash. streams 

tal com
mercial 
catch 

s 3-6 yrs. 

Columbia River S and 3-6 yrs. 
inciden-

Fall run 

Sacramento R. 

tal com
mercial 
catch 

s 2-3 yrs. 

Steelhead - Spring run 

Columbia River .Sand 3-5 yrs. 
inciden-
tal com
mercial 
catch 

Rainbow Trout 

Thruout Pacific S 
slope; ~idely dis
tributed thru hatch
eries into other 
regions; BRja Calif. 
to Bristol Bay, Alas
ka, abundant. 

3-4 yrs. 

12 

-OJ 
0.0 
c 
til 
~ -
..., 
:;3: 

4-12 lb. 
(av. 5-6 
lb.) 

8-20 lb. 
(av. 9 
lb.) 

5-28 lb. 
(av. 8 
lb.) 

6-20 lb. 
(av. 8 
lb.) 

1-12 lb. 
(av. 4 
lb.) 

5-20 lb. 

1/4-42 lb. 
av. 1/2 

.-.. 
QJ 

...... eo 
0 t: 

til . ).; 

o-
:z 

r.n . ClO 
:> ClO 
<1:.1 

2,500 

3,500 

3,500 

1,500 

2,500 

1,500 
(av. size, 

lb. 3.1-6.9 mm) 

. 
~ 

""'-eo 
t: c ...... ...; 

~ 
w ~ e QJ 

...... 
'"' E-''-' 

1-2 yrs. 

1-2 yrs. 

1-3 yrs. 
(av. 2 
yrs.) 

1-3 yrs. 
(av. 2 
yrs.) 

1 yr. 

1-2 yrs • 

Life 

c 
!.'Cl 
1!.1 
I:) 
0 

:::; 
...... 

Q) 

5 
.,..; 

t-o 

2-3 yrs. 

3-4 yrs. 

1-4 yrs. 

1-4 yrs • 

1-2 yrs. 

2-3 yrs. 
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;::1 
~ 

< ;::: 
0 ..... _, 

0 .... 
ttl 

w 1-< 
5 eo ........ 

E-<::E: 

June-ear-
ly Aug. 

Aug. thru 
Oct. 

Nov.-mid 
June 

Nov. thru 
May 

Early Aug. 
-Nov. 

Late Feb.
early June 

<lJ 
1-< 

~ :::l 
<lJ .... 
1-< Cll 
1-< 1-< 
Q) il) ..... c. 
w 5 
1-< Q) 
Q,.t..; 

50-55°F 

50-55°F 

50-55°F 

50-55°F 

eo 
;::: ..... 
c 
3 <lJ 
C1l 5 
Q. _, 
tnE-< 

Feb.-
March 

April-
May 

Feb.-
June 

Feb. 
Hay 

Jan.
March 

thru 

Late Dec.
~arch 

Normally 

13 

{ 
Cll 

.0 
;::1 
u c 
::: 0 ,.... ..... 

.... 
OD 
eo 
""' 

Feb.-
April 

April-
June 

Feb.-
July 

Feb.-
June 

Jan.
April 

Late Dec.
May 

Normally 
spring; April-June 
hatchery depending 
brood-stocks on water 
of fall spawn- temp. 
ers have: been 
developed, 

e 
C1l ::: 
<lJ 0 ,_.,... 
........ 
til C1l 

.~ 1-< 
eo 

0..-1 
Q::E: 

Ziarch-
June 

March-
June 

March-
June 

March-
June 

Next 
spring 
as 
year
lings 

Spring 
and 
summer 
of fol
lowing 
year 

til .. 
<lJ 0 
til 

:::l Ul.::: 
I .... ~ 
I U..-1 
tllQJi:<. 

~""' 
1-< ""' 1-< 
('C""' w e .!:: 
Q,) ....... 
0:::00 

Mainly sport 
caught 

Sport and com-
mercial catch 

Important sport 
fishery 

Sport and com-
mercial catch 

Popular sport 
fishery 

Sport and com
mercial catch 

Nest builders 

Good spore fish; 
adaptable to hatch
ery production and 
to varied environ
ment, stream spawn
er; often migraces 
into lakes for bet
ter food sup?ly. 

1.1"\ 

1-< 
11! 

.1-J 
Q., 
ro 

..c 
u 
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Coastal Cutthroat Trout 

Northern Calif. s,.P 3-4 yrs. 
to Prince Wil- (large sea-run 
liam Sound in fish) 2-5 yrs. 
south-east 
Alaska 

Brov."D Trout 

Introduced in
to streams, 
lakes, and 
reservoirs; 
Calif. to B.C. 

S,P 3-4 yrs. 
(large 
fish) 

Brook Trout (Char) 

Introduced thru- s 3-4 yrs. 
out the U.S. west 
of the Continen-
tal Divide; well 
established in 
many mountain 
lakes and streams 
where it frequent-
ly becomes over-
populated and 
stunted. 

Doll v Varden (Char) 

Native to Pacific S,P 4-6 yrs. 
slope from ·McCloud 
R.' Calif. to Karn-
chatka and west to 
Japan; widely dis-
tributed in both 
lakes and streams. 

(cont.) 
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Resident 800- Life or Sea-run 
1/4-17 lb. 1,200 sea-run 1/2-1 yr. 
sea-run 1-3 yrs. 
1/2-4 lb. (normal 
(av. 1 lb.) 2 yrs.) 

1/4-40 lb. 1,500- Life 
(av. 1-3 2,500 
lb.) (av. size, 

4.05-5.39 IT:!:'.) 

. . "-""~ 

1/8-5 lb. 500- Life 
(av. 1/4- 2,500 
1/2 lb.) (av. size, 

4.1-5,5 nun) 

1/4-20 lb. 1,500- Life, Sea-run 
(av. 1/2- 3,500 (sea-run migrate 
3 lb.) C3\·. sjze, 2-3 yrs.) from 

5-6 !!'!"") 
ocean co 
lakes 
each 
fall. 

IJ 
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~;;; Nest builders 

""""" Sea-run 50°F Resident Resident Sea-run Native to Pacific 
':ll July- Feb .-May; Feb .-June; March- slope; spawns in· 

Dec. ·sea-run sea-run June small, cool, well-
Dec.- Dec.- aerated streams. 
June July Mostly wild stock; 

..... not easily held for 
hatchery production. 

Nest builders .. 
55-60°F Fall and Sept. -Dec., Tolerates wanner 

early depending water than most 
·~ winter on condi- trout; the only 

tions trou.t ~.;ith both LJ') 

black and red spots; )..; 

cannibalistic; many llJ 
.u - reach large size; 0.. 
(':: 

unusually wary anc c_; 
often hard to catch. 

Nest builders 

50-55°F Fall Sept >Dec., Spat.us success full:: 
depending in fall in lakes - on water and streams at high-
temp. er elevations. Pre-

fers cool water. 
Has light colored 
spots against dark-
er body color, dor-
sal wavy reticula-
tion, white-edged 
ventral and anal 
fins, srr..:1ll scales. 

Nest builders 

Mid Aug.- 50-55°F Sept.- Sepc.-:tarch Sea-run Not highly reg:ndt.:i 
early :lov. Nov. depending spring as sport .fish; pre-
(ocean to on water and fer de.:p-w.:::..ter lakd; 
lake) temp; Host -=arly consido:er<2d pi" e.,... 

hatch in summer, daceous on eggs 3.n~ 

l1arch, 4-5 mainly young of salr:~on .3.!1-:l 

mo. after ~tay & trout; long-lived, 
fertiliza- June as about 3 \'ears: few 
tion . (cont.) (cont.) 

. " 
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Dolly Varden (Char) (~ontinued) 

Sea-runs occur 
in some areas,. 
,particularly {ri 
B.C. and A~aska, 

· with 'fish of 
large size. 

Lake Trout or Mackina-w (Char) 

Introduced from S,P· 
Great Lakes Area 
iqto a. few 'large,' 

.deep, cold~water 

la.l$..es. of :the · · 
~Pac.iHc slope 
frcini Calif. 
north and in some 

·inland mountait?
areas. Native to 
many large lakes 
.in interior. B. c . 
. and ~Alaska. 

4-5 yrs. ·1-80 lb •. 
.(usually 
5-20 lb.) 

·Rockv Mountain Whitefish . 

Ea~t slop~ of the S 
. Sierra Nevad·a in 
Calif. and Nev. 
west .slo~e oE t~~
Continental Divide 
i~ molin.t.ain strea!!IS 
and lakes of ~1o.nt., 

· Idaho'· Utah, Oreg;, 
Wash., B~C., in
cluding some :ln
~e~ior eist ilope 
river systems in 
B,C; 

3-4 yrs. ·1/8-4 lb. 
,(av. 1/2 

'lb. ,:wt •. &. 
11 in. 
1en~?ti':) 
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Fall 

Fall (Oct.
Nev.) spawn 
from 42°F 
down to 
32°F on 
falling 
temp. 
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00 
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Sept. -~!ar. 
depending 
on water 
temp. 

Oct. thru 
March; 5 
mo. at 35°F 
(hatch main
ly in ~1a rcl1 
at 40-42°F) 

(I.).C: 
a.! 0 
(1.) 

e 7-~ ~ Cll c 
<:J 0 I U""' 
~.~ ...... (1.) CJ~ 
.u .u ..:.liW 
(1.) til ~.~ ..... w 
c w ('ll::..l Q,l 
3 00 e 
0-t QJ ... ..... 
QZ r::.:: 00 

4-5 spawn more than 
inch twice; spawn in 
smolts. parent stream; 

winter in lakes. 

Nest builders 

Largest of the 
·chars; spawn in 
1akes on rocky 
ledges wit:hout 
building redd~ 
found in cold, 
deep water; very 
predaceous; not 
easily caught; 
sport value is 
chiefly in fre
quent large size. 
Hybrid from feii13.le· 
lake trout and :nale 
brook t:rout, c·alled 
"splake" is arti--: 
ficially propagated 
and stocked in B.C.; 
long-lived (up to 
20 yrs.). · 

Small sucker-like 
mouth, adipose fin; 
prefer clear, cold 
water~ mainly u 
bottom feeder; com
pet~s wit\\ trout & 
salmon; .:ggs re
lea.sed freely--no 
nest'building; some 
limit:ed •.:inter 
sport fishery 
value. 
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\:>.'hi te Stuq~eon 

From Monterey 
Bay, Calif. to 
·Alaska, in ma
jor river 
systems 

. S,C 

Green Sturgeon 

Southern Calif. 
to Alaska; usu-
ally in brackish 
or . .salt water 
in the. estuaries 
or near .. the ocean 
entrance of ma
jor river systems. 

c 

Cll 

I ,.... 
:I 
.1-0 
('(! 

::0:: 
,>, 

>1-1 >1-1 
t"a""" 
QJ 

00 
< 

Females 
12-15 
yrs. 

12-15. 
yrs. 
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...... 
QJ 
00 c 
Cll 

"" -. 
.1.1 
:3: 

5-18.00 lb • 
female 
weighs 
40 lb. at 
12 yrs. 
age (ave.) 
and 4 ft. 
in length 

5-350 lb. 

Columbia River Smelt (eulachon) 

Northern Calif. 
to northwest 
Alaska in some 
major river 
systems. 

.Ameri~;an Shad 

s,c 

Calif. to Alaska, S,C 
mainly between 
the Sacramento 
and "Col. Rivers. 
In Col. R, spawn 
mainly off Washou
gal reef and from 

' ·Bonn. to John 
Day dams. 

2-3 yrs. 

Female-
6 yrs. 
male 
5 yrs. 

. 2 oz. 
(under 12 
in. :Ln 
length at 
maturity) 

2-6 lb. 
av. 3 lb. 

,...... 
QJ ..... 00 . 

0 C::· 
111 . 1-l 

o-z 
Cll . 0.0 

~~· 
:> 00 <t&J 

50,000-
5 mil-
lion 

50,000-
2 t:nil
lion 

25,000 
(7, ooo-
6o,ooo) 

. 
3 
~,....... 

00 c c 
..-~ .... ,... 
ilJ l!ll e QJ .... "" !:-<'-' 

Varies-
some mi-

. grat;_e, 
some re-
main in 
F.W. 

Seldom 
in F.W. 

Slight
drift to 
ocean soon 
after 
hatching 

c 
rn 
QJ 
Cj 

0 

e: .... 
Q) 

5 .... 
!:-< 

Varies 

Mainly 
in salt 
or_ brack
ish wa
ter 

Usually 
3 yrs. 

30,000 2-3 months 5-6 yrs. 
(25,000-
156,000) 

IL 
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Downstream 
in summer 
and fall; 
upstream 
in spring 

Slight mi
gration 

Late Dec. 
to Mar. 

Upstream, 
Mid ::-lay-
July (peak 
in June 

~ 
w 

"' =' 
~ ~ 00 
w ell c:: 
w w ..... 
QJ ~ 5 .... 0. <iJ 
QJ e <Tl e 
w C1J o..,..; 

Q...E-o CI)E-1 

Mod. to Spring & 
cool wa- summer 
ter; adapt-
able to 
wide temp. 
range. 

Ocean Spring & 
temp. summer 

45-47°F Jan.-Har. 

Prefer July 
moderate 
temp., 
60-65°F 
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lo· e 
..0 Ill c:: 
=' QJ 0 
(J c:: w..-1 
c 0 u u 

1-t.,..j til ell 
.u 5 ~ 00 

00 0..-1 
"'-l Ql: 

1-2 weeks, . Summer 
depending 
on temp. 

1-2 weeks Slight 

3 weeks Feb-Har. 
at 47°F (fry 

carried 
by stream 
currents 
to ocean 
soon af-
ter 
hatchi~g) 

3-6 days Fall 
depending 
on temp. 

til c:: 
~ 0 
til 

::J til.!! 
j-....J tl) 

I (J.,..; 

til CU"" ,.:.:: .... ....... "" <Tl"'-l QJ 
e .::. 
~ w u 

cz:: 00 

Small commercial & 
sport fisheries; roe 
is valued for ca
viar; fish are bot
tom feeders, long
lived, fish over 
80 yrs. of age re
corded. Mainly a 
winter fishery. 

Smaller than white 
sturgeon, and of 
inferior quality 
as food; less com
mon than the white 
st.urgeon. 

Adhesive eggs 

Adults die after 
spawning; spawn in 
major trib. over 
fine sand to which 
eggs adhere. Caught 
by hand dip-netting; 
popular sport and 
food fish during 
short spawning mi-
gration period. 

Demersal 

Exotic sp. spread 
north from Sacra-
men to R; eggs re-
leased freely into 
water; some repeat 
spawning but many 
die after spawn-
ing; roe is valu~d; 
not an important 

(cont.) 
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American Shad (co'ntinued) .. 

Striped Bas·s 

Exotic sp .. spread · S,P 
north from Sa
cramento R. del-
ta and San Fran- . 
cisco Bay to t\ash., 
in-Coquille R. & 
Coos Bay but not 

· numerous north · 
of'Umpqua R. Land-. 
locked in some ' 
large Calif. re~ 

servoirs •. 

Largemouth Bass 

Warmwater Lakes 
and reservoirs, 
'Calif. to B. C. 

S,P 

Smallmouth Bass 

Female
S yrs. 
male.;. 
2 yr:s •. 

1•2 yrs. 
(9-10 
inches) . 

Scattered warm- , S,P • 2-3 yrs~ 
water streams, 
lakes, and re-
servo~rs; Calif. 
to B.C. Not com-
mon in northwest 

White. Crappie 

Warmwater lakes, 
reservoir's, ·and 

··river sloughs,. 
·Calif. to B.C. 

S,P 2-3 yrs. 
N when 
over
popu
lation 
occurs 

20. 

-Ql 
00 
c 
co 
~ .._.. 

. 
4-l 
:t 

1 1/2-80 
lb. (av. 
8 lb.) 

-Ql 3 ...... 00 . 
0 c '""'~ co 00 . ~ c c: 
0'-' ..-1 ..-1 
z ~ 

U) Ql co . 00 e Ql 
::> 00 ..-1 ~ 
<r;.J !-<'-' 

900,000 Varies; 
(9 lb. some stay 
fish) in fresh 

(av. size, and 
1. 28-1.3F mm) brackish 
(Swells ?-1/2Water; 
time5 in 12 many mi
hrs.) grate to 

l/2-10 lb. 
(av. 2-3 
lb.) 

l/2-5 lb. 
(av. l-2 
lb.) 

1/3-4 lb. 

5,000-
8,000 

2 ,ooo
s.ooo 

2,000-
14,000 

ocean in 
fall at 
2 yrs. of 
age. 

Life 

Life 

Life 

c 
~ 
OJ 
u 
0 

c 
..-1 

Ql 
e 

<.-I 
E-< 

Varies, 
usually 
less 
than 1 
year 

-

' I 

I 
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CIS 
1\1 ,... 
e: Oil 

..-1 ..-1 
E-<:::;: 

Upstream 
annually 
in April
June for 
spawning 

C1l ,... 
"'0 :I 

C1l ~ ,... ttl ,... ,... 
C1l Ill ..... 0. 
~ = ,... Ill 
P...E-< 

64-68°F 
spawning 

Oil 
c 

..-1 
c: 
:l C1l 
ttl = o. .... 

tilE-< 

April
June 
(peak in 
May)· 

Spring, 
water temp. 
above 60°F 

Spring, 
water temp. 
above 60°F 

March
July 
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I 
CIS 

..c 
:I 
u c: 
c 0 ........ 
~ 

Oil 
·oo 
t:J 

.5 days at 
66°F, 
2 days at 
72°F 

~ 3/4 days 
at 6rF.; 
3 1/2 days 
at .71 °F; 
2 1/i.'days 
at 78°F 

e: 
.. ttl c 

C1l 0., 
,.....-~ 

~ ~ 

Ul ttl 
c: ,... 
:l Oil 
0 .... 
c:z 

Late 
summer 
and 
fall 

No 

No 

Ul c: 
~ 0 
U]· 

::> u:~..:: 
I ~ Ul 
1 u .... 

·U] Ill"'-
..:.: ...... 
,... ..... ,... 
ttlt:.l ill e: -llJ ,... ..... 

0:: 00 

fresh food fish; 
some filleted and 
smoked; good sport 

.fish. 

Demersal 

Eggs released 
freely into wa
ter and carried 
by currents during 
incubation; pre
daceous on small 
fish; excellent 
spo;-t ·and food 
fish. 

Nest builders 

Important sport 
fish; ·very pre
dace..:ius and can
nibalistic 

Nest builders 

Good sport fish 
in s9me sluggish 
streams and im
poundments. 

N~st build.:rs 

Adaptabl~ to tur
bid water where 
they predominat~ 
over black crappie. 
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Black Crappie 

Waimwater lakes, S,P 2-3 yrs. 
reservoirs, and ".N .wh~n 
river sloughs~ over-
Calif. ·.to B~C. popu-. 

Bluegill 

Warmwatet·pori.ds, 
)akes~ reser..: 
voirs, · atj.d 

. sluggish 'streams 

Pumpkinseed 

Moderately warm 
ponds,. lak~s,. 
reseryoirs, and 
sluggish streams 
having abundant 
aquatic vegeta
tion, Calif. to 

.. B •. c. 

lation 
occurs 

. S,F 
N when 
over
p()pu
lation 

.occurs 

S,F 
N when 
over
popu
lation 
occurs· 

Green Sunfish 

Warmwater lakes, 
reservoirs, and· 
sluggish strea~s, 
Calif. to Wash;. 

s., F, P, 
N. wheri 
pver
popu-. 
lation 
occurs 

Sacramento Perch 

1 year 
plus 

1 year.· 
plus 

1 year· 
plus. 

Calif •. and ~ev., 
slou'ghs and. sl,ug
g'ish river chan
nels, clear lk. 
in Calif;, 

S,P l-2.yrs. 

(cont.) 
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l/3-.4 lb. 

1/8-1/2 
lb. 

1/8-1/2 
lb. 

1/8-1/2 
·lb •. 

1/4-3 lb. 

-Q) · .. 
..... . 00 . 

0 = . 
. ·. ttl 

,; .!oofl 
0'-' z 

C/l 
•00 . > 00 

<.::.J 

20,000-
6.0,000 

3,000 
(av. si7.e. 
l. 04 T'!'l!':,) 

1,500 

i.soo 

84,000 

0 r:.. ,...... 
,00 

c c 
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E w "'"' ,... •' E-< ........ 

Life 

Life 

Life 

Lif~ 
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75°F growth, March-
58-640F July 
spawning 

60-80°F April-
for growth, Sept., 
above 68°F peak 
for May-June 

~ spawning 

I 
60-70°F April-
above 68°F Sept., 

~"I for peak 
spawning May-June 

'-·jl ...... 

' Spawn May-Aug., 
above 60°F peak in 

J, 60-70°F June 

.1.: 

i-1ay-Aug. 

!1 .. 

I~ 
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32 hrs. at 
72-74°F 

3 days at 
82°F 

e 
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~ 0 
w-.-1 
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No 
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Nest builders 

Predominate over 
white crappie in 
clear waters. 

Nest builders 

Good forage fish; 
very prolific; good 
pond sport fish. 
Maturity is based 
on size rather than 
age. 

Nest builders 

Adaptable to cool
er water and more 
aquatic vegetation 
than bluegill. 

Nest builders 

Adaptable to cool
er water than other 
sunfish; often com
pete with trout in 
reservoirs; hybri
dizes readily with 
other sunfish. 

Calif. native spe
cies; no lo'nger 
abundant due to eg~ 
preciacion by exotic 
species; noc widely 

. (cone.) 

u 
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Sacramento Petch (continued) 

Pyramid and 
Walker Lakes 
in Nev. 

Channel Catfish 

Warmwater lakes, 
· reservoirs, and 

streams; Calif. 
to Wash, 

White Catfish 

s 5,-8 yrs. 

Warmwater lakes, S,C,P 3-4 yrs. 
reservoirs and 
large· streams in 
Calif. ; widely 
distributed; abun-
dant in Sacramento, 
San Joaquin R. 
delta. 

Yellow Bullhead 

Warmwater lakes, s 
. reservoirs, and 
sluggish streams; 
Colorado R. ·in 
Calif., scat
tered areas in· 
Oreg. and Wash. 

Brown Bullhead 

3 yrs. 

Warmwa·ter ponds, 
lakes, . reser
voirs, and slug
gish streams; 
Calif. to B.C., 
abundant. 

S, 3 yrs. 
N when 
they 
over
popu
late & 
bee: orne 
stunted 
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1/4-13 1/2 
lb. 

1/4-3 1/2-
lb. 

1/4-2 l/2 
lb. 

'l/4-3 lb. 
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""" eo 
0 c 

111 . ,.. 
o-:z 

Cll . eo 
> eo 

<(I:.W 

4.000-
40,000 

(av. size, 
3.7 rnm) 

2,000-
12,000 

2,000-
12,000 
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""'"" eo 
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Life 

Life, 
(fresh 
to slightly 
brackish 
water) 

Life 

Life 
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80°F, 
spa'I."TI at 
70-85°F 

70-75°F, 
spawn 
·above 70"F 

70-7 S"F, 
spawn at 
69°F & 
above 

7~-80°F, 
spawn at 
69°F and 
above 

0.0 
c:: 

..-! 
c:: 
~ (lj 

cc =· 0...-f 
(J)E-! 

Hay
July 

June
July. 

Late spring 
and early 
summer 

Late spring 
and early 
summer 
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..0 
:::! 
(.) c:: 
c 0 
~"'"' ..... 
c.o 
0.0 

&.:1 

9-10 days 
at 6Q-65°F, 
5-6 days 
at 77°F 

6-7 days 
at 80°F 

5 days at 
77°F, 
7 days at 
69°F 

5 days at 
77°F, 
7 days at 
69°F 

= as c:: 
(lj 0 
w..-f 

""' ""' (/) (!3 
c w 
~ Q(l 
0..-f 

·Q ::: 

distributed; stock
ing usually not suc
cessful; not a nest 
builder; eggs slight
ly adhesive. 

Nest builders 

Excellent sport and 
food fish; slow 
growth and stunting 
occurs in turbid 
waters. · 

Nest builders 

Important commercial 
and sport fish in 
Calif; prefer clear, 
open water without 
dense aquatic vege
tation. 

Nest builders 

Has rounded caudal 
fin and white chin 
barbels; prefers 
clea~ water and 
abundant aquatic 
vegetation. 

Nest builder~ 

Has square tail and 
dark chin barbels; 
brown mottl~d sides, 
·pectoral fins wit:l! 
barbed spine; pre
fers warm war.er. 

Lr 
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Black Bullhead 

:::Z...'!i1i Warmwater ponds, s, N 3 yrs. 1/4-3 lb. 2;000- Life 
lakes, reser- when 12,000 
voirs, and they 
sluggish streams; over-
Calif. to B~C.; popu-
abundant. late & 

become 
stunted 
in small · 
lakes & 
ponds. 

Yellow Perch 

Lakes, reser- S, N 1-2 yrs. 1/8-3 lb. 5~000- Life 
. voirs, and when (av. 1/4 50,000 

sluggish they lb.). 
streams of over-
moderate -temp. ; popu-
Calif. to B. C.; late & 
abundant. become 

stunted; ~ 

·=·--~ 
often 
compete 
with 
trout. r8 

Larger 
fish are 
predaceous. 

Carp 

Lakes, reser- S,C,N Male- 1/4-60 lb. 1/2 mil- Life E:i 

voirst ponds, & when 1,..2 yrs. (av. 2-6 lion-1 
sluggish streams they female- lb.) million 
of warm to mod- over- 2-3 yrs. (av. size, Ei 
erat-e temp.·hav- popu- 1. 5 mrn) 
ing .abundant vege- late. 

~ tat ion and aquatic 
nutrients; Calif. 
to B.C., in fresh 
and brackish wa-

~ ter :. abundant. 

I 
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70-80°F, 
spawn at 
69°F and 
above 

50-60°F, 
spat .. m at 
45-55°F 

68°F, 
spawn at 
60-68°F 

co 
c 
~ 
c 

"' 
<ll 

m e 
c.~ 

CIJ!-4 

April
June 

Early 
spring 

Spring & 
summer 
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5 days at 
77°F, 
7 days at 
69°F 

3-4 weeks 
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Nest builders 

Has square tail 
and dark chin bar
bels; dark brown 
sides are not mot
tled, pectoral 
spines not barbed, 
body short and 
stouter than brown 
bullhead; tolerant 
to high temp., tur
bid water, and many 
pollutants. 

Adaptable to a wide 
range of water temp. 
May limit trout 
population in some 
areas; easily 
caught. 

Adaptable to a wide 
temp. range, and to 
turbid, polluted, 
and waters of low 
dissolved oxygen; 
fast-growing in fer
tile r.:aters; mainly 
~egetarian; destroy 
aquatic vegetation ~ 

degrade ~quatic en
-Vironment. 
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Columbia River Chub or Peam'outh 
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Roach or Tui Chub 
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Extremely predaceous 
on young salmonids; 
high rate of repro
duction; competes 
for food and space 
with desirable spe
cies. A closely re
lated species occurs 
in Calif. 

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

Will tolerate salt
water; tail deeply 
forked, small barbel 
at corner of small 
mouth; competes for 
food and space with 
salmonids; predaceous 
on salmon eggs; spaw~ 

in both lakes and 
streams. 

Several sub-species; 
slow growing; very 
prolific; often eli~i
nate t:rout: by co~?eti
tion and overcro~ding; 
provide forage for 'ass 
and trout for 2 years . 

... --.. 
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Largescale Sucker 

.:';;f..::_:.;j Lakes, reser- N Male- 1/4-5 lb. 10,000- Life 
voirs and when 5 yrs. (av. 1-2 20,000 
streams of over- ·female- lb.) 
the coasts of popu- 6 yrs. 
Oreg., Wash., lation ;r;c 

and B.C.; occurs 
abundant. 

- ·-·~. 

Brid~eli:e or Columbia Small-Scaled Sucker 

Klamath, Co- N S-6 yrs. 1/4-5 lb. 10,000- Life 
lumbia, and .when (av. 1-2 20,000 
Fraser River over• lb.) 
systems, usu- popu-
ally in run- lation 

. ning water; occurs 
abundant. 

·Redside Shiner 

Sluggish co a- F, ~ 2-3 yrs~ 1-3 oz. Life 
stal streams,. .when 
ponds, lakes,. over-
and reservoirs popu-

...,...~ in Calif., lation 
Oreg., Wash •. , ·occurs 
and B.C., 
abundant. 

Dace 

Small streams F All small, Few Life 
and along shore 1/4-2 o:z:.. 
areas of lakes 
and reservoirs, 
widelydistri-
buted from 1-lexi-
co to Alaska, 
coastal and in-
land, over a wide 
range of water 
temp.; mainly 
bottom dvellers, 
usually with 
rock cover. 



I 
1 ' 

' 
' 
:'•ill 

... 
,....f 

:::l 
"0 
< c:: 

0 
..... ..-! 
0 ... 

tO 
(11 1.1 
e o.o 

..-! ..-! 
E-1::0: 

Wide range, 
spawn at 
53°F 

April
May 

Late 
spring 

May-Aug. 

Spririg
-early 
summer 

31 

I 
!0 

.t:J 
:::l (.) = c:: 0 
~ ..... 
0.0 
0.0 

t::.l 

... 

2 weeks 
at 55°F 

e 
tO c:: 
(11 0 
1-1..-1 
.u u 
til tO' r: 1.1 
:l 0.0 
0 ·~ o:z 

Very prolific; com
pete for food and 
overcrowd desirable 
species. 

Competes with more 
desirable species. 

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

Several species; 
small (under 6 inches) 
minnows; may compete 
with fingerling sal
monids for food; 
solitary (non-school
ing), not an impor
tant forage fish. 
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Slil':h":ly 
adh~sive 

Occu:- onlv in 
small strea:::s 
& lake~ at ;;i~:: 
altitudes of 
Sierra Nevada. 
Verv hi2'hlv 
colored. ~io 

golden -::rou<: 
e?2'S sh!noec 
·~.;;..;~~·"a, :.;: 
-:·r;~}~:-::~~-- • 

!l:ainh· · :..n la" es 
& larP"e, shal-
low reservoirs: 
also thrive in 
lar~e rivers. 
Reouire abund-
ant t=ora~7e Fish 9 

as .:dz:.arc or 
threadfin shad. 
Female lays de~
ersal adhesive 
ef~S ~ear sur~acP. 
thRt sink & adhe~e 
to reck~ nne ve~~
tat:!c; .. 



Fish Species 
(Common & Scientific 

·Names) · 

Paddlcf_ish· 
rol}'dori spathula 

Longnose gar 
I.cplsos'teus ~ 

Alewife 
Alosa pseudoharengus 

. '•, 

BIOLOGICAL INFORMATION ON SOME COf1MON SPECIES IN CONTINENTAL UNITED STATES 

Spawning · & Egg Inc'uba . .!:t~i~o!!n ___ --:S:!..:i~z!:!e~&L.!'N~u~m~b:!:ec!:.r~o.:.f--l<Eg11gfl:s2-_,..-..;__.,....!L~a~r..;:v.!!a:!:e~S.!:f.::z::e _____ ~O:.::t:!!h::e,:.r_P:.:e::::r:..t::::i::.:'n~e::.:n:.:t::.....:Io.::ri::f:.::o:..::r.:;;m:.::a:.::tc:i:::.o.:..:nc..·_._ . .:.__ 

Upstream spawning migration 
starts when·water tempera
'tun! reaches 50°F (10°C) & 
river is lowering & currents 
are weakening. .. · . : 
Spawning occurs over .large 
gravel bars Ln rapldly-
f lowing water. ' 
Eggs hatch i~ 7 days or 
less at 62.5-70°F (18-21°C)~ 

Spawning. occurs in shallow 
. waters of lake & large 
streams (over vegetation)· 
in late spring or early 
summer. 
There is evidence of up
stream spawning migrations 
during spting·freshets. 
Group ·spa~ning believed to 
take place·. · 
6 to 8 days for egg in~u
bation; 

T'ime of spawning ranges from 
April to mid-duly. · · 
Spawning occurs in lakes or 
streams .'above the influence 
of salt water, at night & 

Fertilized egg diameters 
range from 2.7' to 4.0 mm, 
averaging 3.0 mm. · · 
·Average fecundity ·deter
mined from spawning two 
fish was 315,000. · · 

Egg diameters range,from 
2.1 to 3.2 mm. · 

·Fecundity for 30.2.,. to 
53.9-:irich (76. 7- to' 137 .o
mm) females was 4,273 to 
59,422, wi'tb an average· of 
27,1130. 

Average diameter -of unfer
t'ilized eggs .is ·0.9 mm. 
Freshwater female's ·fecun
dity ranges from 10,000 to 

. 12,000. 

Median f.ry lengths 
range from 8.0 to 
9.5 mm, averaging 
8.2 ,mm. 

Approx. 8mm • 

. · .. 

Unfertilized egga.sre non~dhe~ive. 
Fertilized eggs form a'sticky coat
ing, causing them to adhere to any-

: .thing with which they come in con
tact. · · 
Sac·· lar.vae exhibit continuous er
·ratic swimining, from bottom to 
surface. · 

.Eggs are adhesive & scattered.ran
dOJ!IlY at spawning, becoming attach
ed to vegetation. 
·sac fry can swim but are. relatively 
inactive,. ha11ging vertically for 
long periods, attached by their 
adhesive structure ·to objects· in the 
water-. 

'Yolk sac is absorbed in 7 days. 
Yo1,1ng grow rapidly, possibly six. 
times·as fast as young of other North 
American freshwater .species. 

Adults are noted to negotiate rapids 
and Ushways .be.tter than American 
shad and to migrate further upstream. 
~lewives move inshore at night .& off
shore during daylight hours • 

j 



Fish Species 
(Common & Scientific 

Names) 

Alewife 
Alosa psuedoharengua 

Gizzard shad 
Do rosoma ccped !anum 

Cisco 
Corcgonus artedii 

Spawning & Egg Incubation 

over sandy or gravelly 
bottoms in pairs or groups 
of three. 
Eggs hatch in 6 days at 
60°F (15.6°C) or in 3 days 
at 72°F (22.2°C). 

Spawning occurs at temper
atures of 63-73°F (17-23°C) 
in spring or early summer 
over a variety of substrates 
ranging from boulders & gra
vel to beds of silt and sand. 
Eggs hatch in 95 hours at 
62"F (16.7°C) or in approx. 
36 hours at 80"F (26.7"C). 

Spawn in the winter at temp
eratures at approx.39.0-
4l.00F (4.0-5.0°C), with a 
peak number of fish spawn
ing at 37.9°F (3.3°C). 
In inland lakes, fish spawn 
over almost any kind of sub
strate, but often over a gra
vel or stony substrate in 

Size & tlumber of Eggs 

Salt water female's fecun
dity ranges from 60,000 to 
100,000. 

Diameters of mature eggs in 
ovaries range from 0.45 to 
0.55 mm. 
Fertilized eggs after fixa
tion were 0.75 mm. 
Fecundity ranges from 22,405 
to 543,912, averaging 
379,000 eggs. 

Fecundity ranges from 6,000 
to 29,000. 
Egg diameter ranges from 
1.8-2.1 mm (eggs taken from 
the body cavities of partly
spent Lake Erie females). 

Larvae Size 

Average hatching 
length of yolk 
sac larvae is 
3.25 mm, with body 
depth estimated at 
0.2 mm. 
Larvae body shape 
is long & slender 
(10.8 rnm TL). 

Other Pertinent Information 

Eggs are broadcast at random, are 
demersal & are essentially non
adhesive. 
Adults move to deep water after 
spawning where they remain through
out winter. 
Annual mortality in the Great Lakes 
is probably caused by fish's inabil
ity to adjust to rapidly-changing 
temperatures. 

Eggs, although demersal, often drift 
with the current. As they are ad
hesive, they attach themselves to any 
o!Jject they contact. 
After the 20-mm stage of growth, the 
gizzard shad's shape begins to change 
to the adult form. 
It is one of the few native species 
that can subsist solely on vegetative 
material. 



Fish Species 
(Common & Scientific 

Names) 

Cisco 
Coregonus orted11 

Pygmy whitefish 
l'!'osopium ==.:..=.~ 

Rainbov smelt 
Osmerus mordax 

Spawning & Egg Incubation 

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 water 210 
feet deep. 
Hatching occurs at spring ice 
breakup, 92 days incubation 
at 42"F (5.6°C), 106 days at 
4l"F (5°C). 

Spawning is assumed' to take 
place in shallow water of 
streams or lakes during late 
fall through early winter. 

Spawning migration to rivers 
and streams begins in spring. 
Eggs hatch in 2-3 weeks, de
pending on temperature. 

Size & Number of Eggs 

In Naknek River, Alaska, 
diameter of mature eggs in 
the ovaries was 2.4 mm, and 
2.0 mm in Lake Superior. 
A 5.1-inch {130 mm) female 
in Lake Superior averaged 
440 eggs while same-sized 
female from Naknek River 
averaged 580 eggs. 

Average egg diameter was 
0.9 to 1.0 mm. 
Fecundity for 5.0- to 8.2-
inch (127-209 mm) females 
ranged from 8,500 to 69,000. 

,_ 

Larvae Size 

5 mm long at hatch
ing. 

Other Pertinent Information 

Some live their entire lives in 
freshwater lakes. but normally 
are anadrornous, returning to 
freshwater rivera to spawn. 
They are sensitive to light and 
are often found along the bottom 
during daylight. 

.... 
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Fiah Species 
(Common and Scientific 

Names) 

Northern pike 
Esox lucius 

Muskellunge 
Esox masquinongy 

Utah chub 
Gila atraria 

Spawning & Egg Incubation 

Spawning occurs in the spring 
as soon as the ice melts when 
water temperatures are 40-52"F 
(4 .4-ll.l"C). 
Spawning generally occurs dur
ing daylight over weedy marsh
es, floodplains of rivers, and 
bays of larger lakes. 
Eggs usually hatch in 12-14 
days. 
At 64-68"F (17.8-20°C) eggs 
hatched in 4-5 days. 

Spawning occurs in April-May 
when water temperatures are 
49-59"F (9.4-15"C) with opti
mum of ss•F (12.8°C) during 
the day, in weedy, flooded 
areas in water 15-20 inches 
deep. 
Eggs hatch in 8-14 days at 
temperatures of 53-63"F 
( 11.7-17. 2"C). 

Spawning occurs mainly dur
ing late June or July in 
Montana when water tempera
tures are above 53°F (12°C). 
Spawning occurs in 2 feet 
(60 em) of water over various 
bottom types, but most eggs 
were recovered from sand and 
gravel bottoms. 
Eggs hatch within 2 weeks. 

Size & Number of Eggs 

Egg diameters range from 
2.5-3.0 mm. 
Average fecundity is 
32,000 eggs. 

Diameters of fertilized 
eggs range from 2.5-
3.5 mm. 
Fecundity ranges from 
6,000 to 265,000, averag
ing 120,000. 

Larvae Size 

6-8 mm long at hatch
ing. 

9.5-10.3 mm long 
at hatching. 

Egg size is 1.04-1.17 rnm. 1.69-2.67 ~~long. 
Average fecundity is 40,750. 

Other Pertinent Information 

Pike occur throughout the northern 
hemisphere. Eggs are demersal and 
initially adhesive, forming clumps 
that break apart in 5 days. 
Newly-hatched fry attach to vege
tation by adhesive glands for 6-10 
days, subsisting on yolk material. 
Growth is rapid in young: 1-month 
fish are 1-3/4 inches (43 mm) and 
are 6 inches (152 mm) by the end 
of summer. 

Young reach 6 inches (152 mm) in 
10 weeks and are 10-12 inches 
(254-305 mm) by November of their 
first year. 

Eggs. are adhesive and demersal. 



Fish Species 
(Common ancl Scientific 

Names) 

Silvery minnow 
llybognathus nuchalis 

Bridle shiner 
Notrupls bifrenatus 

Spottail shiner 
Notropls hudsonius 

Rigmouth buffalo 
Ictiohus cyprinellua 

Spawning & Egg Incubation 

Spawning occurs in late April 
to early May when water temp
eratures are 55.4-68.9°F (1J.0-
20.50C). 
Fish spawn in daylight, broad
casting the eggs over decaying 
vegetation in water 2-6 inches 
deep. 

Spawning occurs from late May 
to mid-July in New Hampshire 
and from early May to 
August in New York State. 

Spawning occurs inshore dur
ing the spring and early 
summer. 
In Lake Erie, fish spawn at 
depths of 3-4 feet. 

Spawning occurs from mid-May 
to early June and peaks at 
water temperatures of 60-
650F (15.5-18.]°C). 

Size & Number of Eggs 

Egg diameter is 1.0 mm. 
Fecundity ranged from 2,000 
in a 2-1/2 inch (60 mm) fe
male to 6,600 in a 3-1/2 
inch (90 mm) female. 

Diameters of eggs range 
from 0.8 mm-1.5 mm. 

Average egg diameter is 
0.8 mm. 
Fecundity of yearlings 
ranged from 100-1,400 eggs 
and of 2-ycar-olds ranged 
from 1,300-2,600 eggs. 

Diameters of preserved eggs 
ranged from 1.2-1.8 mm. 
Fecundity of 26.2-inch 
(665 mm) female was 750,000. 

Larvae Size 

Newly-hatched larvae 
are 6 mm in length. 

Yolk sac larvae 
length is 4.1 mm. 

Putative yolk sac 
larvae is 5 mm in 
length. 

Other Pertinent Information 

Prior to spawning, adults migrate 
from the lakes or rivers to slow
moving, lower reaches of tributary 
streams or well-vegetated lagoons. 
Eggs are nonadhesive. 
Yolk sac larvae stay near the 
bottom, while larvae rise to the 
surface snd concentrate in small 
schools usually among emergent 
vegetation. 

Eggs in ovary mature progressively 
during the spawning period. 
This is considered an excellent 
forage fish because of its small 
size and relatively weak swimming 
ability. 

Often the most abundant minnow of 
northern lakes. 

Eggs are adhesive and attach them
selves to vegetation after being 
scattered at spawning. 
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Fish Species 
(Common and Scientific 

· Names) 

Higmouth buf.falo 
Ictiobus .£Y£!1nellus 

Golden redhorse 
Moxostoma erythrurum 

Threespine stickleback 
Gasterosteus aculeatus 

Spawning & Egg Incubation 

Fish move out of lakes and 
large rivers to spawn in small 
tributaries, marshes, or flood
ed lake margins. Spring fresh
ets and flooding seem to be nec
essary to initiate spawning ac
tivity • 

. Eggs hatch in approx. 2 weeks. 

Spawning occurs over riffles in 
the main stream of a- river· in 
springtime when waters reach 
59-60"F (15-15.5°C}. 

'Eggs are b~oadcast over the 
stream bottom. 

Spawning generally occurs in . 
June or July, but breeding· 
continues throughout the sum
mer (April-September, inclu-
sive). · 
Male constructs a nest of 
twigs and other debris on the 
bottom, usually in a san.dy, 
shallow area. 
Hatching occurs in 7 days at 
66.2"F (19"C). 
Females lay from 50-200 eggs 
during spawning, but often 
spawn more than once in a 
season. 

Size & Number of· Eggs 

Diameters of mature eggs from 
ovaries were 2.2-2.6 mm, with 
an average diamter of 2.4 mm. 
11.5-15.7 inch (292-399 mm) 

·females average egg number 
ranged from 6,100-25,350, 
llith.estimates to 35,000. 

Egg diameters range from 
1. 5-'1. 7 mm. 

Larvae Size 

Newly-hatched larvae 
are 4.2-4.5 mm long. 

Other Pertinent Information· 

NearlY circumpolar in distribution .• 
The barrel-shaped, hollow nest is 
held ·together by a mucilaginous 
kidney secretion. 
Eggs are adhesive and ar.e laid in 
small-clusters inside the nest. 
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Chapter 6 SWIMMING SPEEDS OF ADULT AND JUVENILE FISH 

In the development of fish facility structures, three aspects of 

swimming speeds are of concern. 

l. 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. 
1!. .,.. <::.. 

Exhibit A)shows the relative swimming speeds of selected species, and 
.b . 

Exhibit~ shows the swimming effort of sockeye salmon fry at Chilko Lake. 

Fish normally employ cruising speed for movement (as in migration), 

sustained speed for passage through difficult areas, and darting speed 

for feeding or escape purposes. Each speed requires a different level of 

1 · muscular energy, and it may be assumed that there is a 1s per cent loss in 

the transfer of muscular energy to propulsion. 

The force on the fish may be considered equivalent to that associated 

cl 

I 
with any object, Edthe:r moving within water or stationary in movinf' water. 

I , 

Energy involved may be computed by the following equation. 

where r = force (in pounds) 

cd = drag coefficient = .2 

Area = cross sectional area in square feet 

W = weight of water (62.~ pounds per cubic foot) 

V =summation of velocities in feet·per second 

g = gravity (32.2 feet per second per second) 

I'· 
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Thus, force through a distance gives foot-pounds and can be converted 

to British thermal units or calories. 

As energy requirements are related to the square 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 indi-

cated that fish may recuperate rapidly after exhaustive .exercise. 

Conversely, it has been noted that up to 2 hours are require~ for fish 

to recover and assume normal movement after tiring exerciseo 

Ari 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 recen_t investig:ations in which 

.. l~ng~hs of fish were used as a·measure. 
,· ,- ·~~ , . .:-r YF-·:·_· 

-"-,;:- :_;;.- "'{·-:·· 

The data indicate that a fish's cruising speed level may be 15 to 20 

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 thefollowing formula and comparing-the 

resultswith the results of the swimming tests. 

where V -.initial velocity in feet per second (at wqter 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 (a delta difference of less than· .1 fps) and_, hence, ~ay seek and 

find the most favorable areas, which makes it difficult to use average 

velocities in determing the effects of sw5mming speeds. It is sup.~ested 

that normal distribution curves be utilized for this purpose. 

r 

1 

' 
I 
I 
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Adults frequently seek higher velocities at obstructions, which may 

be utilized to attract rhem to fishway entrances. Such velocities should 

be well under the darting speed of the species and sizes involved but may 

exceed their cruising speed. 

Swimming speeds are affected by available oxygen and swimminf!; effort 

may be reduced by 60 per cent at oxygen levels of one-third saturation. 

Oxygen levels also affect other functions of fish. 

Temperatures at either .end of the•>optimum range for any species 

affects swimming effort. A graphic pr.esentation (Exhibit ~) has been pr.e-

pared from Reference 16 and shows that a reduction of swimmin~ effort of 

SO per cent may occur as a result of adver.se temperatures. 

In dealing with problems at specific sites where swimming speed is. 

important, such as the protection of juveniles ahead of protective screen~ 

ing or the guidance of fish (both adult.and juvenile), the effects of 

temperature· ,and oxygen l1J'l!St be evaluated • 

As fish sense chang~s in velocity, they may avoid moving from.one 

gradient to another,.particular from a lower to a higher. gradient. When 

guiding or directing fish, smooth transitions and accelerations are 

desirable in order to prevent them from stopping, hesitating or refusing 

to enter a particular area. 

It is assumed that fish use visual references in 1;heir movements and, 

therefore, behave differently in darkness than in light. Stimuli other 

than velocity may guide the fish's movement within e•tablished levels of 

cruising and sustained speed. Downstream migrating fish may lock into a 

velocity and be swept along at speeds that are well in excess of their 

cruising speeds. 
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In the design of upstream facilities, velocities must be kept well 

below the dartin~ speeds for ~eneral 'Passage. 

A means of determining the·time that fish are capable of main-

taining various speed~ is given below: 

Sustain eel 

Swimming 

Vc=l/6Vm 

j 

I 

Speed (ft/sec) 

Vs=l/2Vm 

Darting 

1 
I . 

I 

I 
I . 

vm 

l = lower limit · · 
u = upper limit 

cd.A.62.4 lbs k = ......;;;.. ____ _ 
2g 

assuming Cd does not vary throughout 
the swimming ranges. 

, 
A = Cross sectional area in square feet. 

Vm~ Maximum swimming velocity in feet per second. 

D(Swimming Distance) = VT 

Work = kV2D or kV3T 

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 relationship 

whe~e kV~Tm = maximum energy factor at optimum temperature. 

• 

\0 

!-; 
Ql 
oLJ 
Q, 
«< .=· 

t.:l 
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Velocities should not be averaged as the energy factor varies with 

.the square of instantaneous velocit~. Pulsing velocities can .increase 

the instantaneous energy requirements by four times throughout the 

darting speed range. This may acco~t for. the variati~ns in performance 

time found in the tests on swimming speeds. Because·of turbulence and 

pulsing, a maximum darting time of. 7-l/2 seconds is a suggested value. 

··:3 As fish are capable of swimming· for hours at ·the upper ranges of their 

'i 

....... -

cruising speeds, it is assumed that no oxygen deticiency occurs at this .·. 

~evel. Above this level, fish apparently.are not capable.of passing 

water over their gills at the rate necessary to obti\iin the increased. 

oxygen required for the additional energy expenditure. 

In.addition to .the effects of oxygen and temperature, swimming per-· 

formance is. also adversely affec~d . by various pollutants •. Selected 

· references are included to indicate the source material for those 

pollutants that are 6f major concern. 
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, . SPAWNING CRITERI.\ 

The ~eneral reauirement is an environment in which the adults are 

abl.e to spawn with a minimum of molestation. 

The. spawninp habits of the most com~on snecies rnav be separated into 

three types: 
.~ 

1. Nest huilders, .includin~Y salmon~ trout, char, cati='ish and 

~'11 most s~ecies of bass. 

2. The~nuo that nroduces c!emel"sal or free ... floatin~ eprrs and 
'll 

larvae which develoo ranidly in the current. (Well..:knO\-IT'l 

exarnnl~s of this type are the stri~ed bass and tloe Americ::m 

shad.) 

-: 3. The species that reproduce by means of adhesive egp:s that 

i 
attact themseives to a~uatic plants or submer~ed rocks P.~ter 

extrusion. (Cc~on examples of this type are the Sacra~ento 

· r.erch, Colurr:bia P.iver· smelt or eulachori, the surf srr.elts and 

other members of the family Osmeridae,, ·and manv of the minnow 

(Cv~rt~idae) and ~erch (Percidae) f~milies. 

Tr.e latter two t'~es c~ reproduction (rree-floating demersal e~~~ and 

adhesni ve ep-r·d are hath sub-lect tc- hiP"h los~es from prP.dat.i rm <md environ-

mental variations. ~cnseouPntl y, l:tl"f"E' .nurrJ::ers. of e!7;rs and larv:~£> must be 

! . produced :in order that a ~ew mayd'evelofl tn rni!turitv. 

Salmon and trcut are !'Tavel .nest huilciers and, ,,•hlle shnd e!7!"'S are 

demersal and smelt er~s are adhesive, all of these srecies re~u=r~ cl~3n 

n-avel or sand for successful soawninP'. 1-'uch of tl-e I"E'>neral ir. .ec:-rT:'~t: ~n is 

briefed in the chapter, ''Useful ractors in the I..i fe H.istorv of. t~e .1-'ost 

Common Snecies," 



2 

As oxygen is a requirement for egg.development and for support of 

newly-hatched juveniles~ st:i-eams that have oxygen levels of near 
.·' . ' ' . 

saturation are the be.st pr9ducers., See chapter, "Water Qualityo" 

Supersaturation of nitrogen above a level of 104 ppm iS dangerous .. · 

Silt has a negative effect o~. spawning conditions. · This iS 

described in the chapter, "Silt and Turbidity." 

In general,·salmon and trout spawnin the same gener;;tl stream 

areas, with depth factors somewha·t.conunensu:rate with the weight of the 

fish.- ·Trout select areas ranging from 6·inches to 2.5feei ·in depth; 

salmon spawn between ranges of 9 inches and 3.5 feet. 

GE:merally, the velocity at the bed of the stream (over the spawn~ 

ing bed)· is less than the sustained speed of the fish. See chapter, 

"Swimming Speeds of.Adult and Juvenile Fish," which givesvelocities 

ranging between 1.5 and 3 fps. As stream bed composit.ion is a fac.tor 

of slope and flow (quantity) the spawning bed composition may vary as · 

shown in the chapter, ••Artificial Spawning ·Channels," (. 75 inch to 

4 inches diameter on a normal grading curve). The beds are usually 

constructed-in stable areas of a stream at riffles or reaches. Deposited 

eggs may be dest.royed if the beds become dried; frozen. or devoid of 

oxygen during the incubatio.n period~ Eggs kept damp and supplied with 

oxygen will ha.tch, but the newly hatched fry require flowing water for 

survival .. · 
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The redds vary in size as shown in the following tables 

*Approximate weight in pounds, average area of redds, and area 
recommended per spawning pair for artificial spawning chan
nels, for several species of fish by various authors. 

Species 

Olinook. 
a. summer & 

fall run 
b. spring run 

Coho 

Chums 

Sockeye 

Chinook 
(spring run) 

Pinks 

Trout 

· Approx. 
Average 

Reference Wt.-lbs. 

Burner 25 

to 15 

" 9 

... 10 

" 3 

Chambers 
et al 

Hourston & 5 
1~cKiMon 

Stuart 1(?) 

Average 
Area of 
Redd -
sq.yds. 

6.1 

3.9 

3.4 

2.7 

2.1 

.13 

0.7 

0.3 

Area recom
mended pe:r 
spawning 
pair-sq. yds. 

24 

16 

14 

:-__ l-1''' 

8 

0.7 

2 

*Clay, -C. H., "Design of fishways and other fish facilities." 
Canada Department of Fisheries, Ottawa. 1961. 
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During the spawning act. a defense area against encroachment is 

enforced. by the spawning pair .. The general size of this area is shown·. 

on the table.on Page 2. In the best spawning areas superimposition of 

redds by late spawners may occur. The eggs are laid in clusters and 

covered by gravel. A square foot of good spawning bed contains frorr: 

125 to 200 eggs. False redds may be dug and abandoned; pink salmon par= 

ticularly are noted for this phenomenon •. · When spawning grounds are 

overcrowded, spawning may occur in undesirable areas, resulting in lit-

tle or no production. If fish are denied·access to proper spawning 

grounds~ females may die unspawned or the eggs may be deformed .. 

As temperature is a major factor in success of spawning~ the 

conditions shown in the chapter, "Temperature - Effects on Fish," are 

necessary .for reproduction. During their te11der stage,. eggs are 

particularly sensitive to adverse temperature changes, 

The physical measurement's 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 of runs and temperature requirements. Absence ·of one of these 

. factors is sufficient to negate the effectiveness of others. 

Anadromous stoc.lc.st which do not feed from their.time of entry into 

fresh water, live on their stored energy. The folloydng table shows 

the general energy utilization, although this varies among species and 

distances from salt water. 

.& 
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Per. Cent Energy Utilization 

Life maintenance 

Swimning 

Nest building activities 

Gonad and egg development 

Residual (at death) 

Males 

60-70 

10~12 

·1-2 

5-6 

8-10 

Females 

50-60 

10-12 

3-5 

16-18 

12-15 

As noted in the above table, life maintenance requirements 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 the chapter, "Temperature - Effects on Fish." 

If the temperature is elevated during migration or spawning, the body 

requirements for life maintenance may exhaust the available supply of 

energy and result in early death prior to spawning. It has been noted 

that a sudden drop in temperature will cause all spawning activity to 

cease, which can result in lowered nest building activity and reduced 

production. 

A means of computing energy requirements for swimming is shown in 

the chapter, "Swim'Tling Speeds of Adult and Juvenile Fish." 

The energy requirements for gonad and egg development can be·com-

puted from the weight of the sex products. 

The energy requirement shown for nest building is an approxirr~tion, 

computed from the swimming activities. 
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Exhibit C indic~tes the advance of the spawning bed as the nest 

building continues. The eggs are laid in clusters and subsequently 

are covered witR 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. 

Exhibits A and B depict one method of evaluating the area of the 

stream bed utilized by fish for spawning.. As velo.ci ty and depth are 

both limiting factors, they .both must be within the optimum rangeo 

Similar techniques have been developed by other·agencies and are 

equally useful. 

Exhibit D shows one method of determining flow requirements. 

Exhibit E gives another approach to the problem of determining 

optimum flow. (Reference no. 41) The formulae give a range of flows. 

Rainfall and runoff timing are widely variable, requiring that the 

computed flow be compared to gaging data. to select the best fit 

for an individual stream, or for a section of a stream within a water· 

shed. Under certain conditions~ the use of any one formula may give 

an amount in excess of the available flow in a stream. section. 

' - -~··~----------~--------~ 

t 



I -,. 
I 
·:~ 

I 

I 

: ' 

A 

WATeR 

VELOCiTY l;J5TRIBUTION 
CURVE 

S'E\...ECTE!:l Ol'>Tifll'lr./M RANGE OF 

VEJ..O<:.IT'Y FOR S?ECI'E.S . lo\.1 

STREAM_ 

VELOCITY 

· OPTt"fUM t:>E?TH RANcE!. ·. 
wl'!:::n·'l1 OF c~oss .:sl:tc::.T,o/4 coN~~NNii · _ _ · 

0-,~------------~W~AlE~~~S~u~R~F~A=C::.c~L-------·----~-----~----~~~~ 

·DEPTH 

SEJ...E'-TS.D oP'nmuM RA~J.c,e. 
FOR SPECLES 11-1 .· 

~FISH VEL.OC.ITY-TAKE.M AT SPAwNn .. u;-DE'PTI-\,.~,'e.. o.-4t=t A&:wEBSTOf.1, 

. ~it- t>E..PTH EX AGG E R.ATEh 'FOR CLAR.rrt ON TH l S tit A.G R.A M · 

METHOb OF- .A.?PLICATION OF O"f:>T!MUM 
C'R\TER!A TO. A "PA.R.T!CU LAR STUD'\/ SEC..TIO~:·· 

Wa:s)'linston 5tate. De.pa.-1-W~E!../\t ot F i~he.~-(~. 
1h·a .... l'\ •• 1'2. • 1.9· G. 7 b)'! .)c-,A.c.Ee. 



B 

1~00 
. \ \ \ 

.. 
,. 

\ 
\ \ 

. 140.0 K \ \ 
VcWr !TV J. Wb~ \ 

.. 
:\-VEL£ 

~ 
·~·· 

~I 

~ 
<:J 

~ 
~ 
§ 
....... 
-~ 

. . 

1200 

/000 

I DEPT II COt- ~BI.t , \ CITY .. 
uEP?JV 

. . . ' , ' \ \ . . . '\ 
. : ' .\ '• 

. '· \· \ 
- v ., 

l '• \ ., 

\ 
\ I 

.. 

\ .. ··: 

I 
\ .. 
\ 

.. \ 
I' I .. 

\ 

800 

600 

.400 

zoo 

·' '\ 

.\ 
' \. 

.\ ~·· \ . 
\ I . 

\I 
" R \ 

. \ ' . 
\ ' '. 

~· ... ' !'... .. ', 
:\. .' .. ' ... 

,. \ ' . ' .· ., ·). \ 
.• \ 

\ 
., •· ') .' .I 

k-::v . . . /. / ,., 
,. . . ·:· ···-v" ·-..:-~- .. 
~ 0-- - ~----

--~-- -----F---- . , . . . 
c 

,. 
.. 0 FeET ZO . . 40 60 80 !CO 12.0 . 
. ~. AMOUNT OF SECTIOAI RAVINe; OPTIMUM SPAWNING COND1770AI .. J.. 

SPAWNING CHARAC.TERJ5TlC CURVES .l"YPICAL STREAM 
·• Washfngfa~~ Si~'fe l::>c.p•...t~e-1\t ot Fi:JI~ie, 

. ):),..aeun ~ l'l..-18-'-'1 · ~:1 ~ ..)::,Ac.l££ 

• 
1 

I 

I 
1'.. 
I 
I 

.. 

I 

L 

i 
L 

Ll 
L 
L 



··-- .. 

~~~~+!~/!~~· ..:... ........... ..... ...... -::::-....... · -----
~-~~~ ~··.:....:~·------C'-----~~--::3----------~~ - -

•' .. 
I 

. .. .. . ~·· ...... .. 
. .. 

!: 
: 
: .. 
~ . . . . 

·. ·. .. . .. ... ... . ······ .... 

,.._ ....-
...- - +--

........................ 
• ............. , •• 0 

--~-~-~-=·~-~-:"~-~-~'~,:-~-~:-~,~,~~~,~--~-----' ............... , ' .... , , .... , .... -.... .. ,, ....... 
' .. .. .. ,... .. .. :::--- ,, ', ' , ..... , ' •, -- --- .... , ' ' ' '.. ' ' ,, ', ......... .. .. ', ' \ "', \ ... ', ', ~ . .. '\. '\ \ \ \ ' \ '• .. ' ' . ' ,, \ .. ,. '" \ 

\ \ \ ~ J \ \ \ \ '. ' ' 
I t t t . I I , I r· } 

t' /It I:,': l,' 
,• ,' / I : / I , , ;

1 

•"'' •"' # 1
1 

1
1 

I 1 I • 1
1 

1 ,' . -------·'! ,,-;" , ,' , ,' .··· ,~ .·'· # - .. -~:::: .. -' _,. ..' ,' •' .. , , -'*' .. .. ,, # • , , .. 

.,.,.-' ,'' ,,' ,• ,.-.,·,,,,., __ ,-__ .. ,,,, ,- ,' .~;.''""' ,, 
.t~~""' ,- ,., ... '-

.. .. 



too 
900 
,lSoo 

7oo 

"00 

soo 

400 

4$0 

3oo 

2$0 

%.00 

ISO 

• 
.>< 

100 

10 

~ 
80 

7o - (.o 

it 
h: so 

~ l?i II ~fi REL ~n11 (; :;M :51 vv IAR ~A 
7 ·o ~ 'UJ...TI PJ..tt. FR. be 7=-h '?l.. Sf. 

J!IJ :7 "r--1- 'E E< DUA !rtc N: 
(~ c -d".-1 /"" _l-~ ·- ~ ~ --r- - L: 

J • r- ............. .i LfJI:l.ERE. l ---. • Ali Alf.t! AaJ B 451 fV r,/p; ........ ...... 
t, -..... ' FRo ~f pl..V !r c F 7tVn RE 5T. 

!...... 
............. (;ic !Geo 'IHiiJ ?hi< '(.II 1 ac:r. ~ N 

............. ,if' """'" .. ..... ., 
['!.... :LA' "" ... ! ... 

........... aJ~ Mt!~. l/l'fl) fH fee:: lEI TAl I.E 

Cu hA.'M! --............ SPA ~/VI ro lt'L , .... 1 iJ. 
RV 

Pr: w ... /IIIE!i! AlA ~E r--....· 
1 s u-ihl :...t ~ 'laf 1ill 

~ ' 

......... ........ 
% s, 1!1;. ll-k 01' ,,~ .... 

'.............. 3 ~ .... tt 
~ !. r"tK>' '"f!!' ""-.... 
"' ... ....... z ~ - ......... .... 

i'---. .... 
'-

-J ::::, 40 

~ JS 

~0 

%.5 

2.o 

t$' 

IO 
o{"o ~ ~ o.:s-"to 0(, ~o ~ "'o .I&,..~ .... "(, ~q, '~~ ~ .rev'\"\"\ ... .,.,., ~ ..... "'~ "' ~ ~ 

APPROXIMATE METHOD OF DETERMINING SPAWNING FLOW· ~A-J:'!,( 
qE QUIREMENT5 BASED ON PAST STUDIES BY \A/. D. F. r;JW:n-tJ·'7 

e r·: J<::,AG.I!I! 

Chapter 7 

I 1!'1 ____I! _...; -.ll!fi .-.... -~ .. - • 



I 
• 

.ll 

E 

BASIC FOR.'-!ULAE USED 

To determine optimum wetted areas of streams, based upon spawnine requiremP.nts 
of salmonid fish, a number of approaches were reviewed for their potential use. 
They were revised and one additional formula developed. 

A division of streams in the State of Washinr.ton was found, with particular 
reference to Western Washington streams. It is known that stream bed width 
is a function of runoff. It has been determined under this studv that those 
streams having an origin below 2,200 feet elevation have a flow ~equirement 
for streambed coverage greater than those streams havin8 an origin above 
2,200 feet elevation: that is, a stream bed requires more water to maintain 
the maximum spawning potential in the .former case than in the latter case. 

It was found in the study that drainage area, as well as discharge, ·is~ a major 
factor in determining optimum useful flows for fish ·and wildlife. 

The three basic formulae used are as follows: ~ 

Q = eB!3 0 1.09· (Q· .6) 1.44 ol . "'1n . · m . Are'a 

2. 

3. 0 . = ·.e9 o l.og 
oA m 

Q Q Q · are computed required flows ol - - oA 

Area in Sq. miles 

Qm - mean discharge . 

In determining flows for the ungaged streams the required flows were equated 
to the drainage areas by the geographical factors associated with precipita
tion and elevation. Relationship was determined for the mean flows to maxi
mum flows, using the gaged small streams when the maximum flows were l,OOO 
second feet or less and the ratio was less than 1:100. Forty-six streams 
used gave a relationship of 63 per cent which wa~ used to establish the 
expected-mean flow from a basin, the formula being: 

~ = . required max. flow for fish and wildlife 
.63 

The minimum flow relationship was.determined for the same streams givinr. a 
factor of 291 per cent. 

Streams from the higher elevations in Eastern Washinhton gave relationshipr. 
of 53 per cent and 1584 per cen~ • 

* Applicable only for the. Feographical area of 
the State of Washington or its eouivalent in 
weather patterns. Other areas would require 
bas-ic studies to determine the general relation
·ships. 

( 
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Chapter 8 FOOD PRODUCING AREAS AND THEIR REQUIREMENTS 

In assessing the food potential for the production of fish in fresh 
. . 

water, measurements· ape ,ne~essary in both streams and lakes~ . 

In streams the physical paramet~rs· that req~ire measurement include 

width, wetted bed are~.and its roughness (gravel si~e)~ cross section~ 

slope, quality, veloc;ity gradie~t and flowin cubic feet per second. The 

relationships of pool, flat and riffle frequencies should be measured as. 

one of the ener~ bal~cing mechanis~s. 

In lakes the measurements required incltide volume, ·depth, . density 

gradient, surface area, inflow, discharge and cl~ity •. Within these 
] 

measured water areas there exists a complex relationship· among growth, life 

maintenance requirements and the cropping of food organisms;·all of which 

are limited by·other major physical factors, such as· temperature, altitude, 

~''1 dissolved solids and gases' turbidity' thermocline location and pollution. 

r·-

l · .. 

Fish are specialized feeders to ~egrees that vary with species and 

size;. however, because of the above parameters, the presence or absence 

of a specific food may not give a 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 areas's potential, as the volume of a crop may be. 

liinited by the abundance of feeders in relation .to t.he life cy~le of the 

food organisms. 

The principal concern along the Pacific Coast has been with salmonoid 

fish whose production in any area reflects the stress of the environment~ 

In order to set optimum water volumes, a more precise delineation than has 

b.een made is necessary to determine the relationship between the-organisms 
. . ' . 

.. on which these· fish feed and the pounds of fish produced. 



. . . 

in accol:-dance with. Exhibits .J .and K, or with more ·precise data . .i.f 

available, the f~ potential of the. subregions· ·.of· streams ~ay p·e e~aiuated .. 

In those areas suitable for s.pawn.ing,. th~ food--producing characteri'stics of · . 

streams· should follow clos,~ly the lpwer paramete:r-s delineated for trout 

spawning· • 

. It ma-j .be. expected that· below .flood le\:~1· bed shapes (width, depth and 

velocity rel~tionships) are related 'to ;" 6 po~er: of the average annual flow. 

of any stream.· ('QA in cubic. feet per. seco~d) 

where · 

Q - <w><dHV''> 

- ... 

Q = ·flow in cubic feet per second (at ar1y time) 

·W = stream lo{id th .in feet 

d =·average stream depth in feet.· 

v =. average stream velocity ln .feet per second 

·.Width (W) can be approximated by using Q" 6 with a :multiplier •.. Average 

.. depth ((:i) .can:be· approximq.tedby using Q"a with a mul~iplier~ Average 
. . ' . . 

vel~city (v) can. b~·approximated by using Q.l·witha muitiplier. The sum 
' . ' . " , ' ' . , 

· of the exponents used should equal. l, and the three multipliers multiplied 

t~gether shquld. ·equal l or approach·l. 
' . . . 

The following limited table of multipliers, .read horizontaliy and us~d 

in conjunction withth~ exponents shown above, gives the approximate width, 

average d~pth and average velocity of a stream. To.utilize this table~ at 

least one of the major m~asuremeri.ts at· .a known flow level is. needed. to . 

.obtain the other· tWo. · 

., 
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Multipliers for Approximating Stream Characteristics 

w v D 

7.00 .595 .237 

6.55 .606 .249 

6.20 .625 .262 

5.85 .635 .247 

5.59 .650 .277 

5.40 .650 .294 

5.30 .660 .299 

5. 00 . .665 .302 

4.60 .710 .306 

4.35 .750 .310 

4.10 .785 .313 

3.92 .820 .316 

3.75 .850 .319 

2.80 LlO .330 

2.38 1.28 .339 

1.59 1.81 .359 

Superimposed on the general stream bed characteristics, as determined· 

by the average annual discharge, are an area's ability to produce food. 

The shapes of stream beds vary from chutes, with relatively steep sides 

that give the stream bed a somewhat rectangular shape, to channels that 

almost approach trapezoidal or elliptical in shape. 

The control of energy in streams varies and may be at riffles, chutes, 

rapids, bends, falls or turbulence, or in sections containing large rocks or 

in the flats of long reaches. 
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As shown in Exhibits L, N and o, terrestrial food normally does not 

represent a major part of a fish's diet and the fish are dependent on the 

wetted areas of a stream. Aquatic food supplies do not shift within the 

stream sections as stream levels rise or fall, so that the permanent wetted 

area of a channel, or the low flow, is the governing factor in food pro-

duction. This is further substantiated by the fact that food organisms 

generally ·have at least 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 func-

tions 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-growing 

juveniles and the total pounds of the fish at or approaching adult stage, 

or at least at a point of decelerated growth. This is borne out by 

Exhibits B, E, F and H. An assumption may be made that in stable West Coast 

streams where the environment is suitable .4 to .e yearling per square yard 

is supported. 

.. 
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Reference No. 9 shows the wet weight of individual bottom organisms, 

. -3 -2 -5 
wh~ch varies between 1.0 x 10 .and e.o x 10 grams (3.21 .x 10 and 

-3 -3 2.56 x 10 ounces), with an overall average of approximately 6.80 x 10 

( -4 grams 2.18 x 10 ounces). Using the above, it may be shown that the 

average amount of food present in a stream t.hroughout a year may vary 

from 45 to 177 pounds per acre. Reference No .• 13 indicates that a stream 

with an average yearly standing food crop of 45 pounds per acre can produce 

500 pounds of trout (plus other species) per acre per year. This means 

that when considering the average amount of food required for maintenance, 

about 1. 23 .per cent per day of the body weight of the fish ( 55° F averag·e 

temperature), plus about 4.2 pounds of natural food for every pound of fish 

.produced (Exhibit C), the stream and the immediate area must provide a min-

imum of 3»200 pounds of food per acre per year to produce 500 pounds of 

trout. 
~ -. 

--- ~ ·. 

When normally clear streams are required.to carry silt, the result is 

a lowering of food production. 

Flood flows, or those flows above bank full capacity of a stream, may 

reduce the food produced ·in any year by channel scour, deposition of bed 

load.material or rechannelization. The rate at which the water level in a 

stream rises is an important factor in channel shaping and, hence, floods of 

comparable magnitude but with different generation times do not produce the 

same stream effects. These factors probably are most relevant to streams 

under flood management. 

Oxygen is not only a requirement for the production of food, but it 

affects both the feeding and growth rates of salmonoid fish. If the 
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oxygen level.drops below 50 per ~ent s~turation, the food consumption,. 

gain in weight and food conversion ratio all drop (Exhibit Q). To obtain 

the maximum use of food, lowe~ed oxygen levels, coupled with higher than 

normal stream temperatures, must be avoided in stream .management practiceso 

The temperature of the environment is an important factor that affects 

food digestion • growth, disease incid.ence, aging, weight, size., swimming 

speed, energy requirements and feeding and foraging rates. These effects 

are partially shown. by Exhibits. A-I, In addition, it·can be shown that 

the preferential tempe~ature for salmonoid fish varies generally between 

49 and 57° F, with feeding rates decreasing at 62° .Fo The energy reouire-

ments 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.demands as. shown on the exhibits. At approxi-

mately 48° F the same conditions of growth exist as at temperatures of 62o··r 

and they decline with falling temperatures. This is further supported by 

Exhibit I, which shows the hours·of digestion time required for ingested 

foods. Exhibit H shows that in the case of nonfeeding adult ·salmon higher 

than normal temperatures can only result in early exhaustion of their total 

stored energy. 

The potential production of food fran various stream reaches is 

shown in Exhibit J, which indicates that riffle areas are the most pro-

ductiveo Exhibit M, which shows the standing crop in foUr stream test 

sections in Convict Creek (two·parallel,repeated in series), indicates 

a reasonable stability' in total production when lengths are measured as 

I 
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a straight line, although the Wetted areas varied .by 18 per cent. The 
' ' ' 

section with the greatest velocity produced the greatest weight of food 

per square' foot. In the final measurement of any stream, the relation

ship of riffles to pools must be established, as· these sections respond 

differently to varying flOw regimes. 

Exhibit P indicates many interrelationships of food organisms 

cycles, stream flows, time of year, temperature and condition factors .. 

In salmon-producing streams, the maximum requirement for food Oycurs in 

the spring, the time of maximum growth and condit~on recovery .. 

When considering the pounds of fish present, fish size is import-

ant, as a lake sUpports fewer po~nds of growing fi.sh than adult fish. 

The age of a lake is important, as it is commonly accepted that 

during the first three years of its iife a newly-formed lake is highly 

productivei but this is not indicative of a firm level of production as 

the lake ages. 

Lakes that are rehabilitated by the removal of predators may be 

planted at a rate at least four times greater than that of accepted 

planting practices. The range for trout planting is approximately 

3 lbs per acre for fry, 6 lbs per acre for 3-to 4-inch fish, 13 lbs 

per acre for 5-to 6-inch fish, 40 lbs per acre for S~o !c-inch fish 

and 60 lbs per acre for 10-to 12-inch fish. Catchable production of 

2-lb fish may vary between 25 and 60 lbs per acre. 

The pH level of a lake and the levels of phosphates and nitrates 

are important in food production, and it is accepted that lakes that 

are slightly alkaline are the better producers. 
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Feeding Rate for Rainbow Trout of Various .Sizes 
at Various Temperatures 

0 2 4 6 8 10 12 14 16 
I ..... 0 f "' ...... f I) • " " I ....... ., I .. II .. " X Q Ill. ... " .. " • & ........ : 

CFB A 0 ·A=3-4 in • fish 
CF'B A D B=5-6 -in. fiSh meat & meal diet ce A D C=10 in. fish 

CFJ A D 
CB A D . D=3-4 in. fish 
CF'B A D E=S-6 in. fish all meat diet 
CF'B A D F=lO. in. fish 
CF'8 A D 
ere A 1? 
c 9 A 0 
C B A 0 
C F'B A 0 
C F'B A D 

CF'B A D 
CF'B A D 
C F'B A D 
C F'B II D 
C F'B A D 
C.F'B A D 
c F' 8 A D 
c F'B A 0 
c Fe-·::~-- D 
C F'B . .,;;_~ ·, D 
c F'B A 0 
c F'B A D 
c F' 8 A 0 
c F' B A 0 
c . F'B AE 0 
c F' B A 0 
c F' B A n 
c F' B A 0 
c F' 8 AE D 
c F' 8 A D 
c F' 8 A D 
c F' 8 ·A 0 
c F' B A D 

1 • • •• t. •• .. t • • •• 1 .. • .... r ... .,., 1 • • ... t., .. • .ao • .. ol 

0 2 4 6 8 10 12 14 16 

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 in tissue water content up to 20 per cent. 

Prepared by Don M. Fagot -- data from Reference no. 46 
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* Energy Requirements (in K Per Day) Compared 
With Oxygen Demands 

Brett's Oxygen 
Trout Diet in Ponds Requirement 

Tempera- 5-6 Inch Fish 10 Inch Fish 8 Inch Fish 
ture (°F) (0.08 lbs) (0.4 lbs) (0.22 lbs) 

41 0.56 1.33 0.3 

50 0.91 2.50 0.5 

59 1.50 3.32 0.7 

68 2.10 5.15 0.9 

75 2.90 7.30 1.5 

* K = 1000 calories 
j •. 

Prepared by Don M. Fagot from References nos. 40 and 46 
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Food Conversions of Salmonids 

Ratio, Weight Per cent 
Fed to Weight Protein K per 
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 

2.9:1 100% 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) 

lb. 

li'. 
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Effect of Feeding of Live.Minnows to Brook Trout 

Weight fed per day 
(grams) 

Weight gain per day 
(grams) 

Per cent weight gain 
per day 

Per cent body weight 
fed per day 

Conversion ratio 

5.02 

1.42 

1.46 

5.19 

3.61 

Average Temperature 
55.4°F 

6.95 

1.92 

1.99 

7;2 

3.64 

When temperatures reached 62.6°F, feeding decreased. 

5.57 

1.44 

1.49 

5.75 

.3o90 

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 no0 38 
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· Daily Feeding Rate of Brook Trout ) 
(as per cent o~ body weight--all meat diet) 

---
Temperature Length (Inches) 

OF 1 2 3 4 5 6 1 

6 .. 2 3.1 2.1 1.6 1.3 1.,0 0.9 
-,I 

42 . ' 

44 ·10.0 5.0 3.3 2 .. 5 2 .. 0 1.7 1.4 ., 
46 13.7 6.8 4.6 3.4 2.7 2 .. 3 1.9 

48 17.4 8.7 5.8 4.3 3 .. 5 2.9 2.5 

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 ·4e1 3~5 

54 28.5 14.2 9.-5 7.1 5.7 4 .. 8 4.1 

Expected Daily Percentage Increase in Weight . i 

Temperature Length (Inches) 
OF 1 2 3 4 5 6 7 

42 2.07 1.04 0.69 0.52 Oe42 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 o .. 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 Ll7 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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Per Cent Weight Gain of Fall Chinook 
Fingerlings During a 28-Day Period 

Bureau of Sport Fish and Wildlife Salmon Cultural Laboratory 
· ·tongview, Washing ton . · · 

Water 
Temper- · Initial Weight. Final Weight Per Cent Gain . G.ain 
ature per per oz. per 
(oF) grams ounces grams ounce.s month day day 

50 L38 0.049 1.85 Oo066' 134 4 •. 8 . 0.00060 

55 . L38 0.049 . ·2.31 0.0813 167 5.95 ·o.00115 

60 1·.38 0 .. 049 2.62 0.0945 190 6.8 .. 0.00162. 

65 L38 0,049 2.46 0.0855 178 6o35 · 0.0013o' 

50 5.78 0 •. 204 .. 9 .. 12 0.322 58 2.06 0~00421 

55 5.78 Oo204 10 .. 92 0.389 89 3.18 0.00675 
ex;, .. 
IV 

. 5.78 12.08 
J.J 

60 0.204 0.426 109 . 3.90 .0.00792 .Q.. 
.. ~ 

,c: 

65 0.401 94 3 •. 36 0.00703 
u 

5.78 Oo204 ·11.21 
~ ! ' 

50 8e85 0.311 12 .. 92 0.451 46 lo64 0.0050 

55 8.85 0.311 ·, 13.28'· 0.464 . 50 L78 0~00546 ·. 

. 60 8.85 0 •. 311 15.40 0.549 74 2.64 o.oosso 

65 8.85. ·0.311 14.80 0.520 67 2.38, . 0.00746 

Prepared by Don M. Fagot from data supplied by Roger. E. Burrows 
(Reference no·~ 47) 
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Per Cent Length Gain of F.all Chinook 
Fingerlings. During a 28 .·Day Period ... 

Bureau of Sport Fish and Wildl:f.fe Salmon Cultural Laboratory 
Longview, Washington 

Temper- Initial ·Length Final· Length Per Cent Gain Gain 
inches 

·per day· 

50 

55 

.60 ·.· 

65 

50 

55 

60 

65 

50 

55 

60 

. 65 

(llin) · (in) 

49 1.93 

. 49 1.93 
<', 

49 ·1.93 

49 1.93 

79• '·3.11 

79 3.11 

79 3~11 

· (mm) (in) 

58 2.28 

61 .2.40 

59 2;32 

.. 92 '3.62. 

98 ' 3_.;86 

. 101 3.98 

. '9· 3.11 99 3.90 

91 .3.56 ·103 4.06. 

91 3~5l l04 4~09 . 

·.·. 91 . 3.5~ 

91_. ·.3.58 

110 . 4_.33 

108' 4 •. 25 

per 
month 

11.05 

11.80 

12.42 

12.00 

1'1.60 

12.45 

per 
day 

0.3946 0.00714-

0.4214 0.0125 
.. 

0.4439 i 0.0167 

0.4286 0.0139 

0.4143 0.0182 

0.4446 0.0268 

12.80 . 0.4571 0.0315 

0.0282 12~54 0.4479. 

11.30 0.4036 

. 11.40 0.4071 

12.10· . 0.4321 

11.85 0.4232 

-0.0172 

0~0182 

0.0268 . 

.0.0240 

Prepared- by Don M·. Fagot· from. data S1.l:PP1ied by Roger E. Burro.ws 
· (Ref ere nee no •. 4 7) 
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Food Consumption at Various Temperatures and Sizes 
(Using Abernathy Soft Pellet 27.5 Per Cent Protein) 

Temperature 
(oF) 

1.33 inches 
to 

2. 00 inches 

Adults 

40 

45 

50 

55 

60 

40 

45 

50 

55 

60 

Per Cent Body Weight 
Per Day in Food Fed 

3.0 

3.8 

4.8 

6.1 

7.6 

0.8 

1.0 

1.5 

1.9 

2.4 

Per Cent Drop in 
Food Fed Between 
Fingerlings & Adults 

62.5 

62.0 

68.0 

68.0 

68.5 

Comparison of Abernathy Soft Pellet With 
Two Other Types of Food 

Type of Food 

Abernathy soft pellet 

Dry pellet 

Meat diet 

Per Cent 
Protein 

(wet we~ght) 

27.5 

40 

18 

Per Cent Body 
Weight Gain 
Per Day 

5.4 

4.5 

7.4 

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

co 
,_. 
(l) 
,1-J 

c. 
(':\ 

..:::: 
u 



I 

Digestion Time Required by Trout at Various Temperatures 

Hours Required for Complete Digestion 
Food Organ_ism Various Temperatures (oF). 
(1/2 gram meal) 49-53 43-44 35-36 

Helodrilus 
· (soft bodied) 
(oligochaete) 12 18 25 

Gammarus 
(intermediate hard-
ness) 
(amphipod) 13 18 26 

Arctopsyche 
(hard bodied) 
(ca.ddisfly) 16 24 44 

Adapted .from ·Reference no. 45 

Increase in Metabolic Rate Caused 
. by Temperature Increase 

Per Cent Loss .Average Daily Temperature 
Per Day oc OF 

0.9 7.94 46.3. 

1.1 ·11.3 52.3 

1.3 14.6 58~3 

Adapted from Reference no. 44 
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Per Cent Occurrence of Trout Food 

Substrate 

· Organism Riffle Flat 

'Irichoptera 
(caddisfly) 26.96 10.85 

Diptera 
(true fly) 5.62 5.66 

Ephemeroptera 
(mayfly) 5.32 4.56 

Coleoptera 
(beetles) 4.82 2.11 

Hollusca 1.37 0.87 

Annelida 
(worms) 1,68 o.os 

Plecoptera 
(stonefly) 0.26 0.02 

Riffle current over 0.99 ft/sec 
·depth over 0.49 ft 

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 

in Streams 

Pool Total 

12.68 50.49 

3.82 15.10 

4.35 14.23 

6.26 13.19 

3.11 5.35 

0.09 1.82 <Xl 
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2 . Average Standing Crop of Bottom. Organism (No./ft /mo.) 

Areas in> Convict Creek. 
Individual· Ave rag~ Total 
Weight of .Organ-. Weight 

Organisms I II III ··IV Average .ism (grams) gr/ft2 . 

Trichoptera 
. ( caddisfly) 74 87 77 70 77 0.0082. 0.630. 

Coleoptera 
(beetles) 55 74- '45' ... 59 58 0.,0010 0.058 

Ephemetopte_ra · · 
(mayfly) 59 58 47 59 56 0.0029 0.162· ;:!:: 

Oligochae~a 
(aquatic worm): 26 . 29 22 25 26 0.0126 0.328 

Diptera 
(true fly) 18. 22 20 25 21 0.0016 0.034 

Plecoptera 
(stone fly) 5 8 5 8. .1 0.0800 0.560 

.tl .· 27 . 42 
'• 

0.0026- 0.075 ··Misc. 15 31 29. 

Total· 264 320 z;n 277 274 1.85' 

1 . .. ·. . 
Inclpdes·- mollpsks, fiatwor.ml:l ~ ·roundworms, water_ mites,. egg masses. 

-Adapted from Reference ·no. 9 



Pereentage Occurrence of Major Groups of Organis_ms in 289 Trout 

Percent 1962 
Total of Total 

Organisms Number Number June July Aug. Sept. Oct. Nov. Dec. 

Trichoptera 2974 25.8 43.4 24.4 11_. 2 9.2 15.2 21.1 36.3 

Ephemeroptera 2914 25.3 21.1 14.7 16.3 11.4 5.8 13.6 29.3 

Diptera 2783 24.2 11.7 32.1 41.7 39.0 39.7 28.2 27.8 

Plecoptera 514 4.5 7.1 7.4 3.4 6.7 1.1 8.4 2.7 

-Terrestrial 1 1940 16.9 12.9 19.3 23.4 28.1 33.9 22.1 o.o 

Misc. 2 380 3.3 3.8 2.1 4.0 So6 4.3 6.5 3.9 

1 Includes ants, flies, lepidopteran larvae, grasshoppers, and leafhoppers 

2 Includes be•~tles, oligochaetes 9 mollusks, roundworms and water mites 

See Reference no. 9 

Chapter 8 

Jan. 

43.7 

35.4 

11.3 

7.9 

o.o 

1.7 

---
~_j __j 

Stomachs 

1963 

Feb. Mar. ·Apr. May 

22.2 25.9 11.4 55.7 

43.5 47.9 40.6 32.8 

27.3 14.5 21.3 2.2 

6.0 0.9 3.0 3.9 

o.o 9.1 20.5 3.3 

0.9 1.7 3.2 2.1 
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OXYGEN CONCENTRATION IN MILLIGRAMS PER LITER 

Frcuru: 1.-Wcil!ht ~nins (or lol'ses} in 19 to 28 
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I h" cun·e has hc•·n fitted to ihc JIOints representing 
n:~ults ~~ lrsts J'~rformcd in the year 1956 only. All 
of the H56 po~lllve wright gain values are results of 
2l.tlay lcsls. 

Adapted from Reference no. 34 

OXYGEN AND GROWTH 01' YOUNG COHO SALMON 
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AVERAGE ANNUAL ESCAPEMENT (WILD. AND HATCHERY-REARED FISH) ANi) 
. SALMON PRODUCT.ION IN SELECTED STREAMS IN THE STATE OF WASHINGTON* 

Nooksack- Skagit- Stilla- Widbey
Camano Snohomish Soecies · Sumas Samish quamish 

----·--------------~--------~--------~-------------------------------

·chinook 

·coho· 

Pink 

·chum 

Sockeye 

Summer 
steelhead 

Winter. 
steelhead 

Sea. Cut. 

Lbs~/acre of 
salmonid 

Standing crop 
lb./acre 

Total harvest 
of lakes and 
ponds· 

Miles of 
usable stream 

1~250 19,190 

7,410 49,290 

485~000 

54,860 . llS ,940 

2 ~330 . 

70 330 

. 4 '900 60,500· 

26,600 75,300 

200.5 227 

218 275 
(29-770). (90-690) 

>10-100 >'10-300 
56# 150# 

275.i 571.4 

2J;,200 

268,750 

8,400 

·1,500 

24,900 

59,300 

83.9 

137.9 
(70-170) 

>10-100 . 
50# 

216~2 

50 

23', 500 

116 

127.1 

>10-300 
150# 

7,680 

36,440 

148,750 

21,150 

1,700 

53,800 . 

48,5~0 

245 ' 

>10-100 
. '150#' 

370 miles 
stream 'if 
10 ft. wide. 
435 acres 
112,500 lbs. 

& &' . o ..... 1sn 

:·: These figures are intended for comparative p.urposes only. They. 
show the wide variability in production that is expected ~nde~ 
natural concitior.s. Ext::-acted from reference No. 48. 
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AVERAGE ANNUAL ESCAPEMENT (WILD AHD HATCHERY-REARED FISH) AND 
SALMON PRODUCTION IN SELECTED STREAMS IN THE STATE OF WASHINGTON* 

Cedar- Nisqua11y- West Elwha-
Species Gt'et:m. Puyallup Deschutes Sound Dungeness San Juan 

Chinook 3,~90 2,030 3,850 3,760 l,l~O 

Coho 32,480 7,570 4,890 74,460 2,540 50 

Pink 14,750 4,510 187.,oio 164,500 

Chum 16,680 22,200 10,730 129,340 2,560 50 

Sockeye 90,000 

Summer 90 80 750 240 
stee1head 

Winter 39,400 26,500 7,-300 11,600 9,200 
steelhead 

Sea. Cut. 45,800 19,900 27,600 133,000 29,520 

Lbs./acre of 225 205.7 28.8 172.2 96.7 
salmonid 

Standing Ct'Op 245.5 334.3 252.7 250 99.4 
lb./acre (107-448) (206-378) (200-310) (144-353) (90-100) 

Total hat'vest >10-200 >10-100 >10-300 >10-300 >l0-50 
of lakes and lOO# 50# 150# 150# 25# 
ponds 

Miles of 142.6 266 195.6 614.3 79.3 
usable stream 

* These fi~ures are intended for comparative purposes only. They 
show the-wide variability in production that is expected under 
natural conditions. Extracted from reference No. 48. 
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WATER QUALITY 

Many elements and chemical compounds in waste products of 

indus~ry and agriculture and from sanitary sewers create toxic con-

ditions for fish. See chapter "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 occur 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 eggs, the DO should 

be near saturation level. In reference No. 1 it is stated that ade-

quate growth, embryonic development and fish activity can be lirn!ted 

by a reduction of DO.only slightly below the saturation limit. DO 

criteria should be based on considerations other than those of survival. 

For the cold-water biota, it is desirable that DO concentrations be 

at or near saturation. This is especially important in spawning areas 

where DO levels must not be below 7 ppm at any time. See chapter 

"Swimming Speeds of Adult and Juvenile Fish" for oxyg:en effects. 

There is no optimum pH ·value for fish in general; ho .. :ever, in 

waters where good fish fauna occur, the pH usually is found to be 

between 6.7 and 8.3. In reference No. 22 it is stated that the per-

i. missible range of pH for fish depends on many factors such as temper-

ature, dissolved oxygen, prior acclimatization, and the content of 
ll 
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various anions and cations. The tolerance of fish to low concen-· 

trations of dissolved oxygen varies markedly with pH. 

~- In reference No. 3 it is stated that the toxicity of sodium 

sulfide increases as the pH decreases and sulfide (s=) and bisulfide 

(HS-) ions are converted into toxic hydrogen sulfide. 

The pH level also influences the toxicity of dissolved materials, 

as cyanide and ammonia, and metallic salts, as copper sulfate, as these 

are less toxic in more alkaline waters. 

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 
.. -'' ·..... ~ .. .,__. _ .. .,_. . .. 

t .·- - ~ --

individuals of the same species that l-ive ·"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 culturists and 

investigators for many years. 

Silt and turbidity are factors in water quality. See chapter 

"Silt and Turbidity." 

The introduction of phosphates and nitrates should be discoura~ed 

unless under tightly controlled conditions, as large blooms of offen-

sive algae may result in the reduction or depletion of oxygen supplies, 

or the creation of offensive tastes and odors. For recommended levels 

see chapter "Toxicities of Elements and Compounds." 
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See also chapters "Plastics" and "Pesticides and Herbicides 11 

for use limitations. 
=~ 
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EFFECTS OF FISHING PRESSURE 

Undisturbed fish populations in confined areas normally include a 

number of large, old individuals. When such fish populations are sub

jected 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 rainbow trout and in the Columbia River for 

sturgeon. 

The populations of anadromous fish, particularly Pacific salmon 

and steelhead, are affected by the fact that the bulk of the upstream 

runs may be dominated by one or two age groups for each species, which 

causes variance in the length of time that returning adults are exposed 

to a fishery. 

There is no doubt that net mesh size exercises a selective action 

on the size of the fish caught. !n practice, mesh sizes may be changed 

to permit escapement of smaller fish or to limit the take of one species 

while permitting the take of another. It is to be expected that this 

would have some genetic effect if practiced over many cycles. 

Mesh size also may affect the sex ratio of the salmon escapement 

as male chinook salmon usually are larger than the females and have a 

more pronounced head and jaw structure, or "kipe," which renders them 

more vulnerable. In a hook and line fishery, hook size is utilized as 

c 
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one means of controllin~ size of fish taken. As the fish approach 

maturity, they undergo a body shape charige 9 making them more vulner

able to.nets •. This is particularly pronounced in pink sal~on. 

Another phenomenon associated with fishing pressure is in the 

. timing of runs. _A commercial fishipg season that concentrates on the 

early or late segment of a run may cause, over a period of years~ a 

shift of the run towards anearlier or later period. 

It has been noted repeatedly that the largest returns do not 

necessarily result from the largest escapements. The escapement should 

be sufficient to make optimum use of available natural spawning areas 

or to supply parent hatcheries with an a~equate return of spaWners • 

.It appears logical that ·when the fish must migrate long distances, or 

remain in fresh water for long periods of time, the escapement must 

take into account the natural attrition or unnatural hazards to which 

the fish are subjected and which cause loss. 

Injuries to fish by a net fishery are noted and may cause mortal

ities by increasing the incidence of fungus, resulting from the loss 

of protective slime or from abrasion. 

It has been reported that.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. 
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Regulation changes that allow for large escapement by time period 

closures result in waves of fish approaching fish facilities, and 

this factor must be considered in the sizing and operation of such 

facilities, as these waves may represent the bulk of the escapement 

and should be handled without delay. 



Chapter 11 TEI•lPERATURE - EFFECTS ON FISH 

Natural environmental temperature changes impose stresses on fish 

populations. Over many years various species and subspecies have 

adjusted to upper and lower levels, within which are optimum ranges. 

It has been recorded in the literature that species of fish that 

encounter wide ranges of environmental conditions in subregions because 

l of geographic factors adjust their optimum temperature levels within their 

total range by adjusting to the average annual temperature of the subregion. 

Exhibits A to K 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 repeated in successive years. 

It has been found that adults of the cold-water species may die un-

spawned if they are subjected to higher than normal temperatures for 

I ... 
long periods of time. This is discussed in the chapter, "Spawning Criteria." 

As fish are cold-blooded animals, their metabolism rate rises with temper-

ature. Adult fish have been known to cease migrating when subjected to 

extreme temperatures, approaching the upper limit shown on Exhibit C. 

Spawning may cease if the temperature drops to a level that is near 

or below the lower tolerance range. 

During the egg's tender stage (the first half of the incubation period) 

temperatures that are elevated or lowered from the upper or lower tolerance 

range result in increased mortalities, and a sudden raisin . .r or lowering of 

temperatures during this stage can cause excessive mortalities. 

Growth of the young is also related to temperature levels as discussed 

in the chapter, "Food Producing Areas and their Reouirements." Generally, 

all cold-water fish cease growing at temperatures above 68° F. because of 
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the incr.eased metabolic rate. This is shown in Chapter B. 

The warm..:water species re~pond generallyto.the.same temperature pattern 

as the cold-water species, or ·in accordance with the ievels shown on Exhibits 

I» J and .K •. 

Beneficial effects may be ·realized by inc.rea:sing . temperatures during 

normally cold months~ and two years' growth 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 ranges are 

discussed· in the chapter,"Fish Diseases;... Types, Causes and Remedies." 
. . . 

Generally, the triggering level is below or. above the .·lower or upper toler.:.. 

ance level. 

It .is known that fish suffer heat shock when brought rapidly from lower 

to higher temperatures, and this phenomenon can resuit inloss of equilibrium. 

Acclimation time· is important in the handling of fish.as it.aff~cts. their 

equilibrium, swimming speed andmetabolism. This is shown on Exhibits 

L, M and N. 

As temperature affects the gas equilibrium in water~ a. nitrogen 

embolism can be caused and oxygen deficiencies created. · 

Heat has a synergistic effect and must be considered when measuring 

otherstresses within the environment. 

Swimming speeds. are altered by both temperature and oxygen, and the 

levels must be considered in the design of facilities ·for handling, passing, 

diverting or holdin~ fish. 

Fish are capable of sensing a teniperature.differential of less than .5° F. 

Nothing is .recorded to. indicate why fish choose to enter areas of temperature 

.... 
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higher than their optimum levels or to show that they actively and immediately 

avoid high temperatures. The evidence indicates that they do not necessarily 

move away from high temperature areas (and this is particularly true of warm

water fish) until the temperature reaches their upper tolerance level. Ac-

climation and genetic adaptation may be factors in this phenomenon. 
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P-F preferred for fry 

A-M adult mortality 

Meaning 

adults 

acclimated· 

all races 

avoid 

delayed 

fry 

fall Chinook 

inactive 

.juveniles 

lower lethal 

lower th'l;"eshold 

mortality 

opti.Irium 

preferred 

poor growth 

spring Chinook 

summer Chinook 

toleration 

upper lethal 

·• 

I 
L 

L 
L 
L 



.. 

COMMERCIAL SPECIES -OPTIMUM RANGE 
TEMPERATURE °F 

2.0 "30 40 60 . 70 

CHUM 
5'J. p !5'8 71 3'1. 

I LL. I I I 
1.1'-

CHINOOJ< 
32 ..,~ p 5& 71 

. ILL. 
_j I 

IlL. 

SILVER 
3e n p se "~ 

78 
l·u .. I l I 

I..'-
I 

1./'-

PINK 1"1. ,4l.. so ? "'18 

I LL 
G Pl' 

I 
1.1&. 

SOCHE.YS: I '3'l. 
5'1. p 5'8 7b 

LL I I JUL 

SHAD 
-tl {.0 p 1&.5' . 15: 

I I 

1: 

SMELT 
39 +) 5"1 ,-s!>" 

l I 
f l ...... I 

..1 

J 

__ . {:hapJ:~r.J.l_ 

90 

~ 

100 

' 

(f) 
):I' 
r 
~ 
0 z 
0 
0 OJ 
U' 

z 
0 z . 



'30 

CHUM 

CHINOOK 

SILVER 

PINK· 

SOCKEYE 

9AAD 

SMELT 

' ' '. 

COMMERCIAL SPECIES - MIGRATION RANGE 
TEMPERATURE •F 

50 60 70 

+4; J 6:0 ~" 
• o lor I 

- .. .,.,· A 70 

D 
; 

36, •P "" ,. 

,j~,(. FA •"" 
1!:~.:},: "• sll I llof .... .> Alit 5<f '__.~S"1.5 
· '' oloT · 

.. s. A •o 70 
I D 

.. !) I; J ,.,.. 
I I 

<tS", l toO 70 

I 
D 

' :;r, 

~. f>O 10 
I j) 

.... ... ~ OP1' ,s.,. ,v1-
I 

I I 

NO DATA 

~/,> -~ . -· '~ ' -------< lliiilllll' 
~ .. lJill"":~ - -~--. --· ~~~-· ·---------

... -

eo ... 90 100 

Ul 
) 

£ 
0 z 
Q 
0 
\1' 

z 
~ 
• 

"" __ .. 

n 



- COMMERCIAL ~PECIES- GENERAL SPAWN IN& RANGE 
TE:MPE=:RATURE °F 

. 20 30 40 50 70 

CHUM 
45j 155 

I I 

.CHINOOK 
31 +2 p f1 
I a 

I ,. L-T Ul 

SILVER .ofO p .... ., 
'f 
I 

PINK. +5, rP 1
rr5 

. -
I I. 

51 ~ .... .. 
SOCK£YE H 

bO p 10 
SHAD 

-46' p +7 
H 

90 

J __ _j __j 

100 

l/'1 
> r 
~ 
0 
z 
0 
0 

"' 

2:. 
() 
z 

I 



20 

CHUM 

CHINOOK 

SIL.VER 

PINK 

90CI<EY~ 

SHAD 

COMMERCIAL SPECIES -HATCHING RANGE 
TEMPERATURE-· •F 

-40 50 .60 70 

:,3 ~ !Jh se 

',.. I 

IVT 
LT 

...... .5'"8 
133 I . 

T LT VT 

40 "p bb 
I 

,_.,. 

133 1-0 6~ 
T L..T 

I 

,~3 40 50 5~ 58 

IUT T LT o~T 

68 '-'l.. 66 
I I 

I I oPr 

47 

I 
OPT 

BO 90 100 

(/) 
~ 
r s: 
0 z 
0 
5 
(/) 

z 
0 
z 
• 

(I) 
)"' 

r 
~ 
0 
r.. 
Q 
0 
lfl 

m 



' Si • 

SPORTFISH- OPTIMUM RANGE 
TEMPERA lURE °F 

20 '30 40 50 60 -ro so 100 

STRfP{ii'P B...S5 90 

VI. 

SMALI-MO\JTH 
6A.SS 

50 "&~--;;- f-t 85 

lA I Ul. p 
-

!...A.R&E.MOIJTH 
BASS 

, ... , '51 1! ?1 p ,95 91 ,,, 
I l,.ec Ll ,.ee OPT A« 

6LU661LL 
SlJNF'ISH 

13(., 
60 p 80 '* I..,L I.L 

-:--- CHANNEL. 
Cl>•fFI&H 

70 1'5" P6 ~ 
Ul... 

VJHlTEF"ISH 
6~ p ,&:z. 

,I • 

R-"lN80W 
TROUT 

131 541 1s1 166 171 185 
r ' I 

!-I- OPT I'V IJI... 

KOKANE6 
GO E.O 71 

p M I UL-1" 

BROOK "fRo01' In +1, "'' 161 177 . I 

&.I- ori UL. 

!!,TI<'ELt-tE"AD 
TROI)-( 

+5" 60 55' <58 
17!>· I+--- oPT . 1---+ I 

p VI... 

f!>ROWN !ROUT 
,3b ;)~ OPT (0 I '"15" 19+ I LL uL UL-1'> 

CUTTHROA-r ;'I ... ,, p ,s' ,.,_, 

&.I. I I VI... 

Chapter 11 



e&-ue &1&..'
suNF"/SH 

CHANN&:L 
CATFiiSH 

WHITEFISH 

RJI'INBOW 
TROUT 

BROOK TAOIJI 

BRoWN TROUT 

CU"TTHROAT 

20 30 

' 

SPORTFISH - SPAWNING RANGE 
TE.MPE:.R.ATURE DF 

40 50 60 70 

561 '0 .. t ~7 

0 OPT 

7b 

"0 bl 

I 
p 

c.eL 

70 

'l1 .,, 

~ .. .~1- _,.6 
oPT 

~_+I . ,ss 

31\ , ... s , 

3~ +~ 
r 

'31 5"0 C.8 

I I 
L-L oP"f "" 

~3 50 •"3 
q PT 

. -. 

--~ 
.. 

80 

,..,& 

p eo 

7~ 90 

oPT 

So 

OPT 

90 10 

,e& 
1 

0 

(/) 

] 
z 
i 
I 

~ 
)> 
.( 
IT) 
0 

" 



SIRIPED 8,&.&5> 

SMALL.. MOU'Tl-1 
BA'i>S 

CHANNii::L. 
Ct\ T F I S.l-i 

, 
1 WHtiEF15H 

AAtNeow 
TRou-r 

KOKAN~E 

6ROO 1< TRov"f 

CVITHROA. "I 

3-f; 

?>~ 

SPORTFISH - HATCHING RANGE 
TEMPERA"TURE OF 

4-0 50 ~0 10 

I"+ 

60 

"Si 171 . 

""l-- 70 

3~ p 1% 7 
l 

lyt '5S "~ I I 
t..J.. ol''f M 

36 o'f ..... ,rs.s 

3'• ,s+ 
&..L ..... 

50 

p 

3"' 5';1. '-& 

r I 
M 

40 p ,55 

Chapter 11 

eo 90 

?" 

(' 

100 

~ , 
-t 
I 

::u 
~ 
lU 
0 

j 

I 



CARP 

YRLt.OW 

PEACH 

PIJMPKft-IS&t;p 
SUNP"'15H 

PeACH(Pa .. n 
Fluviatilll<!>) 

S~VAWFISH 

BLAC.I<. 
et'LLH&I"\[) 

30 

ROUGHFISH - OPTIMUM RANGE 

40 

.'~tl 
I 
lA 

I 34 
l.L 

TEMPERATURE. •F" 

50 

s; 

53 

.• 1! 

• 

60 

GoO 

611 

p 

~· 

p 

"70 

70 

,, 

., 

I>& 
I 

IJL 

'8 

?' 
I 

... 

eo 90 100 

~I 16 '1'8 
i I ~T IJL 

10'1 

I 

85' 
I 

UL 

ee 
I 
UL 

'95 

I 
UL 

H 

77 
I 

IJI.. 

76 &5 
I I 

liL 

... 
I 

Ul.. 

t"'" 
UL-AC:C 



CARP 

'(ELLOW 
PERCH 

PUMPKIN SISSP 
f>UNFI!>H 

. eRO\NN 
1301-LHe:'-t> 

GOL.DEt-J 
.SHINS A 

'2.0 30 

.. 

I • 

ROUGHFf5H -SPAWNING RANGE 
TEMPERATURE •F 

40 . 50 bO 70 

5<J '-!!> o7 

+5 59 

"8 
I 

10 

l>O 110·5 

("'I ••• _ .• 

eo 90 100 

eo 

'h 



1.0· 

. CARP 

PUMPKitJS1!6D . 
SUNFISH 

GOLDiiHJ 
9HINitR 

SGIJAWFI&H 

ROUGHFI5H HATCHING RANGE 
TEMPERATURE. 0 1"" 

50 60 70. 

OP.T 

p. 

10 

ill 

eo 90 ioo 

17 
• 

... PI! --I 



L 

·'· 
Energy Requiremt::nts (in K Pe.r Day)~ Compared 

With Oxyt;en Dc..i.Jands 

":!1 

Brett's Oxygc:1~ 
Trout Diet in Ponds Requirer.cnc 

Tempera- 5-6 Inch Fish 10 Inch Fish 8 Inch FisL 
ture (of) (0. 08 1bs) (0. 4 1bs) (0. 22 lbs) 

= 41 0.56 1. 33 0.3 

50 0.91 2.50 0.5 

59 1. 50 3.32 0.7 

68 2.10 5.15 0.9 

75 2.90 7.30 1.5 

* K = 1000 calories 

Preparccl by Don H. Fagot fror.1 References nos, 44 and ~.6, 
~ ~--l~· 

-- ---



M 

Digestion Time Required by Trout at Various Temperatures 

Hours Required for Complete Digestion 
Food Orgonism Various Temperatures C'n 
(1/2 gr<:1r.: mea J) 49-53 43-44 35-36 

Helodrilus 
(soft bod iccl) 
(o1igochacte) 12 18 25 

Gammarus 
(intermediate hard-
ness) 
(amp hi pod) 13 18 26 

Arctopsyche 
(hard bodied) 
(caddisfly) 16 .24 44 

Adapted from Reference no. 45 

Increase in Metabolic Rate Caused 
by Temperature Increase 

Per Cent Loss Average Daily Temperature 
Per Day oc OF 

0.9 7.94 46.3 

1.1 11.3 52.3 

1.3 14.6 58.3 

Adapted from Reference no. 13 

at 

32-33 .. 
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70 
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SILT AND TURBIDITY 

In conside-ring the effects of transported sediments on stream 

beds and fisheries, it is necessary to distinguish between the 

types of sediment. 

Bed .load is material moving on or near the bed, 

It may consist of materials rolled or slid along 

the bed in substantially continuous contact with 

the bed • 

. Turbidity is caused by fine materials, mainly 

inorganic, although it also can be.caused by 

organic materials~ or a combination of both. 

Turbidity should.not be confused with water color, which is 

due to .s:t~i;±~~g;,: action. Pigment extracts from vegetation often occur 

ir. solution -in acid swarcps and bogs, imparting a brown color to 

waters emanating.from them. Dyes and other highly colored substances 

frequently present in industrial wastes also may. stain water·. Since 

pigments in solution, as well as particles in suspension, reduc·e the 

amount of light transmitted, the color of water affects turbidimeter 

readings, making them too high. 

Turbidity in lakes and reservoirs commonly is dete~ined as that 

depth at which a Secchi disc reading is obtainable. There are at 

least three recognized methods of measuring turbidity. Where the 

Jackson turbidity meter is used, the assumption has been made that 

one Jackson Turbidity Unit (JTU) is equal to one ppm on a silica 
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scale. 01:her methods give readings in parts per million orweight 

. per unit volume. 

Sedimentation is a .result of the settling-out or deposi"tion 

of suspended materials. This occurs mainly in quiet waters, as lakes,· 

reservoirs, and stream sections with low veloc.i ties. Particles 

causing bed load or turbidity may be deposited or suspended, dependinp: 

on the velocity, and become interchangeable. (See reference No. 2~.) 

The sedimentation rates follow Stokes' Law and depend upon 

(1) the density of the fluid (water) through whieh"the particle is 

falling; (2) the density or relative weight of the particle, that 

is, the specific gravity of the particle, and {3) the size of the 

particle. A sedimentation time of one hour usually is used as an 

index. As the density of water varies with temperature, a correction 

must be made. 

Some reservoirs are so constructed that they can be flushed 

periodically to remove the accumulated sediment. When such reser

voirs are located upstream from the spawning areas of anadromous 

fish, the resultant heavy load of silt deposited downstream during 

flushing may_ interfere with spawning and seriously reduce successful 

egg incubation. 

Silt may occur as a result of natural causes, such as land 

slides, the washing of glacial flour and normal bank cutting or bed 

erosion. In addition silt materials can be deposited from min~ng 

activities, ~ravel washing, land use and forestry practices. 

I 
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Excess turbidity from organic materials in the process of 

oxidation may reduce oxygen below safe levels. 

Decaying vegetation is usually not a problem in fast-moving, 

mountain streams or in conifered watersheds. In slow-moving wate~ 

or in swamp areas bordered by deciduous trees, such organic materials 

may cause problems. Turbidity may come from industrial or sewage 

.wastes, or it may be caused by living material such as plankton. 

Usually, such living material must.be present at levels greater 

than 0.1 per cent by volume. 

Relatively large quantities (500 to 1,000 ppm) of sus!)ended 

water-borne material can be carried for short periods of time with

out detriment to fish. The catch of fish is affected above levels 

of 30 JTU, as visual references are lost. Primary food production 

is lowered above levels of 25 JTU. 

The effect of bed load is not so well defined by ppm or volume. 

Its presence can kill buried eggs or alevins by denying water inte~

change and can smother food organisms. 

In reference 16 it is indicated that in the Scott River, California 

the organisms, which averaged 249 per square foot above the silt-

laden tributary, were reduced to 36 organisms below. This is verified 

by work below placer mines in Alaska, where fine materials we~e 

deposited on the bed of a stream. It was found in the Stilliguamish 

River in Washington that 50 to 100 per cent of the eggs depositec 

were lost, owing to the low permeability of the river bed below a 
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natural slide. Work in Bluewater Creek in Montana (reference 

No. 26) indicated that when the sediment load in the stream was 

reduced, the trout production was materially increased and the 

rough fish production reduced. Studies conducted after a natural 

slide in the Chilcotin River in British Columbia indicated that 

salrnonoid fish will not move in streams where the silt content is 

above 4,000 ppm. Streams with silt loads averaging between 80 and 

400 ppm should not be considered good areas for supporting fresh 

water fisheries; streams with less than 25 ppm may be expected to 

support good fresh water fisheries. 

The following is a comparison of lake production and turbidity 

levels:_ 
,'pounds of fish 

per acre 

Clear lakes below 25 ppm 160 
Intermediate lakes (25 to 100 ppm) 94 
Muddy lakes over 100 ppm 30 

Some species of fish will not spawn in excessively turbid water. 

such as bass and bluegill. Female salmon and trout, in the course 

of their prespawning activity, will wash the silt away from the 

gravel in the redd. However, when the deposition of an excess 

amount of silt occurs throughout the redd after spawning has been 

completed, there is a resultant interference with the proper perco-

lation of water upward through the redd, loss of dissolved oxygen, 

and lack of proper removal of catabol.ic products. This "smothering'' 

of eggs also promotes the growth of fungus, which may spread from 



[I 
I 

I 
... :"' 

5 

dead eggs throughout the entire redd. The extent of the harmful 

effects of siltation on the spawning and egg incubation of salmon 

and trout depends upon the amount and type of material deposited; 

as well as the time of occurrence. When silt contains clay particles, 

resembling loam, it may form a hard, compact crust over the stream 

bed which spawning fish are unable to remove, thus rendering the 

spawning area unusable. The same condition may occur when organic 

materials, such as wood pulp fibers, are mixed with silt, forming 

an impenetrable mat over the spawning rubble. Silt also may contain 

toxic residues· from industrial or agricultural wastes which may be 

lethal to developing eggs and alevins. 

Generally, salmonoid eggs will suffer a mortality of 8.5 per cent 

when 15 to 20 per cent of the voids are filled with sediment. Properly 

constructed sediment basins, built in connection with road building 

activities, gravel wash and mining operations, which effectively 

remove the sediment, are recommended to eliminate this· source of silt. 

Most experimental work has shown that whereas fish can survive 

high concentrations of suspended matter for short periods, prolonged 

exposure to some types of materials in most species results in a 

thickening of the cells of the respiratory epithelium (so-called 

clubbed gills) and the eventual fusion of adjacent gill lamellae, 

definitely interfering with respiration. Fish do not have gill 

cleaners for removing foreign matter, and·must rely on the flow of 

water through the gill chambers, the productiqn of lubricatins;; mucous 



and intenni ttent 11 coughing." Evidence of gill irri 'ta:tion in trout 

and salmon fingerlings held in turbid water has been noted frequently 

by fish culturists, and is considered a common avenue of infection 

· for fungi and pathogenic bacteria. 

It is apparent that some species, such as salmon, suffer more 

physical distress in turbid water than do others. Carp and bullhead 

catfish are not visibly affected by some types of turbidity, and 

will thrive in waters rendered quite turbid by decayin~ vegetation 

and other organic material·. 

Fine materials that cause turbidity are detrimental in hatchery 

operations, coating the eggs, arid thus reducing the necessary oxyRen 

interchange. 

The adverse effects of silt settling in redds have been reported 

on in references 15, 20 and 24. 

Figure. l gives a graphic presentation of survival versus apparent 

velocity through the gravel redds. 

Table A summarizes sediment concentratio~s in coastal rivers in 

California, Oregon and Washington. (See reference No. 24.) 

In some ranch and farm ponds of the midwest and southeastern 

portions of the United States, colloidal suspensions of finely 

divided clay particles occur almost continuously, and must be precip-

i tate·d by chemicals in order. for sufficient sunliP:ht to penetrate 

the water. Ground agricultural limestone (calcium carbonate), super

. phosphate, alum,. and agricultural gypsum (calcium sulfate) are used 

for this purpose. 
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Table' .B is included to show the difference in suspended materials 

between the Fraser River at Hope and the Columbia River at Pasco. 

Both of these rivers are utilized by salmonoid fish for transportation 

to their spawning grounds. This indicates that whereas fish may lose 

visual reference at the levels of suspended sediment shown, their 

movement is not impeded. 

Table C shows the levels of silt concentrations that cause 

fatalities in various species. This does not mean that such fish 

would not have died from lack of natural food at much lower concen-

. trations, either because such food is not visible to the fish or is 

not present. 

Figures 2 and 3, taken from reference No. 24 11 .show further the 

effects of silt in spawninp, areas. 
u 



Table A. Suspended sediment concentrations in ppm in rivers of 
California~ Ore~on, and Washin~ton in the period 190fj-1912. 

~!~~e _____ ,l~~- _____ _I__e_b ______ ~1a_! __ .:._ __ Ap_::___ __ M_ay _____ ~_u_n_!! _.July ____ A~f. __ ~ept __ _9ct ___ Nov __ Dec_ 

Coastal 
Rivers 

California 139 

Orer.on 27 

Washinr.ton 12 

Interior 
f~ iver~ 

California 137 

Orep.:on 94 

WashinP,ton 6 

225 

16 

7 

107 

107 

24 

160 126 1:70 

9 R 10 

19 lR 14 

89 96 51 

58 113 107 

41 26 

AS eo 53 38 59 46 

0 20 5 6 3 12 6 

12 6 16 28 13 

32 44 56 47 51 79 

81 6? 33 37 13 

14 16 17 13 19 



Table B. 

Year Jan Feb 

1950 

1951 23 

.1952 

Year Jan Feb 

1910-1911 
Average q 17 

1954-1956 
Average 

-~.::.···:.· .. 

Suspended sediment concentration 

Mar Apr Mat June 

370 503 

162 672 187 

15 970 374 200 

Suspended sediment .concentration 

Mar Apr May June 

46 15 10 If. 

8 19 19 11.J 

in ppm in the Fraser River at.llope. 

July Aug Sept Oct Nov Dec 

189 98 26 28 

127 73 qs 31 

158 96. 57 -

in ppm in the Columbia River at Pasco. 

July Aug Sept Oct Nov ·Dec 

2 2 3 2 2 3 

B 9 5 13 6 2 



Table c. 
• 

,Average 
.Range· of time of ·-Temperature test Fatal Turbidity in pprr. 

Common N~me of J'ish (degrees C) (days) Minimum Average · Maximum 

Golden shiner 20.;..29 7.1 55,000 166,000 ioo ,oco 

Mosquito fish 20-28 16.5 120~000 181,500 225,000 

Goldfish 24-32 12.0 go·,ooo 197,000 270,000 

Green sunfish. 20-29 5.5 50,000 166,500. 225,000 

Black bullhead· 22-32. 17.0 175,000 222,000 270,000 

Red shiner 22-32 9.0 175,000 183 ,000 . 190,000 

River ~arpsucker 24-32 . 9.6 105,000 -165,000 250,000 

.Largemouth bas~ 16-32 7.6 52,000 101,000 150,00~ 

.Pumpkin seed ·16-22 13.0 16,500 69,000 120,000 

Orange spotted sunfish 22-32' 10.0 100,000 157 ,000· 200,000 

Channel catfish 24-32 9.3 85,000 

Blackstrip top-minnow 22-26 19.3 175,000 

.Black crappie 28-29 2.0 145,000 

Rock bass 3.5 38,250 

Reference: ,;Water Quality Criteria," McKee and· Wolf, 1963 ~ 
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Barium 

-~ 

Boron 

·_;.-- ..,_.,:=o 

Cadmium 

Chromium 

2 

TOXICITIES OF 

Remarks 

Appears to be less cumulative in the body than some other 
metallic poisons. Indications are that in the carbonate 
or sulfate form it is relatively insoluble and therefore 
not apt to be present in solution. In Washington most 
streams contain sufficient bicarbonate to precipitate all 
but minute amounts of barium. Could be present in col
loidal suspension, a chelate, an organic compound, or in 
other ways. 

Although boron may be toxic to humans and animals in high 
concentrations, there appears to be so little likelihood 
of such concentrations being reached that boron is not 
considered a hazard. Boron is believed to_be present in 
Washington waters in only trace amounts. 

The Dept. of Health, Education and Welfare·, Public Health 
Service, Drinking Water Standards, imposes· a mandatory 

· limit on cadmium of 0.01 mg/1, on the basis of its toxic
ity to humans. Cadmium appears to be somewhat cumulative 
in the body. 

Chromium does not appear to be cumulative in the body. 
The U.S.P.H.S. limit is derived partially from the fact 
that 0.05 mg/1 is about the lower limit of' detectability 
of hexavalent chromium. Published information indicates 
that much larger concentrations are without adverse ef
fects upon humans, and it is probable that the U.S.P.H.S. 
limit of o.os mg/1 is extremely conservative •. 

Chromium appears toxic to plants~ but, the level at 
which toxic effects begin to be discernible appears to be 
not less than 1.0 mg/1. 

" 



ELEMENTS AND COMPOUNDS 

Goal* 
Standard** 

Goal 
Standard 

Goal 
Standard 

Goal 
Standard 

Goal 
Standard 

Goal 
Standard 

Goal 
Standard 

Goal 
Standard 

Limits 
W.Q.C. 

Fresh Water 
0.01 mg/1 
0.05 mg/1 

Salt Water 

Fresh 

Salt 

0.05 mg/1 
0.06 mg/1 

Water 
0.1 mg/1 
0.3 rng/1 

Water 
4.7 mg/1 
5.5 mg/1 

Fresh Water 
0.0005 mg/1 
0.001 mg/1 

Salt Water 
0.00011 mg/1 
0,00013 mg/1 

Fresh Water 
Trace 
0.01 mg/1 

Salt Water 
0.00005 mg/1 
0.00006 mg/1 

* 
** 

See last page 
of table. 

3 

Fish 

WQC suggests a limit of 5.0 mg/1 is 
to protect fish and aquatic life 
from toxic effects. 

Fish appear to be quite sensitive 
to cadmium. In addition there 
appears to be a synergistic effect 
between cadmium and other metals, 
notably zinc. The lowest concen
tration indicated as being lethal 
to fish is equal to the U.S.P.H.S. 
limit of 0.01 mg/1. Salmon fry 
are reported to have been killed 
by 0.03 mg/1 of cadmium together 
with 0.15 mg/1 of zinc. 

Fish are less sensitive to chromium 
than are other organisms in the 
aquatic food chain. Concentrations 
of 0.016 rng/1 and less appear toxic 
to organisms such as Daphnia magna, 
although the evidence is not unani
mous on this point. 



Copper 

Iron 

Lead 

4 

Rema!'ks 

The U.S.P. H.S. Drinking Water Standards recommended limit 
on copper is 1.0 mg/1• 

Copper is essential to plant life, but toxic when · 
present in excess. The permissible range appears to lie 
below about 0.1 mg/1 for the most sensitive macroscopic 
plants. 

Threshold toxic limits of copper to animals appear to 
be substantially higher thari the limit proposed for human 
use. 

Copper sulfate is widely used as a cheap and effective· 
algicide; however, in hard water the margin between the dos
age required as an effective algicide arid the toxic level 
for fish is very narrow, and may result in ,fish kills •. · 

Marine biota are sensitive to copper. Oystet larvae 
require some copper (0.05-0.06 mg/1), but t::oxic effects 
begin to occur between 0.1 and 0.5 mg/1. 

Stock and wildlife require some iron as do humans. There 
is no evidence to indicate that the toxicity threshold for 
animals is substantially lower than for humans • 

. . Irrigated agriculture is relatively unaffected by 
iron. Some iron appears to be beneficial to certain 
plants. 

The U.S.P.H.S. Drinking Water Standards mandatory limit 
on lead concentration is 0.05 mg/1. This limit is based 
on the toxicity of lead, enhanced by-its t~ndency to 
accumulate in the body. 

There· is some evidence that lead is injurious to 
plants, but the threshold concentrations appear to be 
well above the U.S.P.H.S. Drinking Water S~andards limit. 

Animals are sensitive to lead poisoning, as a~e 
humans, and apparently to about the same extent. 

Aquatic life also is susceptible to toxic effects 
from lead, although the mechanism by which the damage 
occurs may be different. 

'· 
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Limits 
W.Q.C. 

Fresh Water 
Goal 0.02 mg/1 
Standard 0.05 mg/1 above 

natural background 

Salt Water 
Goal Less than 0.05 

mg/1 
Standard Less than 0.06 

mg/1 

Fresh Water 
Goal 0.0 mg/1) To. tal 
Standard 0.1 mg/1) iron 

above 
natural 
content 

Salt Water 
Goal 0.1 mg/1 
Standard 0.2 mg/1 

Fresh Water 
Goal 

Standard 

Goal 
Standard 

Limit of 
detectability 
0.02 mg/1 

Salt Water 
0.00003 mg/1 
0.004 mg/1 

Fish. 

The synergistic effects of copper on 
.fish. appear to be magnified enormously by 
its association with zinc, cadmium, 

phosphate, chlorine, mercury and other 
materials. Concentrations of copper 
as low as 0.015 mg/1 have been reported 
as toxic. The effect of copper is 
pronounced in soft water, possibly be
cause copper carbonate precipitates· 
from hard water and thus limits the 
concentration of copper in solution. 
Other aquatic organisms of importance 
to the food chain of fish are quite 
sensitive to copper. The maximum 
concentration of copper sulfate .for 
trout is 0.014; carp 0.30, and gold 
fish 0.50. 

Fish may be adversely affected by dis
solved iron, although the amount of 
iron in solution (ferrous iron) will 
be extremely small in well-aerated 
streams, i.e., those capable of sup
porting fish. There is some evidence 
that concentrations as low as 0.2 
mg/1 of ferrous iron may be deleteri
ours, but some fish are known to 
thrive at higher concentrations. 

As in the case of certain other taxies, 
lead appears more toxic to fish life 
in soft than in hard water. Reduc-
tion of the oxygen saturation percen
tage appears to accentuate the effect 
of lead somewhat. Toxic effects from 
lead have been reported in fish at 
concentrations as low a:s 0.01 mg/1, 
although other tests have shown absence 
of toxic effects at concentrations·as 
high as 4.0 mg/1 • 



Manganese 
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Potassium 

'. 

Selenium 

· Silver 
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Remarks 

The U.S .P .H. S. Drinking Water Standards re·coliDD.ended limit 
·on manganese of 0.05 mg/l is based on esthetic and econ
omic as well·as physiological considerations. The physic= 
logical hazards from exces~ive manganese .·are o.f. dubious · 

·nature arid occur 'at uncertain threshold concentration 
values,. but it is apparent that 0.05 mg/1 is substanti- . 
ally below any toxicity threshold. · 

Excessive concentrations of .manganese may be harmful 
to plants, but the threshold levels of damage appear sub
stantially higher than the Drinking Water Standards limito 

Animals appear to be unaffe.cted by manganese at con-
centrations ·substantially higher than the U.S.P.H.S. limit • 

Within the. limi.ts imposed by commonly accepted standards~ 
potassium has a negligibleeffect on most beneficial uses 
of water. · 

Some potassium is essential to plantnourishment, and 
· it is coliDD.Only used as an ingredient (K20) in fertilizers 
·to· .. stimulate plankton· growth .in ponds. The range of con
centration for this use is on the order of ·o-5 mg/1. 

· The U.S. P. H. S Drinking Water Standards impqse a mand'atory 
limit on selenium o.f 0.01 mg/1; based on toxicity.· · 

Plants can tolerate much more selenium than can humans. 
However, food crops will incorporate some selenium into cne 
edible portiori.s.and selenium poisoning.can result from eat
ing the plan~s. This effect is not believed to be detect
able when the concentration of selenium i,n·irrigation water 
.is below 0.01 mg/1. 

Stock and wildlife are susceptible to selenium poison
ing, the result being known as alkali disease or blind· 
staggers. This can result frol!l ingestion of feed grown 
on selenium-rich soil, or from selenium-bearing water. It 
is believed that cattle can tolerate 0.4 tO O.S.mg/1 without 
showing toxic effects, and this.probably represents the 

. ord.er of ·magnitude of tolerance of other animals. 

The U.S.P.H.S. Drinking Water Standards mandatory.limit on 
silver is 0.05 mg/1. . This limit is. based primarily on the: 
cosmetic effect ·of silver excessive ingestion resulting in 
a permanent discoloration of the skin and eyes. From the 

·effects of. silver on humans, it would be expected that 
levels safe for human consumption would be entirely safe 
for terrestrial animals. 
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Limits 
W.Q.C. 

Fresh Water 
Goal 
Standard 

Trace 
0.01 mg/1 
total Mn 

Salt Water 
Goal 
Standard 

0.002 mg/1 
0.04 mg/1 

Fresh Water 
Goal 2.5 mg/1 
Standard 5.0 mg/1 

Salt Water 
Goal 380 mg/1 
Standard 450 mg/1 

Fresh Water 
Goal Limit of 

detect
ability 

Standard 0.002 mg/1 

Salt Water 
Goal 0.004 mg/1 
Standard 0.005 mg/1 

Fresh Water 
Goal Limit of 

de tecta-
•bility 

Standard 0.003 mg/1 

Salt Water 
Goal 0.0003 mg/1 
Standard 0.0004 mg/1 

7 

Fish 

Fish appear to have some tolerance for 
manganese and at the limit of 0.05 mg/1 
it probably is not detrimental to them. 

Adverse effects upon fish are reported at 
potassium concentrations on the order of 
50 mg/1, especially in soft water and water 
low in total salt content. 

Fish appear to be somewhat more sensitive 
to selenium than are humans. Quantitative 
data are scarce, but it would appear that 
the conservative limit established by the 
U.S.P.H.S. Drinking Water Standards for 
human consumption is probably acceptable 
for most, if not all, fish. Fish apparent
ly concentrate selenium in their livers, as 
a result of ingestion of selenium which 
enters the food chain at the plankton level. 

Fish are quite sensitive to silver, lethal 
effects having been observed at concentra
tions as low as 0.003 mg/1. 

Plankton appear to be somewhat less 
sensitive than fish, but the difference is 
slight and, from the limited data available? 
may be more apparent than real. 
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Sodium 

Zinc 

Ammonia 
nitrogen 

Cyanide 
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Remarks 

Because sodium is a waste product of many beneficial uses 
of water and has little adverse effect upon water in 
limited amounts, the use of a river to carry sodium is of 
less importance than other additives. 

Sodium, like several other solutes in water, may 
indicate the presence of sewage or agricultural drainage. 
It is a conservative pollutant because most sodium salts 
are highly soluble and hence no removal occurs in either 
water treatment or sewage treatment processes. Where the 
natural sodium load is small the sodium concentration can 
serve as a pollution index. 

The U.S.P.H.S. Drinking Water Standards recommended limit 
on z~nc of 5.0 mg/1 is based on esthetic effects. Zinc is 
essential to human nutrition and, while toxic in large 
amounts, is not adverse physiologically within the range of 
esthetic acceptability. 

Zinc is essential to plant nutrition and, as with 
humans, can be toxic if present to excess. Values as low 
as 3 mg/1 have been observed to be harmful. 

The adverse effects of zinc to stock and wildlife are 
comparable to the effects on humans. Some synergistic 
effects appear to occur when zinc is present in combination 
with selenium, copper and possibly other materials. 

The U.S.P.H.S. Drinking Water Standards lists no limit for 
ammonia nitrogen, although the WHO European Drinking Water 
Standards set a recommended limit of 0.5 mg/1 as NH4• How~ 
ever, any such limits -are based on the presence of ammonia 

·being an indicator of organic pollution rather than on its 
toxicity. 

Because of its potentially toxic effects on fish and 
because of the fact that it indicates organic pollution of 
water and serves as a nutrient for nuisance growth, the 
following limits are proposed for ammonia nitrogen. 

The U.S.P.H.S. Drinking Water Standards contain both recom~ 
mended (0.01 mg/1) and the mandatory (0.2 mg/1) limits for 
cyanide. These.limits are based on _toxicity, but the deri
vation of them appears to be founded more on toxicity to 
fish than to human~. 

Stock and wildlife appear no more sensitive toward 
cyanide than do humans. 
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Limits 
W.Q.C. 

Fresh Water 
Goal 10 mg/1 over 

natural con
centration 

Standard 35 mg/1 over 
natural con
centration 

Salt Water 
Goal 10,500 mg/1 
Standard 12,500 mg/1 

Fresh Water 
Goal Limit of detect-

ability 
Standard Limit of detect-

ability 
Salt Water 

Goal 0.01 mg/1 
Standard 0.012 mg/1 

Fresh Water 
Goal 0.3 mg/1 
Standard 0.5 mg/1 

Salt Water 
Goal 0.0025 mg/1 
Standard 0.003 mg/1 

Fresh Water 
Goal 0.005 mg/1 
Standard 0.01 mg/1 

Salt Water 
Goal 

Standard 

None detect
able 

0.01 mg/1 
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Fish 

Fish are strongly affected by zinc. Con
centrations as low as 0.01 mg/1 have been 
observed to be lethal. The toxicity of 
zinc is greatest in soft water. Shell
fish appear less sensitive to zinc than 
do swimmers, but are able to concentrate 
zinc from large amounts of w·ater, possibly 
by ingestion of plankton which concentrate 
zinc from the water. 

Fish appear to be more affected by undis
sociated ammonium hydroxide (NH

4
0H) than 

by the ammonium ion (NH
4
+). Thus the 

toxicity of a given concentration of am
monia to fish increases with increasing 
pH. As with most other toxicants, the 
effects of ammonia are increased at low 
oxygen concentrations. The concentra
tions of ammonia at which fish suffer 
distress are variously reported at from 
0.3 mg/1 upward, but the majority of 
values indicated lie above 1.0 mg/1. 

Fish appear quite sensitive to cyanide, 
more so than do lower forms of aquatic 
life. The lowest concentration at which 
toxic effects are noted is 0.05 mg/1 
(trout); but 0.02 mg/1 were survived by 
trout for a period of 27 days. In view of 
the other data cited, the U.S.P.H.S. recom
mended limit (0.01 mg/1) is probably a 
reasonable limit for safety to all aquatic life. 
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Remarks 

The U.S.P.H.S, Drinking Hater Standards mandatory fluoride 
limit varies from 0.6 to 1.7 mg/1, depending in part on the 
average air temperature and hence the amount of water con
sumed per day. For drinking purposes, fluoride is generally 
considered to be a valuable addition to water. Too much 
fluoride, however, leads to mottled tooth enamel. and in 
high doses it can be toxic. 

The threshold concentration of fluoride in water at 
which damage to irrigated crops begins to occur appears to 
lie between 10 and 100 mg/1. 

1.0 mg/1 of fluoride seems to have no deleterious 
effect on livestock. 

A major problem with nitrate is eutrophication. Blooms of 
algae and other aquatic plants have severe economic and 
esthetic effects, affect fish and other aquatic life, · 
including the killing of fish when a bloom dies and deoxy
genation occurs, and cause serious problems in water treat
ment for domestic use. Blooms of algae and massive growths 
of other aquatic plants are possible when the nitrate con
tent in the presence of other essential nutrients is about 
0.5 mg/1 or more. 

Based on considerations of eutrophication alone~ the 
following limits for nitrate are used. 

Water will absorb only a certain amount of nitrogen from 
the air at atmospheric pressure and at a given temperature. 
When the air is under pressure the water becomes super
saturated with dissolved gases (oxygen, nitrogen, and carbon 
dioxide). Excess nitrogen often occurs in spring or well 
water. It also may result from air entering the intake side 
of a wat~r pump, or from air entering the intake of a 
gravity pipe line and being forced into solution by the 
gravity head on the line. Sudden warming of water may cause 
supersaturation. 

It is not always easy to remove immediately all excess 
nitrogen from a water supply. This can be done by vigorously 
breaking up the water so that excess gas is released to the 
atmosphere. 
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Limits 
W.Q.C. 

Fresh Water 
Goal 0.5 mg/1 

Salt Water 
Goal 
Standard 

Fresh 
Goal 

Standard· 

.1.3 mg/1 
1. 5 mg/1 

Water 
0.1 mg/1 
natural 
tent 

·0.4 mg/1 
natural 
tent 

. -.Salt Water 

above 
con-

above 
con-

Goal Less than 

Standard 

Saturation 

0.6 mg/1 
0.6 mg/1 
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Fish. 

Fish and other aquatic life app~ar to be 
affected by fluoride in much the same way 
as do land animals, and in apprqximately 
the same concentration ranges. The lowest 
concentration at which adverse effects are 
reported (sloweJ: and poorer hatching) 

· (species not identified) is 1.5 mg/1. 

Fish appear relatively indifferent to 
nitrate, although the associated nitrite 
can be toxic to them. Nitrite is an inter
mediate compound between nl.trate ·and the 
more reduced forms of·nitrogen and seldom 
persists long as nitrate, being readily 
oxidized or reduced • 

--~1 •" 

.,:...w ..,..,..._ .• ·.: --

Of the exce-~s gases i~ supersaturated water, 
nitrogen is. least tolerated by fish. Nitro
gen is absor.bed into the blood .. stream, 
causing gas bubbles which. result in death 
of the fish.· Fry wi~l develop. a visible gas 
bubble in the body cavity. 

The percent of nitrogen saturation in 
·water which is detrimental or lethal :to 

salmon is as.follows:--
Fry..;.-103% 
Fingerlings at:1d yearlings--113% (lethal) 

--105-112% (eye 
damage and blind
:ness} 

Adult salmon----------..;-.~--118% (eye 
damage) 
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.. activity 
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Remarks 

· Phospq,~tes are of concern primarily because of the .fact 
that p.hosphorus; being a fertiliz~r, frequently present 
naturally only iri timited amounts, can contribute to the 
growth. of. aquatic organisms' especially .when wa'ter is 
iinpounded. ·. Such. growths can reach severe nuisance pro
·portiori.s even with ver.y small· phosphate concentrations. 
Heavy algal blooms have been observed in lakes when. the 
phosphate concentration exceeds 0.03 mg/1. 

The effects. of radioactivity in surface waters are extremly 
complex •. However, · ther~ appears to be no safe threshold · 

·below which no damage to man or other living organisms 
wj,.ll·result from exposure to ionizing radiation. ·Any 
exposure is detrimentaL . It appears that concentration is 

:by far the most serious effect. Radionuclides in the 
. aquatic or marine environment may affect organisms by (a) 
.. direct. radiation ·from the water or accumulated bottom. sedh
ments ,, {b) absorption. of radioactive material on the body 
surfaces, (c) absorption· through cell membranes of soluble 
substances, and. (d) ingestion or radionuclides aloiJ.g with 
food .and water. For herbivores and carnivores, including 

.. fish, ingestion of radionuclides concentrated by lower forms' 
·of. life appears to. be the major route of accumulation. 

-. ~ 

Surfactants Surfactants are also know:n as surface-acting agents or 
detergents. · The surfactant formerly in \videspread use in 
household washing products was ABS, which presented a 

·considerable· problem. .The surfactant used almost exclu
sively ,since. 1965' is LAS, which is more .readily biodegradable. 

I 
I 

· ·The .U.S.P.H.S •. Drinking Wat~r Standards recommended 
limit for ABS is 0.5 mg/L The substitutio~ of terms and ... 

·Hydrogen. 
sulfide 
(H

2
S) 

retention of .. the· former -limits would appear reasonable for 
LAS.·.·· 

The sources of H2S in water include natural processes of 
decqmposition, sewage and industrial ·wastes, ·such as those 
from tanneiies; paper mills, textile miils, chemical plants~ 
and gas-:-manufac turing wor.ks. It is a :qtaj or component of 
Kraft mill waste liquors, which is. the principal source of 
this type of pollution in ·the Pacific Northwest. . . 

In the presence of certain sulfur-utilizing bacteria~ 
sulfides and H2s can be o,xidized to colloidal sulfur, and 
these bacteria or their deposits may be considered. as 
corollary pollutants. I 
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Limits 
W.Q.C. 

Fresh Water 
Goal 0.03 mg/1 
Standard 0.15 mg/1 

Salt Water 
Goal 0.3 mg/1 
Standard 0.4 mg/1 

Fresh and Salt 
Water 

Goal No induced 
radioactivity 
U.S.P.H.S. 
Drinking 
Water 
Standards 

Fresh and Salt Water 
Goal Trace 
Standard 0.10 mg/1 

The maximum concentra
tion of H

2
s tolerated by 

fish is w1thin the range 
of 0.3-1.0 mg/1. Chinook 
salmon have survived in 
tests at a H

2
S concentra

tion of 0.3 mg/1, cut
throat trout at 0.5 mg/1, 
and silver salmon at 
0. 7 mg/1. 
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Fish 

Phosphates are of no direct toxic signifi
cance to fish. However, like nitrogen 
compounds, they present a eutrophication 
problem. ~ben a plant bloom dies and 
deoxygenation occurs fish kills may result. 

Exposure to humans and fishes can be in
creased profoundly by consumption of food 
products such as shellfish or plankton, 
some of which concentrate radionuclides 
within themselves from large amounts of 
water. 

The present radioactivity in the 
Columbia River poses no direct somatic 
hazard toward fish. 

Fish and aquatic organisms are subject to 
toxic effects of surfactants; the concen
tration necessary to produce such effects 
appear to be one or more orders of magni
tude greater than the U.S.P.H.S. Drinking 
Water Standards (0.5 mg/1), for the most 
part. 

H2s at a concentration of 10 mg/1 has been 
reported as toxic to a salmon and trout in 
24 hours. 

At a concentration of 10.0 mg/1 it is 
reported as toxic to trout in 15 minutes. 



Methanethiol 

Methyl ethyl 
Ketone 

Phenol and 
Phenolic 
Compounds 

Mercury 
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·Remarks 

This gas is also known as methyl mercaptan, and occurs 
in Kraft pulp mill wastes. At certain concentrations 
and water temperatures it can be highly toxic to fish. 

This is a widely used liquid solvent in industry. It 
is used in the manufacture of synthetic resins, and is 
highly soluble in water. Bio-assays indicate that at 
certain concentrations it is toxic to fish. 

Phenolic wastes arise from the distillation of wood, 
from chemical plants, gas works, oil refineries and 
other industrial operations, as well as from human 
and -animal .refuse. Phenol is commg_,nJy .. used in the 
manufacture· of synthetic resins and othoer industrial· 
compounds. It is highly soluble in water. 

Phenol is biologically dissimilated in a concen
tration of 1.0 mg/1 at 20°C. in 1 to 7 days under 
aerobic conditions. At 4°C. (39.2 F) complete dis
similation required 5-19 days. Under anaerobic condi
tions dissimilation occurs at a slower rate. 

The U.S.P.H.S. Drinking Water Standards recom
mended limit of 0.001 mg/1 for phenol is primarily an 
esthetic limit, based upon the undesirable taste 
imparted to water by chlorination when even minute 
amounts of phenol are present. 

Mercury has been found to be inert, but enters 
aquatic food chain and becomes concentrated in 
and is transferred from prey to predator. 

the 
fish 
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Limits 
'i~.Q.C. 

T.T T f oc. water emp. 0 test, 

Minimum concentration 
for complete kill, mg/1. 

Maximum concentration for 
no kill, mg/1. 

0 Water temp. of test, C. 

Fish adversely affected, 
24 and 48 hours, mg/1 

TLm, 24 and 48 hours, mg/1 

TLm, 24~ 48, and 96 hours, 
mg/1 

Fresh Water 
Goal Limit of detecta-

bility 
Standard 0.0005 mg/1 

Salt Water 
Goal 0.04 mg/1 
Standard 0.05 mg/1 

Fresh Water 
Goal . Limit of detecta

bility 
Standard 0.05 mg/1 
(interim) 
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Chinook Salmon 
15.5-19.5 

0.9 

0.5 

Bluegill 
20,0 

3,380 

5,640 

.Fish 

Silver Salmon 
12-18 

1. 75 

0.7 

Gambusia 
20.0 

5,600 

Ct. Trout 
9-15 

1.2 

0.9 

Fish are reported to have been harmed by 
phenol concentrations as low as 0.079 mg/1. 
However, the taste of fish may be affected 
by subtoxic levels of phenol in the water. 

The reported lethal concentrations of 
phenolic compounds for fish vary widely not 
only because of the common variables such 
as species, temperature, time of contact, 
dissolved oxygen and mineral quality of 
water, but also because of synergistic and 
antagonistic effects of other substances in 
the water. Many phenolic substances are 
more toxic than pure phenol. 

At this time mercury kills have not been 
reported. 



Miscellaneous 

Arsenic 
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Remarks 

There are a large number of miscellaneous toxicants 
that may be present in industrial effluents. These 
would include mercaptans, sulfides, resins, chlorine 
and residues from metal processing. These are also 
contained in pulp mill effluents. They can be 
readily reduced to near zero levels by effective 
effluent treatment. Because of their adverse effect 
and because they are amenable to removal from waste 
streams, concentrations of these effluents should not 
exceed the limits of reliable analytical detectability. 

Arsenic compounds occur naturally in some waters of the 
Western United States. The elemental arsenic is report
ed to be insoluble in water, but many of the arsenates 
are highly soluble. It is found as a by-product from 
the processing of ores and may be lib~rated as dust. 
It is used in other metallurgical processes in the manu
facture of glassware and ceramics. It is used in 
tanneries and dye manufacture and other chemical 
industries. 

IL 
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Limits 
I,J.Q.C. 

Fresh Water 
Goal None detectable 
Standard None detectable 

Salt Water 
Goal 
Standard 

None detectable 
None detectable 

Fresh Water 
Goal 0.01 mg/1 
Standard 0.05 mg/1 

Salt Water 
Goal 
Standard 
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In addition to their direct toxic 
effects on fish, which may be con
siderable, some of these effluent 
products, as spent sulfite liquor, 
may exert indirect harmful effects 
such as deoxygenation and eutro
phication. 

Fish 

Certain species of fish are killed at 
levels above 0.01 mg/1 after exposure 
of 48 hrs. It is less toxic to may
flies, nymphs and bacteria. 

* Goal, the more restrictive of the quality criteria, is defined as 
the desirable value of water quality parameters, which may or may 
not be practicable at the present time. 

** Standard, the less restrictive of the quality criteria, is pro
posed as an objective to be achieved or maintained immediately 
or within a short period of time. 
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METALS 

Trace amounts of metals are found in various natural waters. 

Effluents from industrial plants may contain many heavy ions which 

could cause death or inhibit the growth of necessary plant life. 

The recommended. levels of these elements are shown in the chapter 

"Toxicities of Elements and Compounds." 

Synergistic effects are recognized and when tw~ or more metal 

elements are present they may have adverse effects at much lower 

levels than either one individually. When they are found in combi-

nation, this factor should be consid~red. 

In closed systems, such. as aquaria and hatcheries, all copper -:.i. 
piping should be avoided, as well as zinc coated pipes. The presence 

of bronze in pump propellers, ring labyrinths.and packing nuts should 

be avoided. Under closed conditions low levels of metals may accumulate 

in the animals, with.lethal effects. 

Stainless steel of low numbers generaliy should pe avoided. 

Phenol treatment of wooden pipes should be avoided. 

The formulae for paints should be obtained before their appli-

cation in aquaria or closed systems to determine whether they contain 

metals. 

As natural waters do carry trace metals to which certain strains 

of fish have become adapted, it is advisable to check water quality 

before introducing strains of fish not previously accustomed to such· 

levels. 

l~ 
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PLASTICS 

The use of plastic materials in all phases of aquaculture should 

be approached with caution. Some of these substances may.offer some 

advantages over older, more conventional materials, chiefly their 

light weight and durability and the. fact that most of them can be pro-

duced in molded form. Experience has shown, however, that their prop-

erties, particularly their reaction to waters of various quality and 

their effects on aquati.c organisms, are not always innocuous. This 

applies even to substances that a~e described as inert and non-

.toxic for most uses. . .. 
, Generally, the pure polymers are non-toxic, but additives may 

be responsible for toxic reactions to fish. In addition to known 

highly toxic additives, as tricresyl phosphate, the manufacturing 

process may incorporate various pigments, dyes, fillers or stabil-

izers, which have unknown toxic effects on fish and o~her aquatic 

organisms. Further, many of these products have a surface coating 

of paint, lacquer, or varnish.which in itself may be highly toxic. 

The major hazard arising from such a coating is associated with the 

presence of heavy metals, especially lead, 
1

although cadmium, barium, 

chromium, antimony, and various organic dyes frequently are employed, 

with possible toxic results. 

Another plastic material, polyvinyl chloride, is virtually inert 

in itself; yet chemicals introduced in the compounding of the polymer, 

including fillers, stabilizers, pigments, etc., may produce t.oxic 

hazards to fish. (Reference No. 1) Thus products made of polyvinyl 

' -
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chloride may or may not be toxic to fish, depending upon the manufacture. 

It becomes apparent that frequently one cannot generalize on the 

toxicity of certain classes of these compounds. 

~- The U.S. Bureau of Sport Fisheries and Wildlife, Fish Control 

Laboratory, La Crosse, Wisconsin, has reported a well documented inci= 

dent of the toxicity to fish of an epoxy cement used to bind fiber-

glass screen holders to troughs. The cement consisted of an epoxy 

resin, an amide hardener, and methyl ethyl ketone as a thinner. 

This combination proved extremely toxic to both rainbow trout and gold-

fish. The conclusion was that, even in a constantly changing water 

supply, such a cement should be thoroughly hardened and well flushed or 

leached before it is used with fish. (Reference No. 3) 

Fishery research investigators at the Marine Science Center, 

Oregon State University, at Newport, Oregon, found that in their work 

on the culture of the larvae of the bay mussel there was a great deal 

of variation in the toxic effects of the same class of plastic com-

pound produced by different manufacturers. 

The phenoxy resins have Food and Drug Administration acceptabil-

ity for all food contact uses. (Reference No. 2). Since aqueous 

solutions of either high or low pH value do not attack phenoxy~ it 

should be in itself rather inert and non-toxic. 

The ABS resins have been found to be toxic to fish. 

Even such an inert substance as polyethylene surgical tubing has 

been known to produce a toxic reaction in man, called thrombophlebitis, 

... 
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after prolonged intravenous use. (Reference No. 1) Such materials 

should be leached in running water for a considerable time before being 

brought into close contact with fish or other aquatic organisms. 

Shellfish research investigators at the Point Whitney Laboratory 

~f the Washington Department of Fisheries have conducted toxicity 

s~uciies on a great many plastic materials. These were undertaken in 

conjunction with bio-assays of 48-hour oyster embryos. It should be 

pointed out that the toxic effects were based on embryonic develop-

ment, and not on the metabolic processes occurring in feeding. Their 

most significant conclusion was that there was no consistency in the 

toxic effects encountered; different lots of the same basic plastic 

material, from the same manufacturers, have varying results. How-

ever, some general conclusions were made which, it should be cautioned~ 

do not eliminate the necessity for checking the toxicity of each new 

lot of plastic material used. The studies at the Point Whitney Labora-

tory indicated the following: 

Polyethylene sheeting generally is non-toxic. 

Polyvinyl chloride sheeting generally is toxic. 

The rigid polyvinyl-chloride extrusions usually are non-toxic. 

Polyvinyl-chloride piping generally has been non-toxic in the 

past; a new formulation has not been checked. 

Based on limited testing, Teflon sheeting was non-toxic. 

Saran piping, poly-propylene rope, and fibreglass are non-tox~c. 

Aged neoprene sheeting and aged neoprene innertubes are toxic. 
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?EST IC IDES AND HERBICIDES 

The ter:n "pesticide" in its broad connotation may include any 

substance used for the control of unwdnted or harmful ani:nal and 

plant life. If they are not judiciously applied, the seconda~y or 

side effects of many pesticides may be extreri!ely ha:rir.ful to fish, i:'".Cn 

and the entire ecological environment. These harmful effects have 

been increasingly recognized, unfortunately mainly bec~use of disasters 

to ~he biota, and a better underst~nding has developed for the need of 

pesticide application controls and permissible concentrations in surface 

waters. Some pesticides have been discarded because of inherent danger, 

long-term residual toxicities, or cumulative toxic build-up that affects 

other organisms. 

Some target organisms are knovm to develop strains that are immune 

to certain pesticideso New and improved chemical compounds are con

stantly being developed, together ·•Ji th a better awareness of t.~e proble::1s 

encountered in pesticide use. 

The literature is extensive on the occurrence of fish kills and the 

effects on the biota of the injudicious use of pesticides. A consider

able amount of research has been conducted on toxic effects on fish of 

a vast number of pesticides at various concentration levels, as well as 

on their residual qualities, the toxic build-up in aquatic org=nisms 

caused by prolonged exposure to sublethal concentrations of pesticides, 

and the transfer effects to other animals, both wild and domestic. 

Without attempting to list or describe all of the known pesticide 

formulations now or fonnerly used, considera:ion is given to the 
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pz:incipal classes of these products and their effects on fish and other 
. . 

aquatic organisms~ 

Many solvents, diluEm~s and other carriers used with pesticides 

also have toxic propert'ies. Solvents, such as xylene, alkylated nap-

thenes, fuel oil and kerosene, have some toxicity.. This effect is 

believed to.bepa:rticularly evident in aquatic environments when solvents 

have an opportunity to be emulsified by riffles in streams. (Reference 

No. 1) 

The addition.of synergists and/or various adjuvants to make a par~ 

.ticular pesticide more effective has· been practiced by the pesticide 

manufacturing ·inciustry for many years. For example, 'sulfoxide is used 

as an effective synergist with rotenone. Adjuvants inc1ude wetting or 
. . . . . . 

spreading agents, stickers, penetrants and emuls'ifiers •. (Reference No .. 1) 

An important.fact.or that rust be considered in th~ effects of pesti~ 

cides is the bi.ological magnification. This occurs' particularly with the 

chlorinated hydrocarbons, such as DDT and Endrin. Many animals, includ ... 
. . :. 

ing fish (and especially oysters) have the ability to .remove org~no

chlorides present at sublethal levels in the surrounding water and store 

them in their ·fatty tissues. Death occU:rs when the animal's food supply 
'' ' 

is restricted, the body fat is mobili%ed and the pesticide that is stored 

in. the fat depots. of the body is.released into the bloodstream. Equally 

disastrous is the mobilization of such b~y fats to fonn ·sex products,. 

which may contai~ sufficiently high levels of the pollutant so that 

normal d~velopmerit of the young is impossible. 
. . . . 

Another serious effect of the biological magnification and storage 

of toxic .residues, . for· example, is that fish may gradually b~ild up DDr 
~· 
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residues of 15 to 20 mg/1 without apparent ill effect, but other fish, 

mammals and birds preying on these contaminated fish may be killed im-

meci;~ely or suffer irreparable damage. Long term or chronic toxicities, 

therefore, are more insidious and difficult to define than acute toxic~ 

ities. Both types for a given compound vary, however, ;·:ith water ter:-.per~ 

ature, water che~istry and biological factors such as age, sex, size and 

condition, as well as with the species of fish affected. In making a 

judg~ent, it is necessary to measure toxicity of a compound in a specific 

environ.rnent, or to have an estimate of all these factors. "Safe" dosages 

for DDT range from 0.01 to l.O lb/acre, indicating the extent of vari-

ation existing as a result of actual and assumed differences in species 

susceptibility, vegetative cover, water chemistry and other factors. 

Reference No. 3 gives an excellent list of the toxicity levels of most 
I 1 

of the common pesticidesc 

Because of these complicated factors, there are insufficient data 

available on the toxicity, both short-term and cumulative, of more than 

a few com~on pesticides or their degradation products. Because of 

their known toxicity it is imperative that the introduction of pesticides 

or their residues to surfcce wate~s be rigidly controlled and minimized 

by all available means. (Reference Noo 4) 

In Reference No. 6 it is recomrnended that in the absence of toxic-

ity data, other than the 96-hour TLm, an arbitrary application factor of 

1/100 of this amount should be used as the criterion of permissible 

levels. 
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In Reference No. 2 it is pointed out that since fish can con

centrate chlorinated hydrocarbons up to 10,000 time~the water quality 

criteria for these substances should be based on this biological mag= 

nification and not on the TLm (50). However, establishment of tolerable 

concentrations of pesticides for.fish requires the consideration of 

food-chain accumulation, tissue residues rendering the fish unfit for 

consumption, potential hazard to fish from reabsorption of fat~stored 

pesticides, and off-tastes or tainting from certain types of pesticides. 

The two main groups of synthetic pesticides are the chlorinated 

hydrocarbons and the organic phosphates. The chlorinated hydrocarbons 

are the more toxic to fish. Many are stable, not metabolized or 

excreted to any degree, and remain stored in tissues. As residue.s in 

soil and marine sediments, they may persist unchanged for many years 

and, consequently, present a continuing threat to animal eommunitieso 

As a general rule, the acute toxicity of this gro~p of pesticides in

creases with the level of metabolic activity so that their pres.ence 

may cause two or three times more damage in summer than in wintero 

The organic phosphates are generally, but not always, less toxic 

to fishes. Some have a remarkable synergistic effect, as EPN and 

malathion, which together have an ·increased acute toxicity of 5D-fold. 

Typically, they hydrolyze or break dovm into less toxic products much 

more readily than the chlorinated hydrocarbons. Practically all per

sist for less than a year, while some last only a few days in the 

environment •. Most are degraded rather quickly in warm water and, 

sequently, are more hazardous to aquatic animals at winter than at 

summer temperatures. 

con-

I 
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The carbamate group of chemicals includes one common insecticide 

called "Sevin." Its acute toxicity to both manunals and fish is quite 

low and it does not appear to present any problem for fish in the con-

centrations normally used. The 96-hour TLm value for bluegills was 

11.0 mg/1, and for fathead minnows 4lo0 mg/1, at 25° c., using the 

commercial grade of Sevin, a 50 per cent wettable powder. {Reference 

No. l) 

The other major group of chemical products that frequently affect 

fish is the herbicides. These can be divided into· inorganic products, 

such as sodium arsenite, copper sulfate and.mercuric chloride (corosive 

sublimate) and organic products, such as Aqualin, Dichlobenil, Dich-

lone and many otherse 

Herbicides, in general» are less toxic to fish than insecticides, 

although there are some notable exceptions, as toxaphene. The inorganic 

herbicides are being replaced in many areas by some of the more effect-

ive proprietary organic products. 

Copper sulfate is a commonly used algicide. Its toxicity to fish 

varies markedly with the water chemistry and it is about ten times more 

toxic to rainbowtrout in soft waters (12 mg/1 as CaCo3) than in hard 

waters. The sulfates of copper and zinc and those of copper and cad-

mium are synergistic in soft waters in their toxic effect on fish. 

Several rosin amine compounds are used as algicidese Rosin amine 

D acetate is sold under the proprietary name of Celrad and is also known 

as RADA. It is tpxic to various fish species at 0.4 to 0.7 mg/1. 

(Reference No. 1) 

~ .... 
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Various aromatic solvents also are used for the control of submerged 

aquatic plants, particularly in irrigation canals. Some of these petrol-

eum or coal-tar derivatives are quite toxic to fish. as well as to other 

aquatic lifee In aquaria, Socal No. 3 at 4~2 mg/1 killed from 40 to 60 

per cent of the white crappies tested. Ortho Aquatic Weed Killer, which 

is 95 per cent aromatic petroleum distillate, had a LD50 of 50 mg/1 in 

72 hours with 3-inch silver salmon. {Reference No. 1) 

The acute toxicity to fish of several commonly used herbicides, 

namely endothal, diquat, hyamine, dalapon and silvex is reported in 

Reference No. 5. 

The use of 2 14-0 has been successful in the control of water 

hyacinth and other emergent water weeds. It is perhaps the most widely 

used chemical compound for weed control, and is not acutely toxic to fish .. 

In laboratory tests the lowest concentration of 2,4-D that caused mortal .. 

ity was 100 mg/1. However, certain esters and amines of 2,4-D have been 

found to be more toxic and, particularly in still, shallow water, may 

hal'tn fish at dosages used for weed control. (Reference No .. 1) 

Of particular major concern in any consideration of the effects of 

pesticides on the aquatic biota are the conditions that may prevail in 

river estuaries. These estuarine areas suffer the cumulative effects of 

pesticide residues brought in from long distances upstream. In addition 

to the long-term residual toxic properties of some of the chemical prod

ucts deposited in the estuaries, there are synergistic effects that result 

when some of these products are brought together in this generally favor-

able environment. The estuaries are extremely important reproduction and 
l 
) 
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living areas in the early life stages of many of our economically import-

ant fish and shellfish. The marine crustaceans, such as crabs, lobsters 

and shrimp, are extremely sensitive to the array of insecticides to which 

they are exposed. Th~ mollusks are also affected and acc~ulate large 

amounts of sublethal concentrations of toxicants in their fatty tissueso 

In general, shrimp are.mJch more sensitive than fish or oysters to all 

types of pesticides. For this reason, the Federal Water Pollution Con-

trol Administration uses shrimp as a yardstick for establishing safe 

levels of pesticides th.at might be expected. as toxicants in the marine 

environment~ 
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FISH TOXICANTS 

In using any toxic substance, it is cautioned that·at least two 

sources be checked for concentration limits t.o insure that no damage 

to human, an-imal or. plant life results. In most cases, competent 

technicians should be employed to apply toxicants. People not 

associated with the work in general should be excluded during the 

operation. 

Rotenone 

Rotenone is the most widely used and acceptable. ·fish toxicant 

because it is effective, comparatively nontoxic to most mam~als, rapid~ 

ly degradable» fairly economical and usvally has no permanent serious 

effects on the nontarget biota. Reasonable care should be used in 
.. 

handling and applying rotenone, however, since eye inflammation and 
'•. 

skin irritation may occur from continuous exposure to the dry, powdered 

form. Persons exposed to emulsifiable rotenone spray should wash im-· 

mediately exposed skin surfaces. 

The powdered form, usually containing 5 to 20 per cent .of the 

active rotenone ingredient, may be the most econ9mical if manpower 

requirements for application are discounted. However, the·toxidty 

of the dry, powdered. root is known to decline in storage, especially 

at higher ai~ temperatures. 

The liquid, emulsifiable rotenone produc~s available commercially 

remain stable in sealed metal containers, and have the advantage of 

easier application; however, the price is higher than that of the 

powdered root. 
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Special commercial formulations of emulsifiable rotenone also are 

available and·have some advantages in certain situations. One corr .. 'Tler-
. - . ' '. 

ciai p~eparation disperses more rapidly in both a' downward an:d horizo:-;-

tal directiori and, therefore, is better adapted to deep waters •. 

Some comin~rcial preparations contain synergists which, it is 
. ' 

reported, produce_- equally tox'ic effects lh'i th a lesser amount of the 

rotenone ingredient. One of ·the synergists used is piperonyl butoxide4 · 

Another preparation uses. sulfoxide as a synergist. · Comparctive resu.l ts 

vary. in different bodies of water with the synergistic products and 

those containing only rotenone,· other. cube extractives, and the 

ca·rrier. It .. should be pointed out, however, that any of the emulsifi:..· 

able, liquid rotenone preparations available may impart dn ur1cieshable 

taste to fish salvaged for food. This may be a considerable fac-tor in 

favor of using· th~ dry, powdered root where ·a .large kill . of desirable 

. food fish is anticipated• 

There are several simple arithmetic methods of determining the 

amount. of rotenone needed to prociuce a desired toxic level in a body 

of water, using either the dry, powdered root or the liquid, emulsifi-

able preparations. There are·also some short cut methods that are 

·convenient in -field work.. Correc't·ion tables are available that allow . . 

for variations in the· actual amount of toxic ingredients, as well as 

·. · · nomographs ·for quick. determination of the rate of disperse:! required 

for running waters and amounts of toxicant required. 

Small·ponds usually are measured in cubic feet and total.pounds of 

water ( 1 cu. ft. ~ 62.4 lbs:) 

62.4 x cu. ft. of water = lbs. of dry root rec;'Uired for 1 ppm 
·1,000,000 

.q 
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For larger water areass 

Surface acres x av. depth in feet x 2.72 = lbs. dry root required 
for 1 ppm (5% rotenone 
content) 

Using emulsifiable (liquid) rotenone: 

1 gal. emulsive per 3 acre feet = 1 ppm by volume, or 

0.328 gal. (2.6 pints) per acre foot= 1 ppm by-volume 

The rotenone concentration required to obtain a complete kill 

varies with a number of factors, including the target species, water 

temperature, water quality, pH, turbidity and dissolved oxygen. The 

required concentration will range between 0.5 and 2.0 ppm. A minimum 

concentration of 0.5 ppm will give good results with most species of 

fish under favorable conditions; that is, when the water temperature 

is not higher than 55 to 60° F. from top· to bottom, the. pH is near 

neutral, the dissolved oxygen is low and the water is not turbid. If 

carp, catfish or other re~istant species are present it may be neces-

sary to use a concentration of 1 to 2 ppm, with repeated treatment, 

to eradicate them, particularly if there are springs or other uncon-

trollable sources of untreated water inflow. 

Rotenone exhibits selective toxic effects on some species of fish 

at certain concentration levels. Temperature and water chemistry also 

are critical factors in obtaining a selective toxic effect. In manag-

ing mixed populations of warmwater species, it is often possible to 

obtain a selective action with rotenone, as in the control of gizzard 

and thread-fin shad. (Reference No. 17) 

Special rotenone preparations are available that will or will not 

penetrate the thermocline readily. Although trout are very sensitive 

to rotenone, low levels of concentration (0.025 to 0.01 ppm) have been 

. --- .. 
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used to reduce the population of warmwater fish in the epilimnion 

-without harming trout in the hypolimnion .. 

Antimycin A (Fintrol) 

Antimycin is a powerful antifungal antibiotic that was developed 

at the University of Wisconsin. Since 1963 the Bureau of Sports Fish

eries and Wildlife Fish Control laboratory at La Crosse, Wisconsin 

has conducted extensive laboratory and field tests of Antimycin A as 

a fish toxicant. (Reference No. 13) This work has shown that Anti~ 

mycin A has some very remarkable properties as a fish toxi.cant. It is 

absorbed into the gills of fish and kills by interfering with the respira

tion of body cells. Its action is irreversible and, once a fish has had 

brief exposure, it is doomed. 

<Ail y very small quanti ties of the substance are required to cause 

lethal effects with fish, a concentration of 1 to 5 parts per billion 

being sufficient with most of the species tested. Antimy·cin A kills 

fish at b.oth cool and warm water temperatures, but toxicity increases 

with water temperature. It does not repel fish. Plankton, aquatic 

plants, amphibians and bottom fauna are not affected by the concentra~ 

tions used to kill fish. Its toxicity to ma:rrnals is very low. It 

degrades rapidly in water and. detoxification occurs within 24 to 96 

hours. The toxicant is slightly more effective in soft waters. 

An important feature of Antimycin A is that it can be used as a 

selective toxicant if applied at the proper concentration level. Carp, 

pumpkinseed and bluegill sunfish are among the species more sensitive 

to Antimycin Ao Freshwater catfish are among the less sensitive species. 

·, 
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In one field experiment large populations of carp and green sunfish 

were completely eradicated by a concentration that allowed northern 

pike and largemouth bass to survive. 

Antimycin A is also toxie to fish eggs at somewhat higher concen-

trations. This is a marked advantage in some trash fish eradication 

projects. 

Antimycin A can be readily detoxified by the use of potassium 

permanganate. In one test 10 parts per billion of toxicant were de-

activated by one part per million of potassium permanganate~ 

Since the antibiotic was shOwn to be extrel"!'lely toxic at concen-

trations as low as 1 ug/1 (parts per billion), a problem arose in 

obtaining adequate dispersal of the sl"!'lall amounts required. This led 

to the formulation of Antimycin A on sand to facilitate dispersal, and 

in application to temperature-stratified and/or weed-infested waters. 

Another interesting feat~re of Antimycin A shown by work at the 

La Crosse Fish Control Laboratory is· its synergistic interaction with 

rotenone. The toxic effect of Antimycin A occurs more slowly than that 

of rotenone, However, the LC50 (lethal concentration causing 50 per 

cent mortality in a specified time) after 48 hour and 96 hour exposures 

of rainbow trout and bluegill to l2° C (53.6° F) showed that the com-

bination of Antimycin A and rotenone is more toxic than either of these 

toxicants alone. (Reference 12) 

In sumnary, Antimycin A at concentrations ranging from 0,1 ug/1 

to 2.0 ug/1, depending on pH and water temperature, will kill highly 

sensitive species such as trout, perch, herring and gizzard shado 

·····-·· 
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Slightly less sensitive species, as carp, minnows and sunfishes, may 

be effectively controlled at concentrations of 2.0 ug/1 to 10.0 ug/1. 

Highly resistant species, as freshwater catfish, gars and bowfins may 

require concentrations of 10.0 ug/1 to 20.0 ug/1, depending on water 

conditions. 

The possible disadvantages to the use of Antimycin A are two. 

First, a rapid degradation of the antibiotic occurs under some field 

conditions, particularly where the pH is high (approaching 10) and there 

is an abundance of free hydroxyl (OH) ions. Under such conditions, the 

rapid degradation of the toxicant has been kno\vn to allow some fish to 

escape. Second, Antimycin A, used at the recommended concentrations, 

at present is much more expensive than rotenone. When formulated with 

sand as a carrier, it~ is bulky and heavy, resulting in high shipping 

costs. 

The Wisconsin Alumni Research Foundation licensed the Ayerst labor-

atories, New York, to produce and market Antimycin. The commercial 

product is called "Fintrol." It was registered as a toxicant in June, 

· 1966 and has· been approved by the Pesticide Regulations Division of the 

United States Department of Agriculture for use. in freshwater fishery 

management. 

Chlorinated hydrocarbon compounds 

Many of the organic pesticides, and particularly the chlorinated 
. . 

hydrocarbon compounds, have been used at higher than normal concentra-

tions as fish toxicants.. They have the same objectionable features as 

piscicides that they present as pesticides; i.e., their long-lasting 

toxicity, transfer and build-up effects on other portions of the biota. 
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The most· commonly used chlorinated hydrocarbon insecticide, 

which also has been widely used as a piscicide, is toxaphene (chlorin

ated camphene). Toxaphene is very effective and economical as a fish 

toxicant, as it is lethal to all species at about 0.2 ppm and to trout 

at much lower con.centiations, depending on water quality and physical . 

conditions. (Reference No. 22) However, wide_variations have occurred 

in the length of time lentic waters have remained toxic after treatment 

with toxaphene; some waters have remained toxic for a year or more. For 

this reason, and also because of the effects on the entire biota, 

including cumulative toxic effects in the food chain, the use of toxa-

phene as a fish toxicant has been largely .discontinued by most fishery 

managers. 

The herbicidE{, acrolein (Aqua.lin), has been used experimentally .as 

a fish toxicant. it is effective against mo~t species, including c~rp, 

at 3 ppm, but is more expensive than rotenone. (Reference No. 21) 

Endrin, a chlorinated hydrocarbon insecticide, also has been used 

as an effective fish toxicant at very low concentrations. The same 

objections apply to endrin as a piscicide that apply to other chlorinated 

hydrocarbon compounds. 

Organophosphates 

Recent research indicates that some organophosphat·es, including 

Ethyl Guthion, GC-3582 and OC-3583, may offer outstanding possibili t'ies 

for the control of trash fish. These materials are known to be un-

stable in water and are believed to have little or no accumulation 

tendency in nontarget components of the biota. ·(Reference No. 10) 

~ 
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·Bayer 73 

It has been shp\~n recently that Bayer 73 (com.;1ercial Bayluscide ), . . 

an effettive rnolluscicide, i~ also highly toxic to a~ le~st 18 ~p~cies 

of freshwater fish. Vari_ous temperatures and water qualities in static 

· bio-assays do not influence the toxicity greatly, but pH variations· iri 

chemically-buffered solutions do.· The biodegradability, efficacy and 

relative safety of Bayer 73 indicat~ its ~ossible futur~ usefuiness as 

a general fish toxicant. (Reference No. 15} 

Sodium Cyanide 

Another. chemical that_is very effective as a fish toxicant is 

sod:ium cyanide.· (Reference No. 9 ). It is not used extensively because 

it has not been approved by_ ·the U. s. Food and Drug Administration. 

Approval has not been given because of possible potential danger to the 

applicator. When sodium cyanide is dissolved in_ water, it form~ hydro-

cyanic acid and may release a small amount of hydrogen cyanide gas at 
,. 

the surface. Lethal ·amounts of :this gas are released if the chemical 

comes in contact with an acid~ 

Cresol·· 

· CO!TUilercial cresol has been used in ~9me areas, mainly as a fast

acting means._ of·. s_arilpling· fish popula.tions in small stre·ams •. It provides 

a us~ful collection method in streams where the low conductivity of the 

water renders electric shocking methods· ineffective~ 

Cresol is _available in various concentrations, based· on its 

·phenol equivalent as a disinfectant. The most efficient use is obt.ained 
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from the highly concentrated phenolic emulsifiable disinfectant (coef

ficient 30). It should be cautioned that this is highly toxic to humans 

and extreme care should be taken to avoid contact of the chemical with 

any part of the body. 

The application rate is determined by stream velocity, volume, 

temperature and water quality; however, 1 gallon of cresol (p.e. 30) 

per 4 second feet usually will treat 100 yards of.· stream. 

Fish normally surface within two minutes after treatment is started 

and may be easily captured. A good feature of cresol is that affected 

fish usually recover in fresh water within three to five minutes. Fish 

not captured immediately after they exhibit distress revive rapidly as 

the treated water is displacedo (Reference No. 8) 

Selective toxins 
- ·- . 

A refinement in recent ·ye'ars in the fierd·"of piscicide appli'cc:l;_:.~~i : __ 

tion has been the development of selective toxins. These are extre:7.ely 

valuable tools for the fishery manager, and it is anticipated that 

research and field tric.ls presently underway on additional selective 

toxins will be of great future benefit. 

The most.intensive work and larg~ scale application of a 

selective toxin has been -the development on the Great Lakes of an 

effective lamprey larvicide. Hundreds o.f chemical compounds were 

screened before an effective ni trophenol compound (TFM) and its 

nitrosalicylanilide synergist (CCN) were selected. This work is well 

documented and offers the best hope of restoring the lake trout popu

lations in the Great Lakes area. (Reference No. 16) 



10 

The recent development of another selecti v.e toxin is of particu-

lar interest in the Pacific northwest, where infestations of squaw-

fish in lakes and reservoirs often present a problem to the fishery 

manager. This toxicant, which is selective to squawfish, was developed 

by Dr. Craig MacPhee, assisted by Mr. Richard Ruelle, at the Univer-

sity of Idaho •. (Reference Noo 23) The chemical compound was developed 

as the result of an extensive bio-assay screening program sponsored by 

the Bureau of Commercial Fisheries, Columbia River Fisheries Program 

* Office. The compound, termed "Squoxin," is a nonchlorinated hydrocarbon, 

C 21 Hl6 02, referred to as methylene-1,1'-di-2-napthol. The patent for 

its use has been assigned to the United States Governmento The com-

pound acts on the nervous·system of the squawfish as a vaso-constrictor, 

thus preventing efficient use of oxygen and the proper function of the 

capillaries. It has the following attractive featuress 

1. It is lethal to squawfish at the low concentration of 

0.1 ppm and is not harmful to salmon or trout at this level. 

2. It has no effect on aquatic insects or other fish foods, 

humans or land animals. 

3. It is a slow-working but short-lived toxin that becomes 

ineffective within a few hours. 

4. It does not act as a repellant~ fish apparently are 

unaware of or undisturbed by its presence. 

5. It is economical and efficient. It is easy to provide 

metered application of the liquid toxicant. Good water 

diffusion is obtained. 

* See Reference No. 24 
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, Thanite 

The common liquid insecticide sold under the name _of "Thani te" 

is 82 per cent isobornyl thiocyanoacetate and 18 per cent other active 

terpens. It has been shown to be an effective selective toxin in warm 

water fishery management. This product is two to three times more 

'-"'12 sensitive to centrarchids, as bluegill and gr~en sunfish, as well as 

rainbow trout, than it is to cyprinfds and ictalurids, as the golden 

shiner, channel catfish and black bullheads. Since overpopulation by 

sunfish as forage species is a common problem, Thanite is an effective 

tool. It has another advantage in that adult bass and sunfish can be 

salvaged unharmed if promptly removed to fresh water. The action of 

Thanite is sim~lar to that of sodium cyanide, but it is not so poten-

tially dangerous to handle as cyanide. The cost-of treatment with 

Thanite is comparable to that with rotenone. 

' 1-- It should be mentioned tha~ the use of isobornyl thiocyanoacetate 

has not been approved by the U. S. Food and Drug Administration for 

fish population control, and it probably will be confined to experi-

mental fish control work. (Refe~ence No. 5) 

_, 
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*Conversion table to determine number of 50-
pound bags per 1,000 pounds when rotenone 

content varies between 5 and 10%. 

All rotenone requirements based on material 
having a 5% rotenone content 

Rotenon~ percentage 
(indicated on bags) 

Number of 50-pound bags 
required to get the 
equivalent of 1,000 lbs. 
of 5% rotenone. 

5.0% 
5.2% 
5.4% 
5.6% 
5.8% 
6.0% 
6.2% 
6.4% 
6.6% 
6.8% 
7.0% 
7.2% 
7.4% 
7.6% 
7.8% 
8.0% 
8.2% 
8.4% 
8.6% 
8.8% 
9.0% 
9.2% 
9.4% 
9.6% 
9.8% 

10.0% 

Example: 

No. of bags 

20.0 
19.23 
18.52 
17.86 
17.24 
16.67 
16.13 
15.63 
15.15 
14.70 
14.29 
13.89 
13.51 
13.16 
12.82 
12.50 
12.19 
11.90 
11.63 
11.36 
11.11 
10.87 
10.65 
10.42 
10.20 
10.00 

If a biologist desired 17,000 pounds of rotenone and the material 
on hand was labeled 6.8%, he would get 17 times 14.70 which equals 
249.9 or 250 50-pound bags. 

*From State of Washington Department of Game Table. 
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Basically, avoidance can be defined as a reluctance or refusal 

o= fish to move from one place or situation to another. Avoidance 

reaction can be immediate or from long-term exposure to a changed 

condition. 

Fish apparently do not recognize danger areas if they are 

already adapted to conditions as the high velocities that may exist 

at diversions. If downstream migrants are in high velocities, they 

may choose to remain there and avoid changing to lower ~elocities. 

Conversely, if they are in low velocities they may refuse to enter 

higher velocities, such as those encountered in ferrying across a 

stream or screen face. Upstream migrants do not avoid high veloc-

ities, although such velocities can result in their being swept 

into the buckets of dams. (See chapter "Swimming Speeds.'') Fish 

may enter areas of high turbulence by darting movement but normally 

they avoid such areas at sustained swimming levels. 

In general fish may become locked into a condition, whether 

good or bad. 

Fish may avoid high temperatures as they are capable of sensing 

low temperature differences, but they may remain in temperatures at 

their upper tolerance level for long periods of time before moving 

to cooler areas. This could be defined as long-term avoidance. 

(See chapter "Temperature - Effects on Fish.") Fish acclimated to 

high temperatures that are near their upper tolerance may more · 
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readily move to even higher temperatures than do fish that are 

acclimated to temperatures weli below this threshold. Conditioning 

preceding avoidance movement may be· the important triggering effect. 

Fish may avoid pressure changes 9 although they can become 

accustomed to considerable depth over a period of time. 

Fish may avoid light intensity changes, both high and low, as 

they do when seeking shadow areas in fishway passage. (See. chapter. 

"Artificial Guidance.") 

Fish may avoid sudden noise or movement, but ignore the same 

noise or movement if it continues over a long period of time. 

They may enter contaminated areas even if such are danger areas 

as they apparently do not recognize all contaminants: 

They will avoid ele.ctric shock b'!.lt there is no evidence that 

they have a directional response if trapped in moving water, under 

which condition they may dart into a field .. In still water they 

may learn to avoid electric stimuli. 

Fish do en.ter areas of low oxygen level, apparently seeking 

ways through such areas, but generally appear tQ avoid total areas 

of low. oxygen levels simply .because of their inability to· survive 

within. Fish are known not to avoid water with supersaturated 

nitrogen and may be so trapped and killed.· Siltation levels must be 

high to cause long-term avoidance. (See chapter "Silt and Turbidity.") 

Their general behavioral pattern of movement indicates that they 

will .ultimately seek velocities near their cruising speed limit for· 
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movement. They will -penetrate silted water. They will generally 

avoid bright lights. They will adapt to both temperature and depth 

or pressure situations if not le.thal. If held in waters near their 

upper tolerance· level, they ultimately will seek. cooler waters. 

They also may seek cooler waters, if food is in short supply or if 

conserving body fats is required. They will respond to shadow and 

light patterns, generally favoring cover. In clear water downstream 

migrants usually mov~ in darkness periods, but under turbid conditions 

they will move in daylight. 

Fish react to certain chemicals, although not many have been 

tested. If possible, they apparently avoid sublethal levels of 

copper and zinc. They may avoid chlorine as low as l milligram per 

litre but, if locked into a situation where chlorine is. present at 

levels of 0.1 mg/1, they may choose to remain there, although the 

concentration finally may be lethal. Fish do not avoid all pesti-

cides and he~bicides, although salmon and trout react by refusing 

to enter areas that have 2,4-D in extremely low concentrations. 

Fish normally avoid exposure and constriction, although these 

tendenci~s are negated when they are required to accept trapping 

by movement from a larger to a smaller space to gain direct move-

ment. Transition should be provided to avoid abrupt spatiai changes. 

Fish avoid odors and apparently are able to recognize the repre-

sentative odor of their home stream. Odors that cause sharp reactions 

are those of mammalian skin, particularly man, dog and bear iri which 

U· 
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L-Serine has been identified. A single introductior. of L-Serine 

may cause avoidance of up 'to 20 minutes. There is good evidence 

as to the synergis~ic effects of various combinations of 'temperature, 

light and odor; therefore, the m~st acceptable level known should 

be provided at all passage facilities. 
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HATCHERIES 

Hatcheries have an important place in fishery management. In.~ecent 

years their efficiency has been greatly increa.sed by: the application of in-:- • 

creased knowledge. of the biolqgical needs of fish and by improvemen~s in 

fish ~ul tural methods in the areas of egg hatching facilities., rearing pro ... 

cedures, and disease prevention and control'. This ~nc~eased,effici~ncy has 

re~ulted in increased growth and hig~er survival rates for juveniles, and, 

therefore,.greater adult +eturns. Planting techniques have.not improved 

proportionately. 

The values of hatcheries- lie.in several functions: 

(1) to mitigate fish losses caused. by construction of barr.iers to natural 

spawning and rearing areas ancl/ or diversion of stream flows fo.r water uses; 

.. •Ci)":'-to maintain and increase overexploited fish stocks;. (3) to mitigat;e fish . . . 

losses caused by polhttion or alteration of. the natural envirortmen~; (4). · 

to stock or rehabilitate habitable areas· -where fish populatio,ri.s have been_ 
. . 

eliminated or.badly depleted by unfavorable conditions or to utilize new 

areas not available bE\cause of obstructions; (5) to enhar:ce produ·ction in 

areas where natural production potential (rearing capacity) ·is .·not ·r~alized; 
. . . 

and (6) to introduce species that are suitable to an altered environment, 

1 as are warm-water. or pan fish ·t;o certain reservoir areas. 

Hatchery production of Pacific salmon includes. all .'five West Coast .. 

~ species. The best results are obta~ned with coho .and fall chinook salmon.: 

Spring ch-inook are now being successfully handled in limited areas . Some 

· k.okanee ('landlock~d· sockeye). eggs also are taken at a few loc~tions ·for 

I 
lake and reservoir stocking.· 
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Hatchery production of trout is. concerned chiefly with indigenous 

or long-established species, principally steelhead and resident rainbow. 

Native cutthroat trout are propagated in·some areas where they occur 

naturally. The introduced Eastern brook charr is propagated to a limited 

extent 'for special· stocking requirements, such as high mountain lakes 

w l:ere it is self-sustaining. Only small numbers of" brown trout, 

another introduced·species,·are reared. 

There are many hatcheries for warm-water species whose specific 

function is to supplygame fish. There is a. large industry dependent on 

pon!} culture for various species. The most recent is the use of heated 

water effluent in fish cultural work to speed up the hatching and rearing 

time or to make available large numbers of fish in warm water pond rearing. 

Few hatcheries !are ideally suited for handling both wanri and cold 

water specfes and few are suitable for both maintaining a brood stock and 

. rearing salmon. Rainbow trout brood stock w.ill not produce satisfactory 

eggs if the water temperature is constantly over 56° F., whereas salmon 

and steelhead fingerlings for rapid growth require water in the upper 

portion of the optimum temperature range•(55 to 60° F.). 

Around the 50th parallel, incubation temperatures below 42° F. have an 

adverse effect on salmon and rainbow trout eggs, causing excessive losses. 

It is recognized that north of this parallel the optimum requirements de-

crease and south of this parallel they increase. The 

change in the optimum temperature range may also be affected by altitude. 

Then the amount of.water required for egg incubation at locations where 

heated water can be obtained cheaply makes its heating to optimum range 

feasible, thereby increasing the efficiency of the hatcher~ 

·· .. 
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Sudden drops or rises in temperature should be avoided during the 

critical tender stag~s of egg development. 

Warm-water fish, ~ncluding largemouth bass, sunfish, catfish, and 

crappie, are nbt propagated extensively iri the Northwest because of their 

limited use·and because it is normally a cold-water environment. 

In contrast to fishery management policies that have required 

. further restrictions on fishin'g seasons and· gear for catch limitation, 

. properly planned hatchery operations may'often permit.greater catches. 

(See references No.5, 11, 18, 21, 32, 33, and 35.) Continuing studies 

during recent years indicate an overall benefit-cost ratio between 2 and 3 

to 1 for hatcheries. The estimated average catch-escapement ratio for 

the hatcheries.under study was between 3 and 6 to 1. (See references 

No • 5, 33, and 35 . ) • 

For species differences as to timing, fecundity, and size, see 

chapters "Useful Factors in the Life History of the Most Common Species" 

(For egg sizes see table.beginnirig page 34) and "Spawning Criteria." 

In site selection for a once-through-flow-system hatchery,· the primary 

requisite is a constant, ample supply of clear, good quality water,' within 

the optimum temperature range and free from disease 'organisms •. (See 

1 chapter "Temperature - Effects on Fish.") 

The water supply must be adequate to maintain a year-around sustained 

. flow for the hatchery and pond system in accord.ance with the planned fish 

i production capacity. It must be legally protected from upstream diversions, 

impoundments, or.degradation of water quality. Its source may be rivers or 

.3. small streams, 'deep wells, artesian wells .or springs; lakes or reservoirs, 

or a combination of sources, each of which has advantages and peculiar 
i 

' 
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problems. Streams and rivers are subject to fluctuation, which usually 

carries considerable amounts of debris that req1ire screening at the intake. 

Silt is also a problem in some streams, and requires a settling basin. 

Streams, lakes, and_ reservoirs support hosts that transmit disease or-. . . 

ganisms. Deep wells require pumping and frequently carry an excess amount. 

of nitrogen that must be dispelled. Lakes and reservoirs often promote 

excess algae growth; they also may present temperature problems, depending !. 

on the extant of water level fluctuation and the location of the hatchery 

water intake. A multi-level intake may be required. All intake from .. "'· 

streams and lakes require ·that small fish be screened out of the water 

supply. In cold. areas the intakes must be protected against freezing or 

frazil ice. 

Hatcheries should be located away from Jl9ocf p'iains· ·or- adequately 
--. :----._. '7• 

protected from floods. 

Reliable power supplies must be available within reasonable distance 

for station operation or from a supply on station. 

The hatchery should be accessible by good roads at all seasons, as 

well as within reasonable distance of schools, stores, and other living 

requirements of station personnel. Ease of communication is also an es-

sential item. [ 

Water recirculation and reconditioning offer advantages, particularly 

where the amount of water available and the incidence of fish diseases are 

limiting factors. The cost of recirculating water versus the cost of a 

once-through system can be compensated for by increased fish production. 

(See reference No. 20.) Recirculating systems may be used at either 

hatcheries or rearing ponds, or at both. The water re-use requires a 

replacement supply of 5 to 10 percent. • 
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A major problem in a water recirculation system is the gradual buildup 

of metabolic wastes. In reference No. 37 it is shown that at stocking rates 

of less than five pounds of fish per gpm, urea was the principal product, 

and had no apparent harmful effects; however, above five pounds of fish per 

gpm, ammonia was dominant, and was toxic to fish when they were continuously 

exposed to concentrations of the un-ionized form as low as 0.006 ppm. A 

biological filter system ~s needed to provide nitrifying bacterial beds 

for the transformation of ammonia wastes into harmless nitrates. pH con

trol can be satisfied by using oyster shells or chemical additives. Oxygen 

replenishment and carbon dioxide dissipation is accomplished by re-aerating 

devices in the water reconditioning system which will provide 90 to 100 per 

cent aeration at saturation levels. The small amount of replacement water 

required has several advantages. It makes sterilization easier when using 

sand filters and ultraviolet radiation. The filters first remove particles 

larger than 15 microns, including silt, protozoan disease organisms, and 

parasitic trematode worms. This is a necessity to allow for use of ultra

violet rmiation, which is effective in destroying disease organisms smaller 

than 15 microns, including some protozoans, bacteria, and viruses. Water 

temperature control in a re-use system frequently can be achieved by the 

amount of replacement water introduced. Another method is to route approxi

mately 10 per cent of the recirculating water, or as needed, through a 

heat exchanger for cooling or heating. (See reference No. 20.) 

For the control of parasites, disease organisms and bacteria other 

than by ultraviolet methods, see chapter "Fish Diseases -Types, Causes and 

Remedies." 

---------- --------
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Egg losses in hatcheries have been greatly reduced by the introduction 

into the water supply of fungus-inhibiting chemicals, such as malachite 

green. One such system is shown on Exhibit A. 

~pica! treatment of affected trout brood stock sometimes is undertaken. 

Careful handling and avoidance of overcrowding will reduce injuries and 

abrasions, ~hich serve as an entry point for Saprolegnia, the common 

fungus infection. Some fish culturists prefer to keep brood stocks in 

earth ponds in order to avoid abrasions from concrete walls. 

Excessive growth of algae in hatchery water supplies may clog screens, 

valves and nozzles, and, in extreme cases, hinder fish activity by clogging 

gills and interfering with respiration. Heavy crops of algae in warm-water 

ponds may produce oxygen supersaturation in daylight and sufficient deple-

tion at night to cause fish kills. A method of overcoming this is. to in-

crease the number of water changes per hour. Algae grow in great profusion 

in water courses rich in nutrients. Green algae grow best in water tempera-

tures of 77 to 95° F. but are found at lower temperatures. Blue-green algae, 

often considered as one indicator of water pollution, grow best in water 

temperatures of 86 to 104° F. but are found at temperatures below this 

range. 

Copper sulfate is the most widely used chemical for control of micro-

scopic and single-filament algae. It is not effective against branched 

forms or leafy waterweeds. The effective concentration may be close to the 

tolerance level for fish, especially salmonids, depending on mineral content 

of the water and, if used, must be closely regulated. In soft water with a 

total alkalinity of 50 ppm or.less, the maximum dosage of copper sulfate 

considered safe for fish is 0.25 ppm for a single application. In hnrd 
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waters where total alkalinity ;is above .SO ·ppm, concentrations. up to 1 ppm 

or even higher may beused, depending on the. tqtal alkalinity. 

Certain commonly sold commercial ma t_ez:ials should be avoided in 

hatchery constructions_ where they would co)lle in contact withthewater supply, 
. . . . 

such a~ cdpper, galvanized pipe, cadmium plated screens and fittings, some 

aluminum and low numbered stainless steel alloys and le~d (including 

solder). B~onze fittings and impellers should be avoided. 

Many paints, particul,arly .rust-preventative types, lacquers, 

varnish, and some plastics, contain materials that may be· toxic. · 

Creosote,, which .contains phenol, must be avoided·. 

Fresh concre.te may: be somewhat toxic until it has been leached in 

running water or thoroughly cured. 

See chapters "Toxi~i ties. of Elements and Compounds," "Plastics, 11 

"Pesticides and Herbicides," "Water Qualit::;:," and "Metals." 

Adult salmon and . s teelhead ponds· require · speci a1·. consider a tiort. 

Large ponds are preferred to avoid overcrowding~ .Within suitable dissolved 

lj oxygen and water temperature ranges; adult holding capacity is based on· a 

maximum of . tWo' 'pounds of .. fish per. cub,ic foot of w~ ter' with a complete 

\1 .. 
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water change 1.5 times. per hour. Where possible, holding ponds should be 

located whe_re there· is a good attraction :flow to encourage voluntary en- · 

trance of spawners_. In general. , . they should ·be adapted to eliminate un-

neces~ary handlingli and for convenience in spawning operations. 

Frequently they are built in tandem~as an aid in separating male 

and ·female,. as well as se~ually ma t:ure and immature fish~· · · Freeboard . up· t~ 

six feet may be required to prevent _fish from jumping out of the pond. A 

portion of the pond surface is-sometimes screened to provide shade. as. an.aid 
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in keeping the fish quiet. Some holding ponds are made with sloping side 

walls to discourage jumping. In ponds with a surface inflow through a 

rack or screen at the upper end, a considerable amount of crowding, jumping 

and fighting the intake structure may occur, with consequent injury to fish 

and eggs. This can be eliminated by providing an upwelling type of water 

inflow from the bottom of the pond. 

Trout brood stock ponds usually do not differ greatly from the type 

generally used for rearing, except that they may be larg·er and deeper. As 

the fish_are held for indefinite periods, the trout brood stock pond usually 

is operated considerably below its maximum capacity under ideal conditions 

of oxygen and water temperature. Some fish culturists prefer partially 

shaded earth ponds for this purpose to simulate natural conditions and 

prevent unnecessary disturbance and possible injury to the fish. All ponds 

should be provided with complete drainage facilities. In sockeye holding· 

ponds, the upwelling method is the only one that is acceptable. See 

chapter "Rearing Ponds" for currently used sizes and loading capacities 

versus water supplies. 

The main hatchery building is used primarily for egg incubation and 

initial feeding of fry, and includes storage room for baskets~ trays, 

screens and other fish-cultural equipment~ as well as personnel facilities, 

including office and laboratory space. The building should be located 

near the ponds and other station operations. A conventional salmon ha.tchery 

might be provided with troughs 16 feet long, 16 inches wid~ and 16 inches 

deep, placed in tandem with individual water intake gate valves. In 

·salmon hatcheries the newly-fertilized eggs are water-hardened, measured 

and placed immediately in hatching containers. Depending on the type 
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of hatching container (basket, tray, barrel or box) individual egg capaci

ties may vary from 30,000 to 50,000 per basket, from 8,000 to 10,000 per 

tray, and from 250,000 to 500,000 in a barrel or box. The capacity of:these 

containers depends on the following: egg size (see Table 1), availability 

of oxygen (see Chapter, Oxygen) and needs of individual species. 

trays are used for chum fry, biological rings are recommended. 

When 

It has been found that hatchery fry at swim-up time are generally 

smaller than fry emerging from natural spawning grounds~ Fish culturists 

have developed various methods to increase the fry size, which lessens 

growth time and, consequently, improves survival rate. 

After the first 24 to 48 hours, the eggs become tender and are not 

handled until they reach the eyed stage, which usually occurs in two to 

three weeks, depending on temperature, or within approximately one-third of 

the total incubation period. In five or six weeks after hatching, L~e yolk

sac fry or alevins absorb all of the ~lk material, swim actively toward 

the surface and start feeding. When the eggs are eyed, they usually are 

shocked by syphon action, the infertile eggs are removed, and the others 

placed on trays and stacked. As the embryo develops, the oxygen requirement 

increases. Eyed eggs require 12 to 20 (an average of 15) gpm inflow per 

trough, with the water directed up from the bottom through each tray. 

Salmon and trout fry m~ be transferred to ponds or feeding tanks as soon 

as they reach the feeding stage, 

A minimum aisle working space of two feet must be provided between 

each battery of two troughs, A working space corridor across the hatchery 

at each end of the troughs of at least six feet in width is recommended. 

Troughs may be constructed of wood, concrete, fiberglass or aluminum. 
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Many trout hatcheries and some salmon hate reries use shallow troughs 

16 feet long, 12 inches wide and 8 inches deep. This type of trough might 

be used to incubate up to 50 9 000 steelhead.eggs per basket, 6 baskets per 

trough, and to feed up to 25,000 or 50 pounds of fry at a water inflow of 

10 gpm.· Care must be taken that baskets and screens are not clogged with 

egg shells at the time of hatching. Steelhead fry usually are transferred 

to rearing ponds when they reach a size of about 100 fish per pound. 

The amount of food fed daily to various species of salmon and trout 

is based on a percentage of body weight; taking into consideration the 

type of food, the size of fish and the water temperature. See Exhibit F. 

In newer hatchery design vertical incubator cabinets have replaced 

troughs, and there is a current trend to replace a part of the cabinets 

with barrels or boxes. Incubator cabinets reduce the amount of water 

required for incubation but, more important, they require only about one

half the amount of floor space as troughs, with a proportionate reduction 

for the barrels or boxes. A typical eight-tray incubator cabinet measures 

approximately 2 feet square and 2-1/2 feet high. Two such cabinets may be 

stacked vertically. The frames may be made of aluminum, and the trays of 

fiberglass reinforced polyester resin. The eggs remain in the trays until 

the normal swim-up and the start of the feeding stage. 

Frequently eyed eggs are transferred from one hatchery to another. 

This may occur when one station has surplus eggs. It is much easier and 

more economical to transport eyed eggs than small fish. Some stations may 

have colder water that is better adapted to egg incubation. The optimum 

temperature range for salmon egg incubation is 45 to 55° F. Other stations 

may have warmer water better adapted to the rapid rearing of fingerlings. 

I 
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Temperatures of 55 to 60° F. are desirable for salmon rearing. This is 

also an important consideration in the hatching and rearing of trout. These 

factors must be weigred against th~ possibility of straying, if fish are 

tr cnsferred among stations to lessen the growing time. 

To prevent possible disease transmission, eggs should be disinfected 

before being transferred to another hatchery. 

Provision should be made in ·hatchery ·design for various labor-saving 

devices. These include such item.S as automatic fish :grading and sorting 

equipment for use in ponds, automatic fish feeding equipment, bin loaders 

and fish food conveyors, ade~ate ~riveways between ponds, self-cleaning 

screens~ fish pumps or other mechanized fish loading equipment, and conven-

ient fish weighing facilities. 

-An adequate cold room for storage of fish food must be provided at a 

convenient lo~ation on the station. Its capacity depends on the extent of 

the rearing program, but generally aminimal capacity of 60,000 pounds is 

desirable. This is because food deliveries for.reasons of economy usually 

are made in 40»000-pound lots. Dry foods should be stored at a low humidity 

and dehumidification equipment now is included in plans for such storage 

areas. Since the advent of improved pellet foods, extensive and fast-

freezing facilities are not required. Large food preparation rooms, with 

food.cutting, grinding, and mixing equipment no longer are necessary. A. 

recent concept for large installations is the construction of bulk fish food 

storage areas, using one-ton bins and bin loaders. This takes less space 

and is more economical than storing food in 50-pound sacks. 
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Recent studies of effluent discharges from several hatcheries conducted 

by the Feder& Water Quality Administration indicate that, in order to comply 

with applicable water quality standards, some waste treatment method must be 

adopted. Some remedial measures may be required at existing hatcheries, and 

water treatment facilities should be included in designs for new hatcheries. 

The problem of water pollution from hatchery discharge lessens if a 

hatchery uses a water reconditioning and re-use system, which results in 

a lesser outflow. Partial treatment also is afforded by biological filters 

and ultraviolet sterilization; however, the discharge of filter backwash and 

skimming water one or more times- daily may create some problems. An ade-

quate hatchery waste disposal system should provide filtration and aeration 

facilities, sedimentation by means of a settling basin, and means of dispos-

ing of .solid wastes. Two-hour holding should be considered. Chemical 

treatment of waste water also may be required. The once-flow-through type 

of pond system using much larger flows, presents greater problems in design-. 

ing pollution control equipment. 

Shop and garage buildings are required, usually combined, where 

station automotive and other equipment can be maintained. Automotive 

equipment should include one or more pickup type trucks for hauling equip-

ment and supplies, and should be· capable of carrying a small, 200-gallon 

capacity portable fish distribution tank. 

The number and size of fish distribution units depends on the pounds 

of fish to be delivered. Often larger units are planned to serve the needs 

of several hatcheries in a region. See chapter "Transportation - Mechanical 

Hauling of Fish." 
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A separate small £~reproof buildingshould b.e_provided for storage 

of paint and volatile or high1y in!lammable liquids •. 

Ade cpate fire protection should be provided for all buildings, with 

fire hydrants and hoses at convenient locations. 

Satisfactory-family .housing 1 as well as bachelor quarters, should be 

provided for permanent members of.the hatc;hery staff.· It is advantageous 
. . ~ 

'to have a minimum number of employes living on the.9tation in the -event.of 
' . ' . . 

emergencies and as a precaution-against theft.and vandalism. 

Other items Of .consideration .in hatchery design include the water 

pipelines, gradients for gravity flows, intakes and discharge structures. 

Adequate valves m1.1stbe provided.at the'intake and thrOughout the hatchery 

and pond system so tha.t t}l¢ water can be controlled and distributed as 

desired. Trash racks ai1d self-cleaning screens may•be necessary_ on the 

water intake siructur~. Alarm sy_~tem-s- s'hould be installed- tcr~·giver -positive·· 

warning in case of either power or water supply failure. Diesel-powered elec-

tric generators should be available on a stand-by basis .in the event of. 

a major power supply outage, particularly where. pumping is required. 

Eggs and fry must be protected against dire·ct. sl1:nli:ght •... Hatchery 

· ?!OOiil.s should remain in darkness when not being serviced by persom:lel. 
' - ' \. . 

Filament lighting is recommended~ver fluorescent lighting. ·General illiJmina

.tion should be reld at a level to make possible safety and movement. Direct· 

working ligh_ts should be provided for· servicing_ troughs a:rtd cabinets. • 

Civil Service and other labor re cpirements may .dictatE! the number o.'f 

people at a station. The. general policy ;is to maintain as few perma-nent · · 

personnel as possibie~ augmenting this for~e ·by temporary help during t;he 

fish-handling season • 
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For comparative purposes, one man-year is required for each 20,000 

to 25,000 pounds ·of fish produced. 

There are many me~ns of marking and tagging fish to measure recovery. 

Some of the methods that have been developed in· recent years are described· 

below. 

Tetracycline is included in the diet of young fish to cause· a deposit 

to form in the bony tissues which becomes a fluorescent gold color when 

illuminated by ultraviolet light. 

Cold-branding of young salmon and steelhead has been used successfully 

for short-term marking (about six weeks), with some brands remaining visible 

for a much longer period. The branding tool is cooled in a mixture of ace-

tone and dry ice at minus 78° C. Liquid nitrogen may also be used as a cool-

ing .agent. 

Various tatooing and metal dart insert·ing instruments have been de-

veloped and radioactive isotopes have been used experimentally. 

One of the chief objections to most fish marking techniques is that they 

allow little or no identification of the individual fish. .Where this is needed, 

some form of serially numbered tag is required for later reading. · Sonic tags 

transmit signals which enable the fishery biologist to chart the location and 

movement of individual fish. Sonice ta"gs are expensive. Although their size 

has been reduced, they are still difficult to .insert, causing difficulty for 

·use with large numbers. · 

Numbered tags in widespread use are made of monel metal and are 

similar to cattle ear tags. These usually are attached to the gill cover or 

the base of the caudal fin. Various modifications of paired metal and 

plastic disc and button type tags, first used in Europe, have also been 

used successfully here. These often are attached by means of a rustproof 

wire through the base of the dorsal fin rays, or through the gill cover. 



.. 

•• 

I 

.j 

II" 

15 

Other less ~ommonly used tags are the plastic spaghetti and silk streamer 

types. Internal metal and plastic tags have been used on some marine 

species b¥ means of a.small .incision into the body cavity. 

Tatooi~g by fluorescent dye is used for short-term marking. Fish 

also may be identified for shor-t periods by spraying techniques. 

Fish .handled for tagging frequently are anaesthetized. See chapter 

"Use of Anaesthetics and Transquilizer Drugs in Fisheries. Work." 

A tag that has had widespread, successful use is.the coded wire tag 

inserted in the snout • 

Elevationaffects the availability of oxygen. This is shown in the 

table on Exhibits B and C, and in the chapter Oxygen. 

As an·aid in determining the changing :t;"equirements of fish because 

of size and temperature, see Exhibit D. 

The effect of oxygen on weight gain, food consumption and food con

version is shown on Exhibit E. It is evident th~t as the temperature reaches 

40° F. the ability of the fish to assimilate food is materially reduced. 

This is shown on Exhibits F, G and H and is ·also covered in reference No. 

39. This suggests tha·t feeding might be reduced to once a week when the 

temperature is at 40° ·F. or below. Hi.gh temperatures increase the metabolic 

rate, as shown on the exhibits. It is also indicated that salmonoid fish 

reduce their feeding when temperatures are above 62° F. 

The calorific content of various foods and their conversion is shown 

on Exhibit I. 

As.an aid in determining fish per pound related to inches of weight 

of fish in grams or ounces, refer to Exhibit J. 
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A method of computing pumping costs developed by the Washington De-. 

partment of Fisheries is shown on Exhibit K. 

Rates for stocking natural ponds or lakes with hatchery fish vary 

with the size of the fish.. Three hundred to 500 small fingerlings per 

acre may be planted. Not over 150 per acre is recommended in the two to 

three inch range. Approximately 260 per acre is recommended in the three 

to four inch range, 200 per acre at the five to six inch range, and 140 

per acre at the eight to ten inch range. In rehabilitated lakes the 

stocking rate may be increased to 500 to 700 pounds of small fingerlings 

per acre. 

To help in determining size factors, included are tables and exhibits. 

1 
1 

.E 

I 

~ 



l.. 

c • 

I 

! . 

I 
L· ... 
I ·, 
i. 

I 
I 

1 . 

L 

i \ 
i ' 

17 

Table 1. Approximate number of temperature units required for 
egg hatching and swim up for Pacific salmon at 50° F. 
(1 unit.for each 1° F. above 32° F. for 24 hrs) 

Units to hatching Units to swim up 

Chinook 900 1,700 

Coho 850 1,500 

Sockeye 1,350 1,900 

Chum 950 1,200 

Pink 1,100 1,800 

A rule may be applied that hatching uses 2/3 ofthe day degre,es needed 
for swim up. 
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Table 2. Variability in heat needed over a time period is shown 
by the following tables. 

Temperature 

40° F. 

42° F. 

44° F. 

48° F. 

54° F. 

34 o F. 
36° F. 
38° F. 
40° F. 

__ 42°. E. 
. :;:4.4°.: F. 

46° F. 
48° F. 
50° F. 
52° F. 
54° F. 
56° F. 
58° F. 
60° F. 

(See Reference No. 41). 

Units to hatching 

Pink salmon 

.1,003 

1,115 

1,172 

1,309 

1,467 

Sockeye 

450 
734 
942 

1,201 

1,254 

1,365 
1,441 
1,523 
1,626 

Units to swim up 

1,520 

1,690 

1, 776 

1,984 

2,222 

682 
1,112 
1,428 

-"'".;l_' 690 

1,820 

1,908 

2,068 
2,184 
2,308 
2,464 

:J 

f. 
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Table 3. Suggested 'conditions for the storage of Oregon 
Moist Pellets and Abernathy Dry Feed and food 
size for various fish sizes. 

Long term storage 
conditions 

Short term storage 
conditions 

Feeding conditions 

'Fish size/ 

Oregon Moist 
Pellets 

Keep frozen at 
5-10° F. 

Refrigerate after · 
opening food sack 

Feed to fish when 
water temperature 
is below 45° F. 

Abernathy Dry 
Feed 

Equip storage area with a 
dehydrator to keep food dry 

Hold in dry area after 
opening food sack 

Feed to fish when water 
temperature is above 45° F. 

. ration size (For both Oregon Moist Pellets and Abernathy Dry Feed) . 

Fish Size Feed Size in inches 

1200-1000 fish/lb Starting mash 

(Note: Mix 1/32 pellets with starting mash initially; 
by the time fish are at 900-800 fish/lb feed 1/32 
pellet only) 

1000-500 fish/lb 1/32 pellet 

500-250 fish/lb 3/64 pellet 

250-150 fish/lb 1/16 pellet 

150-50 fish/lb 3/32 pellet 

50-15 fish/lb 1/8 pellet 

15 and above fish/lb 3/16 pellet 
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POND LOAD FACTORS AS RELATED TO LENGTH OF TROUT AND SALMON 
TO ESTIMATE WEIGHT OF FlSH (LBS.) PER GPM INFLOW 

Water temperatures (F .o l 
45 . 46 47 48 49 so 51 52 

:2.24 2.18 2.11 2.05 1.98 1.92 1.86 l. 79 

2.18 . 2.11 2.05 1.98 1.92 1.86 1.79 1.73 

2.11 2.05 1.98' 1.92 1.86 l. 79 1.73 1.66 

2.05 1.98 . , 1. 92 1.86 l. 79 1.73 1.66 1.60 

1.98 1.92 1.86 1.79 1. 73 1.66 1.60 1.54 

1.92 1.86 l. 79 1.73 1.66 1.60 . 1.54 1.48 

1.86 1.79 1.73 1.66 1.60 1.54· 1.48 1.40 

1. 79 1.73 1.66 l.60 1.54 . 1.48 1.40 1.36 

l. 73 1.66 1.60 1.54 1.48 1.40 1.36 1.33 

1o66 1.60 1.54 1.48 1.40 1.36 1.33 1.29 

1.60 1.54 1.48, 1.40 1.36 1.33 1.29 1.25 

F X L = W 
F = Load factor 
L = Length of fish in inches 
W = Weight in pounds per GPM inflow 

Prepared by Bruce B. Cannady 
Aprii 23, 1969 
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1. 73 

1.66 
. -~. 

1.60 

1.54 

1.48 

1.40 

1.36 

1.33 

1.29 

1.25 

1.21 
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1.66 

1.60 

1.54 

1.48 

1.40 

1.36 

1.33 

1.29 

1.25 

1.21 

1.18 

c 

POND LOAD FACTORS AS RELATED TO LENGTH OF TROUT AND SALP.ON 
TO ESTIMATE WEIGHT OF FISH (LBS.) PER GPM INFLOW 

Water temperatures (F • o) 
55 56 57 58 59 60 

1.60 1.54 1.48 1.40 1.36 1.33 

1.54 1.48 1.40 1.36 1.33 1.29 

1.48 1.40 1.36 1.33 1.29 1.25 

1,40 1.36 1.33 1.29 1.25 1.21 

1.36 1.33 1.29 ' 1.25 1.21 1.18 

1.33 1.29 1.25 1.21 1.18 1.14 

1.29 1.'25 1.21 1.18 1.14 l.ll 

1.25 1.21 L1B 1.14 1.11 1.08 

1.21 1.18 1.14 1.11 1.08 1.06 

1.18 1.14 1.11 1.08 1.05 1.03 

1.14 1.11 1.08 1.06 1.03 1.00 

Example: 50° F. 7 5,000 1 MSL, 4" (40 per lb.)= 
1.6 x 4 = 6.4 lbs. fish per GPM inflow 

61 

1.29 

1.25 

1.21 

1.18 

1.14 

1.11 

1.09 

1.06 

1.03 

1.00 

Based on preliminary data frcrn fish loading experiments 
at Bozeman Fish Cultural Development Center, Montana. 
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1.25 

1.21 

1.18 

1.14 
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1.03 
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1.21 

1.18 

1.14 
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OREGON PELLET FEEDING CHART February 1968 

(for salmon and steelhead; includes recommended feeding level and feeding frequency) 

reeding level (L) expressed as percentage of lot weight to be fed per feeding day. 
Feeding frequency (F) expressed as number of days to feed per week and number of feedings per dayo 
Example: 7/4 means feed. 7 da~s per week, 4 times ter day; E/1 means feed everx other dax~ 

Fish size number per pound) 
1 feeding 2er dax. 

Ave. H20 800-300 300-200 200-135 135-90 90-60 60-40 40-25 25-larger 
temp.(F) L F L F· L r L F L F L F L F L F 

35 2.7 7/5 2.3 7/4. 1.8 7/2 1.6 6/1 1.3 5/1 1.4 E/1 
6 2.8 VI 2.4 II 1.9 II 1.8 " 1.4 " l.IJ II 

1 2.9 it 2.5 II 2.0 II 1.9 II 1.5 It 1.6 II 

8 3o0 I! ·2.6 II 2.1 If 2.0 " 1.7 II 1.8 II 

9 3o2 II ·2.'J " 2.2 If 2.1 It 1.8 II. 1.8 II 

40 3.4 II 2.8 II 2.3 it 1.9 7/1 1.6 6/1 1.3 5/1 
1 .3.6 ., 2.9 II 2.4 II 2.0 It 1.8 II 1.3 " 1.4 E/1 1.0 E/1. 
2 3.8 II '3·.0 It 2.5 II 2.1 II "1.9 It 1".1J " 1.4 II .1'.0 " 
3 4.0 li 3.1 II 2.6 II 2.2 II 2.0 II 1.5 II 1.6 II 1.2 " 
4 "4.2. II 3.3 II 2.7 II 2.3 II 2.1 II 1.7 If 1.8 II 1.2 " 

45 4o4 . !I 3.5 II 2.8 II 2.4 " 2.2 " 1.8 II 1.8 ... ' .1.4 II 

'6, IJ.6 " 3.7 " 2.9 II 2.5 II . 2.3 II 2.0 " 2.0 II 1.4 II 

7 4.8 II 3.9 II 3.0 ... 2.6 II 2.5 II 2.1 ... 2.2 " 1.6 II 

8 5.0 n 4.1 II 3o2 II 2.7 II 2.6 II 2.2 " 2.4 II 1.6 II 

9 5.3 " li.3 II 3.4 . II 2.8 II 2.7 II 2.4 " 2.4 " i.8 II 

50 5.6 II 4.5 II 3.6 " 2.9 II 2.8 II 2.1 6/1 1.8 5/1 1.8 It 

1 5.9 II 4.7 II 3.8 It 3o0 ·II 2.9 " 2.2 " 2.0 u 2.0 " 
2 6.2 II 4.9 II 4.0 n· . 3.2 II 3.0 II 2.3 II 2.1 II 2.2 II 

·3 6.5 " Sol II 4.2 II 3.4 II 3_.2 It 2.5 il 2.2 u 2.4 it 

4 6.8 II 5.4 II 4.4 II 3.6 " 3.3 II 2.6 " 2.4 II 2.6 II 

55 7.1 .II 5 •. 7. It 4.6 " 3.8 II 3.5 It 2.7 II 2.5 It 2.8 II 

6 7.5 II 6.0 II 4.8 II 4.0 " 3.7 II 2~8 II 2.7 91 3.0 II 

7 7.9 " 6.3 II 5.;0· II 4.2 II 4.0 II 2.9 " 2.8 II 3.2 u 

8 . 8.3 II 6.6 II 5.3 II 4.4 II 4.2 ' II 3.0 II 2.9 ·u 3.4 II 

9 8.7 II 6.9 II 5.6 " 4.6 II 4.4 II 3.2 II 3.1 " 3.6 tl 

60 9.1 It 7.2 It 5.9 tl 4.8 II 4.7 II 3.3 II 3.2 II 3.8 " 
RECOMMENDED PELLET SIZE 

Fish Size (number Eer Eound) Pellet. Size (inches) 
BOO - 500 1/32 
500 - 250 3/64 

Other trout are fed at 250 - 150 1/16 
1% body weight,'varying 150 - 50 3/32 
with temperature. so - larger 1/8 
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p11inl!l rcprc,;cnling the 19:>6 data only. 

Saturation Values at 20° C 
8=90); 
9=103% 

2=22% 5=56% 
3=33% 6=68%' 
4=45%' 7=79% 

Adapted from Reference noo 34 of chapter, 
"Food Producing Areas and Their Requirements .. " 

Chapter 19 
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Feeding Rate for Ra~nbow Trout of ~arious Sizes_· 
at Various Tempetatures 

0 2 4 6 8 10 12 14' J 6. 
l o• · • • .. • · •. •' • · •· o 

• • • •. _• • • • ·• •. • • • •-• • • • • •. • • • •. • • .• • e • • • • • • • • • 

CF'.B A D A=3-4 in. fish 
CF'B A D B=S~6 in. fish· meat & meal diet 

C8 A D C=lO in. fish 
Cl3 A D 
CB A D 0=3-4 in, fish 
CF'8 A 0 E=S-6 in.- fish all meat diet CF'8 A D F=10 in. fish 
CF'B A D. 
CF'B A 0 
c a A 0 
c 8 A D 
c F'B A D 
c F'8 A 0 

CF'B A D 
CF'B A D 
c F'B A D 
c F'B A D 
c F'B A D 
C. F'B A 0 
c F' 8 A D 
c F'B A D 
c F'8 A D 
c F'8 A D 
c F'8 A 0 
c F'8 A· 0 
c F' .8 A D 
c F' 8 A D 
c F"B AE: D 
c .F' 8 _· A 0 
c F' 8 A n 
c F' 8 A o-
.. C F" B AE 0 
c -F' 8 A 0 
c F' 8 A 0 
c F' 9 A 0 

c F' 9 A D 

: o ••• : •• o • : •••• z •••• -z •• -•• : •••• : 9 • e .a ••• • a 
.0 2 4 6 8 10 12 . 14 16 

Per Cent Body Weight to be Fed 

N, B, Values from 61° to 75°F are extrapolated from the experimental data •. Energy 
v*lues must account for chan~~s in tissue water conte~t Op ~o 20 pe~ cent. 

Prepared by Don M. Fagot -- data from Reference no._ 25- . 

li. ':•:. L ·-:' ·L' 
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Food Consumption at Various Temperatures and Sizes 
(Using Abernathy Soft Pellet 27.5 Per Cent Protein) 

Temperature Per Cent Body Weight 
Per Cent Drop in 
Food Fed Between 
Fingerlings & Adults 

1.33 inches 
to 

2.00 inches 

Adults 

(oF) Per Day in Food Fed 

40 3.0 

45 3.8 

50 4.8 

55 6.1 

60 7.6 

40 0.8 

45 1.0 

50 1.5 

55 1.9 

60 2.4 

Comparison of Abernathy Soft Pellet With 
Two Other Types of Food 

Per Cent 
Protein 

Type of Food (wet weight) 

Abernathy soft pellet 27.5 

Dry pellet 40 

Meat diet 18 

. ---· 

62.5 

62o0 

68.0 

68.0 

68.5 

Per Cent Body 
Weight Gain 
Per Day 

5.4 

4.5 

7.4 

Prepared from data supplied by Ro'ger E. Burrows 

0'1 
..-l 

1-1 
Q) 

J..J 
Po. 
cc .c u 

f.• 
~:-· 

r: 
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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. 40 

)· 
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Food Conversions of Sa1monids 

R.a.tio, Weight Per cent 
Fed to Weight Protein K per lb. 
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 27.6 125 0\ 
1""'1 

2.9:1 100% meat 18.3 415 
).I 
QJ .... 
Q. 

4.9:1 Natural foods 11.5 280 
co .:. 
u 

6~05:1 Gammarus (amphipods) 

K = 1000 calories 

Prepared from data supplied by Roger E. Burrows 

ll 
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Chapter 20 REARING PONDS 

Until recently rearing ponds were considered-a part of. hatchery 

operations. They may now he built and opera:ted as separate units, al-

though they generally are dependent on hatcheries as a source of fish. 

Improved fish food and improved feeding techniques; such as .automatic 

or power feeders, have allowed rearing ponds to become independent 

units. 

Fish held in rearing ponds may depend entirely .on natural .food 

supplies or in part or wholly on prepared foods. (See chapters 

"Hatcheries" and "Food Producing Areas and their Requirements" for 

amounts of food required.) 

The fish reared in such p'onds are not subjected to many of the natural 

hazards» including predation by other species; however, they are subjected 

to unnatural crowding and cannibalism and careful grading for size is re-

quired to control the latter. 

In general, ponds should he constructed so that they may be drained 

rapidly and the fish collected at a central point, ·such as a "kettle." 

Fish are collected for purposes of grading, treatment fgr dis·ease, or 

planting. The ponds are drained for cleaning and disinfecting.· Clean

ing can be accomplished by suction or by t~mporarily increased velocities. 

Pond loadings are related to size and weight of the fish per unit of 

surface area, volume or flow. Loadings are based in part to meet oxygen-

requirements and to provide living ·space. 
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The chapter "Hatcheries" contains a table showing the required reduction 

in poundage of fish due to the elevation above sea level at which ponds are 

operated. Oxygen saturation is reduced as elevation increases although the 

requirements of the. fish remain the same. 

The table ori pages 6 and 7 gives the relationship of various types 

of ponds and the relationship of depth, flow, volume, area and pounds 

or numbers of fish as now used. Pounds of fish reared show a similarity 

among the various types of ponds when equated to the above factors. 

Large, natural rearing ponds follow more closely the levels of highly 

productive lakes. 

As temperature is ·a governing factor in growth, water quality and 

quantity of rearing· ponds require special attention. If closed-circuit 

supply systems are used, they should provide for cooling, filtration, 

sterilization, degasification, reoxygenation and pH control. The residue 

from rearing ponds has a high BOD and, perhaps, an offensive odor, and the 

effect of this on the receiving waters should be considered. Preferably 

it. should be handled as a separate waste item apart from normal drains. 

See Exhibit B. 

Exhibit. A is a schematic sketch for a natural rearing pond. 

As small rearing ponds vary in shape from raceway to rectangular 

to circular, with all variations between, the principal design criteria 

should provide a reasonably uniform distribution of flow to assure 

better distribution of food and improved growth. High velocities should 

be avoided because of weight loss that results from excessiv~ swimming. 

(See chapter "Swimming Speeds of Adult and Juvenile Fish.") 

I 

I 
I 
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· The drainage system must be large enough so that when ponds are 

built in batteries, dewatering activities will not interfere with the 

normal discharges fr,om other ponds • 

. In accordance with work done· by. Ha.skell (1955), the carrying 

.capacities of ponds at any given temperature are directly related to 

the length of the fish contained therein. For example, a pond will carry 
. . 

three times the weight of a·.6-inch fish as a z:.inch ·fish.· 

An increase or decrease in the total weight offish in'a pond for a new 

loading may be detern;tined·by the fol~owing formula: 

Ln (expected new length) • W 
l:E (existing length in pond) . E l··exis~~ng. weight]= w. [~ew weight)! 

J.n pond . N ·· for pond · 
.. ' . . : .. ' ··.. ,. 

As noted, the metabolic rate is a major. fac~or i~·determining the total 

weight of fish in a pond. Fish at a stage .of rapid growth req.uire mcn:;e space 

room per pound than:· fish that· h13ve reached a stage of decreased feeding. re-

quirements ~· 

Various investigators have eXa.mined the oxygen demarid ~f fish iri rear-
.... · 

ing, feeding, and holding ponds. Designers 1Ilay find that to choose.a.basis· 

tor the·design of rearing and. feeding ponds, t;hey.must.consider the effects 
. ' . . 

of non-un;L'form.oxygen demands caused by the fish's !3ttivity ·level changes 
. . ' . ~ 

that occur as a result of daylight; darkness, feeding or pond cleaning, com-

pared w:i,th the demand at minimum activity, . . /. 

The .experimenta:I, work dis~loses that large 'fish db not recover as:. 

rapidly as small fish from levels of higl'l oxygen use. The laboratory. 
. . . 

work has· also shown that more pounds of fish might be .reared per pond 

than is. permitted under hatchery operations,. The work shows that . 
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there is an upper loading limit. Loading is usually expressed as pounds of 

fish per cubic foot of pond space. There also is·an. upper limit under differ-

ent .conditions (temperature level: and fish size) to the number of pounds of 

fish that should be sup'po'rted per gallon of inflowing water. 

Other limiting factors are efficient operating sizes and limiting 

velocities in the tanks ·.and ponds. 

It is apparent that when fish 'are introduced into ponds they should be 

given an adequate time to. recover; perhaps with additional oxygen to be 

supplied by additional flow. Stress of handling and transportation, which 

require a greater oxygen demand for recovery to a normal state, may account 

for some of the vari~tion in survival of plimted fish •. 

The start of feeding•may require a number of small feeding tanks so 

that the efficiency of growth to food supply can ~e monitored and the food 

supply regulated. Low feeding densities of 1/2 pound of fish per cubic 

foot at this 'point have been found to be beneficial. 
' ' ' 

The transfer or fish between tanks and ponds can be accomplished b)7 

hose if sufficient drop exists between them. 

For ease in converting units, the following can be applied: 

ppm/lb fish/gpm = 500.6 mg 02/kg.fish/hr 

-5 ' Oz 02/lb fish/hr = 1·6 x 10 mg o
2

/kg fish/hr 
' ' 3 

lb fish/gpm = 0.25 lbs fish/ft water 

h1 
J 
' 
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There follow 5 tables that demonstrate the above-mentioned relationships 

of metabolic rates, carrying capacities, maximum loading densities 9 oxygen 

consumption after pond cleaning and feeding and effects on oxygen consump

tion by handling. 
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Rearing Ponds ~ 

Type Size Normal Water Re- Water Water Add'l 
Water quirement Changes Re- Water .. 
Depth Per Use Re-

Hour auired 
<. 

Burrows Re- 75' X 17 1 2.5 ft 720 GPM or 1.1 684 36 
circulating 4 ft deep 5776 cu GPM GPM 

ft/hr 

Raceway 80' X 8' 2.0 ft 400 GPM or 1.3 No No 
(F.W.S.) 4 ft deep 3208 cu 

ft/hr 

Raceway 100.' X 10' 3.0 ft 625 GPM 1.7 No No 
(California 4 ft deep 5013 cu 
Fish & Game) (sloping ft/hr 

edges)39,270 
gal. cap. 

Raceway 100' X 10' 2.5 ft 450 GPM or 1.44 No No 
(Washington 4 ft deep 3600 cu 
Game) ft/hr 

Circular 14 ft dia. 2.5 ft 50 GPM or 1.0 No No 
(California 401 cu 
Fish & Game ft/hr 

Circular 40 ft dia. 2.5 ft 200 GPM or 0.5 No No 
(Washington 1604 cu 
Game) ft/hr 

Holding Pond, 120' X 12 1 5.0 ft 5386 GPM 0.6 No No 
Beaver Creek or 43,196 
(Washington cu ft/hr 
Game) 

Raceway (Dirt- 80' X 10 1 1 1/2- 1346 GP:t-1 9.0 No No 
Wood Wall) 2 ft or 10,795 
So. Tacoma cu ft/hr 

Rearing Lake 1450' X 4' slop- 4488 GPM 0.02 No No 
(Natural) 17 5 I; 5 ing to (normal); L, Cowlitz Hatch- acres 10 ft 35, 99_4 cu 
ery (\.:ashing- Ave. 7 ft ft/hr 
ton Game) L 
Adult Hold- 200' X 12 1 5.0 ft 8976 GP!-1 0.07 
ing Pond 

L (Skamania) 

L 
.. ~ __ ... 

. - - __ .,,_ ... ·~-··.-
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Rearing Ponds 

Fish Surface Volume Pounds Pounds Pounds Cost Cost to 
Capacity Area (Cubic Fish per Fish per Fish per w/out Recir~ 

(Square Feet) Square Cubic GPM at Land culat:.e 
Feet) Foot Foot Intake 

3780 lbs @ 1275 5100 3.7 lbs @ 0.93 1bs 6.5 lbs/ 
~ 90/1b; 4 725 50/1b per ft 3 @ min. @ 

1bs @ 50/1b 50/lb 50/lb 

2000 1bs @ 640 2560 3.13 lbs 0.78 lbs 5 1bs/ 
100/lb; 3200 @ 100/1b per ft 3 

.@ min. @ 
lbs @ 10/1b 100/1b 100/1b 

' 3000 1bs @ 1000 3000 3.0 1bs 1.0 1b 4.8 1bs/ .. 
100/1b; 4000 @ 100/1b per ft 3 @ min. @ 
lbs @ 10/lb 100/lb 100/1b 

3000 1bs @ 1000 2500 3.0 1bs 1.2 lbs 6.6 1bs/ c 
" 10/lb @ 10/1b per ft 3 @ min. @ 1-

10/1b 10/1b 0. 
j .. ... 

c 
(:: 

400 lbs @ 153.86 384.65 2.6 1bs 1. 04 lbs 8.0 lbs/ L 

100/1b @ 100/lb per ft 3 @ min. @ 
100/lb 100/1b 

2000 1bs @ 1256 3140 1. 6 1bs 0.64 1bs 10.0 1bs/ 
s4:~~ 10/lb @ 10/lb per ft 3 @ min. @ 

10/1b 10/1b 

jJ 16~000 1bs 1440 7200 11.11 1bs 2.2 lbs 3.0 1bs/ 
@ 10/1b @ 10/1b per ft 3 @ min. @ 

(s tee1head) 10/1b 10/1b 

~ 

400 1bs @ 800 1200- 5.0 lbs 3.33-2.5 3.0 1bs/ 
10/lb 1600 @ 10/1b 1bs per ft3 min. @ 

a @ 10/1b 10/1b 

509000 1bs 253,750 1,776,250 0.2 1bs 0.03 lbs 11.1 1bs/ 
II @ 6/lb @ 6/1b per ft 3 @ min. @ 

6/1b 6/lb 

1 ' 

30,000 1bs 2400 12,000 12.5 lbs 2.5 lbs 3.3 lbs/ 
Steel head per ft. 3 min. for 

adulc.s adults 

f.!< :·a; 
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METABOLIC RATES OF FISH 

Standard Intermediate metabolic rates 
metabolic Low main- High main-

Temp. (ppm/lb fish Minimum tenance tenance Maximum 
°F /gpm) ration ration ration ration Feeding 

39 .080 .104 .196 .613 
40 .082 .106 .• 200 .617 
41 .• 084 .108 .204 .621 
42 .086 .112 .208 .625 
43 .088 .116 .212 .629 
44 .090 .120 .216 .633 
45 .092 .124 .220 .637 
46 .094 .128 .226 .643 
47 .096 .132 .232 .649 
'~8 .098 .114 .134 .238 .655 
49 .100 .116 ~138 .242 .659 
50 .102 .120 .142 .248 .431 .665 
51 .104 .124 .144 • 254 .439 . .671 
52 .106 .128 .148 .260 .447 .677 
53 .108 .132 .150 .266 .455 .683 
54 .112 .138 .152 .276 .465 .693 
55 .118 .• 144 .156 .288 .475 .705 
56 .• 124 .150 .160 .300 .485 .717 
57 .132 .158 .166 .310 .497 .727 
58 .140 .166 .172 .320 .507 .737 
59 .148 .174 .178 .332 .519 .749 
60 .156 .182 .184 .342 .531 .759 
61 .164 .190 .192 .354 .547 .771 
62 .174 .200 .200 .366 .565 .783 
63 .184 .210 .208 .382 .581 .799 
64 .194 .220 .216 .400 .599 .817 
65 .204 .232 .224 .416 .617 .833 
66 .218 .242 .232 .431 .637 .848 
67 .234 .254 .248 .447 .665 .862 
68 .248 .266. .266 .465 .882 

Based upon data in this table, the following formulae will apply in 
calculating oxygen use rates: · 

lf! 

f:! 

fl 

k 
b 
~ 
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Table 5 (Continued) 

Linear Regression 

x = temperature . COi) · .. 

y = log 02 consumption (ppm/.lb fish/gpm) 

Standard metabolism 

y =- 1.790.+ d~Ol7 X .. 
·~ . . . . . 

Int;:ermediate metabolism minimum 

y = -1.883 + 0.019 X 
. . . . . 

Low·mai:ntenance feeding 

y = ~1.499 +-0~013 X 

'High maiilt~nance (same as 1975 night levels) 

y = -1.243 + 0.013 X 

Maximum ration (Brett 1970) 

y .= - .• 896. + 0.010 X . 

Feeding Dai::q. from Brett and Zala (1975) adjusted to Brett's 1970. 
curves. 

y = ~.438 +·0.005 X · 

Adapted from References l and 2. 
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CARRYING CAPACITIES OF PONDS IN LBS PER GPM 
(Laboratory-determined from standard metabolic rates) · 

Chinook salmon 

Mean size Mean size Mean size· 
(1.85 g) (5 .90 g)' (17. 50 g) 

28.33 30.00 37.71 

21.38 24.80 31.80 

17.88 20.34 26.22 

14.36 17.23 .22.40 

12.33 14.13 18.93 

10.64 12.20 15.62 . 

9.06 10.91 13.71 

7.63 9.18 11.84 

- . ~' '\.,."""'~ -··~ ._ .· ·-· -· 6.72 ·-8.00 10 .• 00 
·.:.{: r..;_~- ::::._;:.··:·,_ 

-~.-::""~ ';' -.. .,. 1 ·.~ o'f · - 9.09 5.80 

5.14 ·6 .23. 8.00 

Adapted from Reference No. 4. 

.. t• 
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MAXIMUM LOADING DENSITIES 

Fish size Lb/fish 1 Fish size Lb/fish/ 
(grams) ft3 water (grams) ft3 water 

1 .78 20 1.33 

2 .82 25 1.43 

3 .89 30 1.55 

4 .94 35 1.67 

5 1.0 40 1. 78 

10 1.11 45 1.89 

15 1.20 50 2.00 

Holding of adults is generally on the basis of a maximum of 

2 lbs per cubic foot. 

See Reference No. 

Piper (1970) suggests loading densities as follows: A rule of 
thumb which might be used to avoid undue fish crowding is to avoid 
holding trout at more than one-half their length in pounds per 
foot3 HzO (i.e., 4" fish should not be stocked at densities greater 
than 2 lbs/ft3. 

See Reference No. 
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OXYGEN CONSUMPTION OF FINGERLING CHINOOK IN FOUR PONDS 
(52°F.) AFTER POND CLEA.l\l'ING AND FEEDING 

Mean oxygen consumption High oxygen consumption 

Time Time Mg 02/ Oz 0
2
1 Mg 02/ Oz 0

2
1 

after after kg fish/ lb fish/ kg fish/ lb fish/ 
cleaning feeding hr hr hr hr 

0.75 hr 0 (start) 324 52 X 10 -4 506 81 X 10-4 

1.5 hr 0.75 335 54 X 10-4 400 64 X 10-4 

2 hr 1. 25 193 31 X 10-4 205 33 X 10-4 

Adapted from Reference No. 

l 
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Fish Size 

5 inch 
(24 g) 

6 inch 
(43.6 g) 

7 inch 
(78 g) 

Cont'd 

Fish Size 

5 inch 
(24 g) 

6 inch 
(43.6 g) 

7 inch 
(78 g) 

OXYGEN CONSUMPTION MEASURED AT TIME INTERVALS AFTER HANDLING AT 50° F. 

(15 minutes) (30 minutes) (45 minutes) 

Hg 0/kg fish/hr 0~ 0 2/lb fish/hr Hg 02/kg fish/hr O,z 0/lb fiah/hr Hg 02/kg fisb/hr Oz 02/lb fillh/hr 

360 58 X 10-4 280 45 X 10-4 
255 41 X 10-4 

375 60 X 10-4 350 -4 56 X 10· 310 50 X 10-4 

390 63 X 10-4 
375 60 X 10-4 

..... 
w 

(1 hour) (2 hours) 

mg o2/kg fish/hr 

240 215 

325 340 

375 345 
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POTENTIAL COMPOSITION OF EFFLUENT FROM REARING PONDS 

' 
"'= -CIJ 
:;::, - .5 -"""' 
Q) 

.s:::. 
·~ 

.5. 
c: 4 
.2 

:: 
\., 
CIJ 
Q..) 

"" t: 
I'QI 
Q, 

7 

o.a o.z . · o.:a 
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{Removal of 90 percent of the settleabl~a solids removes 85 
percent of the BOD)~ 

Fr.om Willoughby et al., 1972. 
. . . . ~ . . 

See Reference No. ·10 .. 
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FISH DISEASES - TYPES, CAUSES, AND REMEDIES 

Fish diseases are of concern principally in hatchery production. 

Epidemics may occur occasionally under natural conditions, more often 

in lakes and reservoirs tha~ in fast running streams. When these occur 

in the wild they usually are due to widespread parasitic infestation. 

In hatcheries fish are more susceptible to all types of infections. 

~Then disease occurs in a hatchery it is more readily apparent, and in 

the past frequently has impaired the success of artificial propagation. 

Formerly some fish diseases, and particularly·parasitic infesta-

tions~ as Ichthyopthirius, were commonly accepted as being ever present 

and an inescapable source of loss in hatchery operations. Today, with ,..... 
N 

present methods of disinfecting ~ater supplies, pasteurization of fish 

food ingredients, and new therapeutic chemicals,.most disease organ-

isms are treatable and controllable. The use of wild fish and eggs 

from wild fish in. artificial propagation, together with transfers of 

fish and eggs between stations, requires a continuing effort to prevent 

the Spread of infectious diseases and resultant loss. 

Although some diseases that formerly caused large losses of hatch-

ery fish are'no longer of major concern, the fish culturist is still 

beset with a formidable array of fish pathogens. Most fish disease 

outbreaks in a hatchery are now recognized in their early stages and, 

with the new and improved drugs and better treatment procedures, are 

I controlled before they reach epidemic proportions. 

Fish diseases may be divided into several categories. The proper 

category of a particular disease outbreak must be established as a first 



L. 

step toward determining the cause and the adoption of remedial measures. 

These categories generally may be considered as nutritional or organic, 

bacterial, virus, external parasites, internal parasites, and fungi. 

No attempt is made to identify all of the diseases that may be con-

tained in each of these categories. However, the more common ones are 

listed and described, together with the usual conditions of occurrence 

and suggested treatment. 

Nutritional or organic diseases 

Mortality of hatchery fish from these causes is not nearly as 

prevalent now as formerly, due to improved formulation of dry foods 

and better refrigeration and preparation of meat products. However, 

nutritional requirements vary between species, and components vary in 

commercial food products. More work has been done on the nutritional 

requirements of salmonids than other species. There are known vitamin, 

protein, and mineral requirements. There is danger in excess amounts 

of carbohydrates in fish diets, as contained in cereals. 

Vitamin·deficiencies result in nervousness, mortality from shock 

and fright, poor appetite, blindness and hemorrhagic eyes, anemia, and 

poor growth. 

Protein deficiencies, expressed by lack of essential amino acids, 

are quickly apparent. Deficiency syndromes.are loss of appetite and 

lack of growth. 

Excess dietary fat causes damage to the liver and kidneys, includ-

ing fatty infiltration of these organs, and edema, or accumulation of 

fluids in the body cavity. 

In order to assure proper nutritional values for fish after a 

l 
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proper diet is determined, good food storage and food preparation pro-

cedures must be maintained. Prolonged storage should be avoided, as 

well as over-heating of cooked food products, or improper refrigera-

tion. Quality control of fish food products also is essential. 

Nutritional or dietary gill disease 

The widespread adoption of adequate vitamin-fortified diets has 

greatly reduced the incidence of this disease. 

Occurrence: In salmon and trout being reared in fresh water. 

Description and Symptoms: Gill filaments and lamellae swollen and 

fused, starting at the base of the lamellae. Affected fish are list-

less and lose appetite. 

Cause: Pantothenic acid deficiency in diet. 

Treatment: Increase sources of pantothenic acid in diet. Beef liver, 

milk, dietary yeast, and distillers solubles are good sources of 

pantothenic acid. 

Hepatoma of rainbow trout 

Occurrence: Hepatoma has been noted and described in many species of 

fish for years. However, a high incidence of the disease occurred in 

hatchery-reared rainbow trout in the spring of 1960, focusing attention 

on the disease. Diet. improvements have prevented additional major out-

breaks. 

Des.cription and Symptoms~ The disease is characterized by the presence 

of white nodules of varying size and number on the liver. In advanced 

stages the abdominal walls are distended by the internal tumors. Intern-

ally the normal cell structure. is broken down, and necrotic and hemor-

rhagic areas occur. Metastases are sometimes found in the kidney. 



Outbreaks usually occur in yearling and adult fish. 

Causative Ag~nt: Nutrition has been shown to be the cause of sudden 

extensive outbreaks. Some investigators have considered that heredity 

and in-breeding of hatchery rainbow brood stock may make these fish 

more susceptible to the disease. Halver and others have shown that 

hatchery-reared rainbow trout are particularly susceptible to the 

carcinogenic effects of aflatoxin contained in cottonseed meal and 

peanut meal. 

Temperature Range: Unknown, but apparently water temperature is not a 

factor. 

Prevention: Since the disease is not infectious, the best preventive 

measure is an adequate diet, free of meal containing the carcinogenic 

aflatoxin. 

Treatment: No effective treatment has been developed for fish after 

the dis~ase is ·externally recognizable. 
.-t' . 

. "'·· 

Bacterial diseases (external) 

Bacterial or eastern gill disease 

Occurrence: A common external bacterial infection found in hatchery 

reared salmon and trout, but also reported in largemouth and smallmouth 

bass and black crappie. 

Description and Symptoms: Proliferation of gill epithelium, due to 

irritation, and causing swollen, fused, club-like gill filaments and 

lamellae. This interferes with the normal exchange of gases in the 

gills, and thus impedes respiration. In severe infestations mortality 

of infected fish may occur quickly from large numbers of bacteria 

itD.peding respiration. 
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Infected fish become listless, lose color, have poor appetite, 

.exhibit increased gill activity and.extended opercles, and frequently 

have excess mucous on clubbed gills-. 

Causative Agent: Several species of myxobacteria may be present on 

the gills, either singly or together.-

Temperature Range: Occurs over· a wide range· of water temperature~ from 

35 to 70 degrees Fah. 

Prevention: Since this disease seems to be associated with overcrowd

ing of salmonid fingerlings, it has been recommended that standard 80 

X 20 feet rearing ponds not be stocked in excess of 4 lb. of- fish per 

gallon per minute of flow, and that dirt ponds and straight flow

through raceways not be stocked in excess of 6 lb. of fish per galion 

per minute of flow.-

The water supply should also be free of silt or other gill irri

tants, as well as possible upstream infected fish populations. 

Lignasan at 1 to 2 p.p.m. is used effectively as a prophylactic 

at some stations, but may be acutely toxic in-some water supplies. 

Treatment: The treatment of choice, except for rainbow trout for 

which it is toxic,_is 80% pyridyl mercuric acetate (PMA) at a conc~n~ 

trationof 2 p.p.-m. for 1 to 3 consecutive days. 

Since PMA is no longer readily available, Diquat is used at 8.4 

to 16.8 p.p.m. (2 to 4 p.p.m. Diquat cation)_ for 3 or 4 consecutive 

days. 

Hyamine 1622 at 2 p.p.m. (active ingredient) for 3 or 4 consecu

tive days may be more effective than Diquat. In any case reoccurrence 

of the disease may require repeated treatments. 
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Columnaris 

Occurrence: A common, warm-water external bacterial infection which, 

in its advanced stages, may also become systemic and cause reinfection. 

Although usually occurring in epidemic proportions only in hatchery 

reared salmonids, it also occurs in wild fish and in other species in 

fresh water. 

Description and Symptoms: Forms lesions which may completely erode gills. 

Organism also frequently enters body of fish through any break or scratch 

in skin, forming yellow to orange circular eroded lesions which enlarge 

rapidly. When the lesion has penetrated to blood vessels the infection 

may become systemic. The organism forms columnar mounds on the gills 

and body tissues, a characteristic which gives the organism its name. 

Body lesions are dish-shaped, with yellow slime around periphery. Di

se;.ase develo.ps and spreads rapidly under favorable. conditions, causing 

high mortality. 

Causative Agent: One of the myxobacteria, Chondrococcus columnaris. 

Temperature Range: . High virulence strains and low virulence strains of 

columnaris are recognized. Outbreaks of high virulence strains occur 

when average water temperatures reach 60 degrees Fah., and the low viru

lence strains become apparent when t.he average water .temperature is over. 

68 degrees Fah. A reduction in temperature may greatly reduce the sever

ity of a disease outbreak. 

Prevention: Removal of .wild fish, if possible, from a hatchery water 

supply may prevent infection. Fish should not be crowded or handled 

when the water temperature approaches 60 degrees Fah. or warmer. 

I 

I 
I 
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Treatment·:. There are two standard treatment. methods. One is'by baths~ 

either in PMA at. a concentration of. 2 p .p ;m. for several consecutive 
. . . 

days, or in Diquat bat:hs at 8.4_.;. 16.8 p.p.m.· for four consecutive . . . . 

days.··. If th~ infectio.n is sy~t~mic (weil advanced) it is necessary to· 

add sulfamethazine to the diet in·conjunction with the PMA-baths. 

The othe.r method· 'is to a'dd Terramycin to the diet at a level 6£ 4 

grams per 100 lb. of fish per day for ten .. consecutive days. Terramycin 

usually is effective in. eliminating theb~cteria, both extern~ily and 

internally. However; reinfection will soon occur {f·the 4isease 

organism is present and the water temperature favorable.-

Fin rot 
. ' 

Occurrence: Fin-rot or tail-rot is an external bacterial disease·which 

.may occur among hatchery-reared salmonids of arty age. However, epi-· 

demics usually occur only shortly.af~er the fish have started feeding~ 

These may be severe, with high mortalitY ~nd poor appearance' of sur-

vivors. 

Description' .and Symptoms: Fin:...rot may occur. in conjunction with several 
' ' 

other diseases, which may cause some confusion in identification and 

treatment. Typically, infected fish show a white discoloration along · 

the outer· edge of the fins. This . extends toward the bas·e of the fin's · 

as the disease progresses, destroying the fin, often leaving only a 

ragged remnant of fin rays. 

Causative.Ag~ni:_ Not a great deal is known about bacterial fin-rot~. 

·.· pa'rtly beca~se 'its general appearance may be almost. ideritical with fin 

conditions associated with o.ther diseases. However, there is consider.., 

ableevidence that it is of bacterial origin, and is usuallY associated 



with myxoba~teria. For unknown reasons~ fin-rot usually follows 

egg-rolk diseasg' or other difficulties encountered in poor incuba

tion. 

Temperature Range: Water temperature apparently is not a significant 

factor with this diseas.~. 

Prevention: Over-crowding and excessive handling should be avoided. 

·When incidence of the disease is slight~·removal of.infected fish may. 

be of be-nefit. 

Treatment: In some cases treatment with a bactericide, such as PMA or 

_Hyamine 1622, may be an aid in preventing spread of the disease. 

Cold-water or peduncle disease 

Occurrence: .·This is an .external bacterial infection occurring in 

hatchery reared trout and salmon, especially in young coho. The 

disease usually occurs in epidemic proportions among alevins or fry 

th,at paye ju~t begun feeding. 

Description and Symptoms: The most apparent characteristic of the 

disease is ·the erosion of the peduncle and often thecomplete loss of 

the tail. Lesions also may occur along the sides of the body~ 

particularly on .larger fish. Another symptom is the dark color of the 

caudal area, which increases as the disease progresses. In yolk-sac 

fry the epithelium covering the yolk mate~ial is attacked and eroded. 

Loss of yolk material quickly causes mortality. Epidemics frequently 

are severe~ often exceeding 50 percent in sac-fry. 

Causative Agent: The disease is caused by one of the myxob~cteria, 

Cyt.ophaga psychrophila. It may be carried by resident fish in the 

water supply. 

I. 

il 



' I 
I 

'l. 

9 

Temperature Range: The distinctive feature of cold-water disease is 

that in production ponds the optimum temperature for outbreaks is 40 -

50 degrees Fah. In yolk-sac fry the disease may persist and even 

increase in severity up to 60 degrees Fah. 

Prevention: The inclusion of sulfamethazine at low levels 'in the diet 

will aid in preventing outbreaks of the disease. There is evidence 

~hat with coho yolk-sac fry, outbreaks may be associated with excessive 

wate:t: velocity in deep troughs; therefore, if troughs are used, they 

should be the shallow type in order to p·rovide sufficient dissolved 

oxygen at flows not over 4 to 5 gallons per minute. 

Treatment: Daily baths with PMA or Hyamine 1622, accompanied by 

Terramycin at the standard level or sulfamethazine in the diet. Sulfa 

should be fed at 10 - 20 grams per 100 lb. of fish per day in starter 

diets, or 5 grams per 100 lb. of fish per day in pelleted diets. Treat-

ment may be required for 10 - 20 days. 

Sporocytophaga sp. 

Occurrence: An external myxobacterial infection-found in chinook, coho, 

and sockeye salmon and steelhead trout when reared in seawater. 

Description and Symptoms: .The disease forms large lesions on the sides 

and abdominal surface of infected fish. The skin ·around· lesions has the 

appearance of having been ground away or -"sandpapered;"· 

Causative Agent: Lesions are filled with a myxobacterium which has been 

found to belong to the genus Sporocytophaga. 

Temperature Range:. Unknown. 
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Prevention: Terramycin and Aureomycin are reported to be effective 

against this and other marine myxobacteria at a level of 1 p.p.m. in 

the water. 

Treatment: PMA (pyridylmercuric acetate) is effective against this 

disease, but may not be readily available. Lignasan is alsq reported 

to be satisfactory at a concentration of 1 p.p.m. for one hour on four 

consecutive. days. 

Bacterial diseases (internal) 

Bacterial hemorrhagic septicemia 

Occurrence~ This is an insidious internal disease condition which is 

not adequately known or completely understood. It, or closely related 

forms, may infect fingerling and adult salmon and trout. _It may occur 

among only a few individual fish, or it may assume epidemic proportions. 

It is closely related ·to the "red-mouth" disease of rainbow trout, as 

well as to the "red-vent" disease of salmon. It occurs in both salmon-

ids and other cold-water fish, as the red-sore disease of pike, as well 

as in warmwater pond fish. 

Description and Symptoms: Since the. disease is septicemic, the causi-

tive bacteria usually are pres.ent in the blood and internal organs. 

abd9minal cavity usually is _distended and filled with slightly opaque 

or btoody fluid. The kidney may be swollen and soft, the liver pale, 

small hemorrages pres~nt in the peritoneum and muscles. The lower 

The 

intestine and vent are usually swollen, inflamed; with bloody. contents. 

Externally there may be superficial shallow grayish or red ulcers. The 

area around the mouth may be inflamed and eroded as occurs in "red-

mouth"·disease of rainbow trout. 

l 
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Causative Agent: The disease is caused by any or several members of 

the Aeromonas and Pseudomonas groups of bacteria. Prominent among 

these is Aeromonas liquefaciens, although a number of other forms have 

been isolated and described. The "red-mouth" disease of rainbow trout 

has long been attributed to Pseudomonas hydronhila. 

Temperature Range: Since this disease or closely related forms occur 

in both coldwater and warmwater fish, it must be assumed to cover a 

wide range of water temperature conditions. However, it has been 

observed that outbreaks usually occur, at least in warmwater ponds, 

along ,.,.i th a prolonged increase in water temperature, This normally 

occurs in the spring. 

Prevention: Inasmuch as one of the organisms commonly associated with 

this disease, Aeromonas liouefaciens, is commonly associated with 

decaying organic matter, it is assumed that dead fish or an undue accu-

mulation of excess food or excrement on pond bot:tOII!S,_ may provide a 

medium for disease transmission. Excess handling such as occurs in 

grading, marking, weighing or any undue source of stress may trigger the 

disease if it is .present. 

Infected fish should of course be removed, although other 

unknown carriers may be present. These may include frogs or infected 

protozoan parasites, thus making it difficult to eliminate the disease 

with any certainty. 

Treatment: Terramycin or chloromycetin in the diet at a rate of 2.j to 

3.5 grams per 100 lb. of fish fed is usually the preferred treatment. 

This may have to be repeated several times at two to three week inter-

vals. The sulfonamides, as sulfamethazine or sulfamerazine, may also be 



ef.fective, particularly against red-mouth ciisease in trout. How·ever, 

Sulmet is not effective.against outbreaks caused by Aeromonas ligue-

faciens. Sulfonamides may be included in the diet at a rate of 10 grams 

per 100 lbs. of fish per day. 

Kidney disease 

Occurrence: This internal bacterial disease formerly caused high 

moralities among all species of hatchery reared salmon up to yearling 

size. It is also found among young wild salmon fingerlings, which in 

some cases may be a source of hatchery infection. It also has had 

serious outbreaks among hatchery reared trout. It is also thought to 

occur in adult salmon. 

With the widespread adoption of improved, pasteurized fish foods 

in .the past four to five years, this disease no ionger is normally a 

cause of great concern in artificial propagation. 

Description and SymptomS: The disease organism circulates in the blood 

stream of infected fish, multiplies slowly, and forms foci of infection 

in the internal organs. These are primarily in the kidney, where 

blisters and ulcers occur. The liver, spleen, and heart may also be 

centers of infection and exhibit pus-filled lesions. The blisters may 

extend into the muscles, forming externally visible blebs under the 

skin; which may develop into deep external lesions. As the kidney 

breaks down, excess fluid may occur in the body cavity, causing great 

distention of the abdomen. An exophthalmic condition or "pop-eye'' also 

may occur. In the later stages of the disease the smaller capillaries 

in the skin may rupture, giving the skin a red-speckled appearance. 

Hemorrhaging may also occur at the base of the fins. 
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Causative Agent: The disease .recently has been determined. t'o be.· caused 

by a small, unnamed diplobacillus of the genus Corynebacterium~ It may 

·· enter the fish either fr0Il1 infect~d ;food or from infected fish in the 

hatchery or water_ supply·. -There is considerable evidetice t'ttat .a former 

major source of the d.:i.se~se was. 'the feeding of infected carcasses and· 

viscera of .infected adult: salmon~ 

Temperature Range: The d.iseas~ occurs over. a wide range of water tempera

tures.. The incubation pe~iod. is rather long., being 60 to 90 days at wa

ter temperatures·of.45 :..:·sodegrees Fah., aQ.d 30 to 35 days.at tempera-

tures above 52 degrees Fah. 
. . 

Prevention: Salmon viscera should iwt 'be fed unless it has been pastem:'-
. . 

.ized. Cottonseed meal in the diet apparently provides more resistance 

·to the disea·s;e in ·young salmon than corn gluten. A low level o·f sulfa..;.·,. 

·methazin~ in the diet (2 grams per 100 lb. of fish per day) is used as a 

prophylactic measure~ but may result in a sulfa resistance. Infected 

'fish act a.s :'carriers and should of ~ourse be removed from. the hatchery 

and, if possible, from.the water supply • 

. Treatment: Controi remai:ns·' mainly a matter of good preventive me(!.sures 

··rather-than treatment. Temporary cQntrol 'in tro~t has.been obtained. with 

the inclusion of B·to iO. grams of Gantrisin or sulfamerazine per 100 lb. 

·of fish per day. Frequently treatment must: be ~epe~ted for one week each 

montho Erythromycin iri the.feed at.th~·rate of .4.5 g~ams per 100 lb •. of 

fish per day for. three weeks gave the best c_ontrol under laboratory condi

tions •. However, a .completely satisfactory treatment has not been 

found. 
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Furunculosis 

Occurrence: Furunculosis is an internal bacterial disease which was 
I 

kno~ in Europe for ,many years befo+e it was brought to this country. 

All salmonid _fish are susceptible, both hatchery reared and wild fish. 

It is also found among many other fish species.· The b_acterium may 

enter fish either through an open scratch or wound, or through _the 

digestive tract. In its acute stage it is systemic, and is carried 

throughout the body by the blood stream. Formerly this disease often 

reached epidemic proportions. which were impossible. to control, and it 

was responsible for enormous mortalities. In recent years effective 

_control measures have be_en developed. 

Description and Symptoms: As indicated by its name, the disease 

~rec:tuently gives rise to deep, boil-like lesions on the body. Other 

typical symptoms are blood-shot frayed f_ins, particularly the dorsal. 

There may be a bloody discharge from the vent, and internally there may 

·be many small hemorrages_in the tissues. Necrosis of the kidney may 

occur, and the spleen will be bright red and swollen. In acute stages 

the gills may be pale or white~ due to a breakdoWn of-the capillaries. 

Causative Agent: Furunculosis is caused by a water-borne bact~rium, 

Aeromonas salmonicidao 

Temperature Range: The disease can occur over a wid~ range of water 

temperatures. However, the optimum incubation temperature for out-

breaks in salmon usually occurs between 56 and 70 degrees Fah., when 

the disease develops and spreads_ rapidly, becoming apparent _within a 

week of infection. Below 45 degrees Fah. the infection becomes latent, 

without further developmen·t of symptoms or increased mortality. 

- I 
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Prevention: Since the bacterium may occur on eggs taken from infected 

fish, any eggs transferred from hatcheries where the disease occurs 

.. should be disinfected with sulfo-merthiolate or acriflavine . 

Where possible, infected fish above a hatchery water supply should 

be removed. Rough fish spawning above a hatchery water intake frequent-

ly are a source of infection. 

Treatment:. The usual treatment is by the add_ition of one of. the sulfa-

namides to- the diet at_ a rate of 10 grams _per 100 lb. of fish per day. 

_However, some strains of the bacterium are sulfa-resistant. Among the 

antibiotics, Terramycin or Chloromycetin have proved effective when fed 

at a rate of 2.5 to 3.5 grams per 100 lb. of fish per day. Furazolidone 

(Furoxone) also has been found effective when properly fed;_ nfl80~ a 

'-- commercial product containing 11 percent furazolidone is effective when 

fed at a rate of 25 to 35 grams per 100 lb. of fish per day for 10 days. 

However, if. a wet diet is used, the nfl80 must be added immediately be-

fore feeding, as it is destroyed by the presence of fresh meat or fish 

products. 

A most promising treatment_is t11e recent development of an oral 

vaccine called FSA (furunculosis soluble antigen). This antigen pro-

t I 

vides temporary protection lasting several weeks or months, depending 

on the initial level and water temperature. It is added to the diet in 

small amounts, ··and is most evenly distributed in food for hatchery use 

by -inclusion in the food manufacturing formula. 

Fish tuberculosis 

Occurrence~ Despite its name, this c;lisease is not related to the organ-

! . 
ism causing tuberculosis in warm-blooded animals,·and it cannot be 

i 
' ' 
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contracted by them. It occurs in many species of fish in both fresh 

and salt water. Fish tuberculosis is an internal, chronic bacterial 

infection which formerly was quite prevalent in hatchery reared salmon. 

It now occurs only rarely and is not of serious concern to fish cultur-

ists. 

Description and Symptoms: In salmon the disease may invade almost every 

tissue of the body. The infection is chronic and develops slowly, tak-

ing one to four years to become apparent. Typically, caseous (cheese-

like) lesions are found in the liver and kidney after the fish are more 

. than two years old. Similar small lesions may be found in the spleen., 

intestine, and pyloric caeca. Adhesion of these organs may also occur. 

Adult salmon having the disease often are observed to have small 

gonads on their spawning migration. They also may fail to develop any 

of the secondary sexual characters normally present in mature salmon at 
·~ -~:~ .;~~'~ ~:: • • •• > - • .- -::~- ;:~ --- .... 

time of spawning, and."the sexes cannot easily be~determined from exter-· 

. nal examination. Growth is also affected, the mature diseased fish 

having an average length of several inches less than normal. The time 

of the spawning migration of diseased fish is also irregular, such fish 

returning from the ocean during any month of the year. 

Causative Agent: The disease is caused by var~ous species of bacteria 

belonging to the genus Mycobacterium. 

Temperature Range: Not known, but apparently not a significant factor. 

Prevention: It has been repeatedly. demonstrated that the causative 

organism is transmitted by the feeding of raw carcasses or viscera of 

infected fish. When this practice was continuous the prevalence of the 

disease increased with each life cycleo Since this practice was 

I 
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abandoned the incidence of the disease has become n~gligible in hatch-

ery production. 

Treatment: No effective treatment, either prophylactic or therapeutic, 

has been developed. 

Ulcer disease of trout 

Occurrence: Ulcer disease is an internal bacterial infection. It 

occurs primarily in brook trout, but brown and lake trout are also sus-

ceptible. Rainbow trout are resistant but not immune. The disease is 

the cause of considerable concern in trout hatcheries in the north-

eastern part of the United States and eastern Canada, where it causes 

high mortalities. 

Description and Symptoms: Typically the disease exhibits shallow open· 

ulcers on the sides of the body. Lesions may also occur_on the fins, 

which then become frayed, and the tissue between the fin rays is 

destroyed. Frequently the symptoms may be confused with those of 

furunculosis, especially since it may often occur in association with 

the latter disease. Frequently the jaws and roof of the mouth become 

infected and are eroded away. In its early stages the disease occurs 

as small, whitish pimples or tufts resembling small patches of fungus, 

which can appear on almost any part of the body. These develop into 

small, circular, shallow ulcers, usually red, which increase in size 

and may form a large irregular lesion. When external symptoms are 

absent the organism can be found in the kidney. In active infections 

the disease becomes septicemic. The best diagnosis is made by bacteri-

ological methods, since the disease resembles other ulcer forming 

infections. 
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Causative Agent: Ulcer disease is caused by a bacterium, Hemophilus 

piscium. Adult fish frequently act as carriers. It may be transmitted 

through the water or in food contaminated· by bacteria present in the 

water or feces. 

Temperature Range: It is reported that the disease will not break out 

at water temperatures below 45 degrees Fah. 

Prevention: Trout eggs from sources where the disease is known to occur 

shouldbe disenfected before being brought into the hatchery. 

Where possible, infected carrier fish should be eliminated from 

the hatchery water supply. 

Sanitary measures should be rigorously followed in the hatchery 

and rearing ponds. 

Treatment: The most effective treatment is by the addition of antibi

otics such as Terramycin or chloramphenicol to the diet at a level of 

2.5 to 3.5 grams per 100 lb. of fish per day until the outbreak is under 

control. The sulfonamides usually are not effective, but may be of 

some help if the fish are resistant to the disease. 

Vibrio disease 

Occurrence: This disease normally may occur in all species of salmon 

being reared in salt water. It also has been reported to occur in 

trout being reared in fresh water that are fed the raw flesh of infec

ted marine fish. It also occurs in wild marine fish, and has been 

found in herring. I 

Descrip.tion and Symptoms: The disease is well described as a bacterial 

hemorrhagic septicemia, and was formerly called "salt water furunculo

sis" because of the resemblance to the symptoms of the latter disease. 



. 'l 

L. 

.\ 

j 

·' r , 

it 

19 

Typical.ly, large bloody lesions appear itl the. skin' and thioughout the 

musculature,~·due to the break down of blood vessels and tissues. ·The. 
. ' ' ' ", . . ' ~ ' ~ ' . -- : ' 

gills bleed easily,:and a bloody disc}large mS:y be ~ressed.from ·the 

· vent. HemorrJiaging of the eyes also. occurs, and may· b~ the only 

external .symptom observ~d •. In. small .fingerlings. death may OCCUt;' be- .. · 
'. - . ' . . ,.-. " -· . 

fore. any external. sympto~ are app~ren.t • 

Causative Agent: ·.The disease is caused by one or several bacteria of; 

the genus Vibrio. 
. . 

' Temperature Range: All known -~~tbreaks have occurred ·at water tempera-

tures over :So degrees F~h., and the·mpst ~evere at tempe17atures near 

60 degrees Fah. 
. . . 

·· Prevention: Salmon being reared.·in salt .water;. shouid not be subjected 

to undue stress,. as. in handling, ~Sp~cially at abnormally high water 

tempet:atures. ·Low dissolved oxygen levels als.o will subject these fish·. 

to undue stress. The organism may be .acquir~d by:feeding ~a~ fish 

carcasses; or it may'be transmitted by infected carrier ·fish. When an 

outbreak is expected, as durin.'g p~riods of ab,normally ·high water . 

temperature, sulfamet.hazi.ne. s'h.ould be included · :i.rt the. fee~ as a pro~·. 

phylactic meashre ~t a ·leve.l of 2 ·grams .. per lOO,lb. of fish per. day 

' ' 
throughout the·critical period. 

.. 

.. Treatment: . The di~eas·e ma-y b~ effectfv.ely controlled by· the addition.:· 

of Terramycin. to the. diet. at a level. of i. 5 to: 3. 5 gra~s per 100 · lb • -of 

fish, or sulfamethazine at the normal level of lO.grams pei·lOO lb .. of· 

fish pe_r day, for ·a ·.·ten· day ·period. 



Vitus diseases 

The field of virus diseases iri fish was little known in the past, 

and -it is probable that many puzzling outbreaks for which no causative 

.agents could be isolated were caused by virus infections. In recent 

years the accepted clinical methods· of virus determination, have been. 

used to establish the presence of .. a virus as. the causative· factor in 

several severe disease outbreaks among both trout and salmon in hatch-

ery reared fish.· 

Infectious pancreatic necrosis 

Occurrence: This disease, commonly called IPN, occurs primarily in 

brook trout, although it also has been found in rainbow~ brown, cut-

throat, and Atlantic salmon. It apparently is identical with a disease 

which· earlier _was called "acute catarrhal enteritis." It is extremely 

infectious, occurs among young salmonid fish shortly after they start 

feeding, and may cause mortalities as high as 80 percent. 

Description and Symptoms: Typically_the young infected fish whirl or 

swim in a horizontal spiraling manner. The fish may at times swim in a 

frenzied manner, alternating with quiescent periods when they may rest 

on the bottom. Internally the stomach and anterior intestine are filled 

with a thick,· clear or .slightly whitish mucous material, distended, and 

empty of food.· The spleen and liver _may be almost colorless. Severe 

necrosis. of the pancreas and hyaline_ degeneration of skeletal muscle 

are also characteristic of the disease. 

Causative Agent: Accepted clinical ·methods have demonstrated that the 

disease is caused by a virus. The microscopic lesions are almost 

identical-to· those.of the Coxsackie virus in mice. 
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Temperature Range: Unknown; the disease is reported to be less common 

in hatcheries having constant-temperature spring water. 

Prevention: The disease is extremely contagious. Suspected carrier 

fish should be removed from the water supply and the hatchery. The 

disease may be water-borne, or transmitted by ingestion of infected 

food. Strict sanitary measures are necessary to prevent spread of the · 

infection. 

Treatment: No.effective treatment is known for infected fish. Like 

most virus diseases~ it does not respond to any known chemotherapy. 

Sockeye salmon virus 

Occurrence: This disease formerly caused high mortalities among sock-

eye salmon and kokanee fingerlings being reared in several federal 

hatcheries in Washington in the upper Columbia River watershed. The 

.d;isease is extremely infectious~ It is carried· by infected adult 

salmon spawners and transmitted by the feedings of raw infected sock-

eye caracasses and viscera. The incidence of the.disease was reduced 

to a low level when this feeding practice was discontinued. 

Description and Symptoms: Symptoms vary with the size of the finger~ 

lings infected. If the disease occurs in the spring when the fish are 

small, the typical symptoms are lethargy, side-swimming, erratic be-

havior, and hemorraging at the base of the fins. Surviving fish often 

develop spinal deformities. If an outbreak occurs in the following fall 

when the fish are largeri the hemoragging symptom is more prevalent. 

Reddish areas also develop along the sides, small hemorrhagic areas 

occur in the visceral fat, and the intestine also ·may be inflamed. 



Causative Agent: Accepted clinical methods have shown that the disease 

is caused by an unknown virus. 

Temperature Range: The disease occurs over a wide range of water 

temperatures, being virulent from 40-to 60 degrees Fah. 

Prevention: The only known effective preventive measure is not to feed 

raw or frozen salmon carcasses, eggs, or viscera. 

Treatment: No effective treatment is known for infected fish. Such 

fish should be eradicated and strict sanitary methods employed to pre-

vent spread of the infectiono 

Chinook salmon virus 

Occurrence: This virus-like disease has caused high mortalities of 

chinook salmon fingerlings at the federal hatchery at Coleman, 

California, in the Sacramento River system. The disease occurs shortly 

after the young fish are moved from the hatchery to the ponds for rear-

ing. 

Description and Symptoms: Typical symptoms include lethargy, dark 

coloration, erratic.behavior, pop-eye, and a well defined hemorhaggic 

area in the dorsal region behind the head. 

Causative Agent: Accepted clinical methods indicate that the disease 

is caused by an unknown virus. 

Temperature Range: Outbreaks occur at water temperatures below 50 

degrees Fah. When the water becomes warmer the epidemic subsides. 

Prevention: No effective preventive measures. have been developed. 

Treatment: No effective treatment is known. 
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Lymphocystis 

Occurrence: This virus disease occurs in a number of marine and fresh-

water fish. It is most apparent among some that are artificially 

propagated in fresh water, :i.ncluding.the walleye and many of the 

Centrarchids or sunfish family. The disease has not been reported 

among salmonids. It is of a chronic nature which is seldom if ever 

fatal. 

Description and Symptoms: The disease is character:i.~ed by external 

lesions, although thes~ may also occur internally. Host. cells which 
. . . -

become infected are stimulated to abnormal growth. These raised 

growths of tissue ep.large until they burst, releasing virus particles 

into the water. Among Centrarchids the lesions are usually limited to 

the fins, and commonly the caudal fin is the principal site of infec-
. . . 

tion. In some fishes lesions uiay occ.ur on any portion or over the 

entire body. Hemorrhagic areas occur during acute stages. 

Causative Agent: It is well established that the disease is caused by 

a virus which is water-borne and transmitted by infected fish. 

Temperature Range: Unknown; apparently the disease occurs over a wide 

range of water temperatures. 

Prevention: The only preventive measure known is to remove and destroy 

all infected host fish ·from the hatchery or pond wat .. er supply. 

Treatment: No effective treatment-of infected fish is known. 

External protozoan parasites 

Trichodiniasis 

Occurrence: Several species of Trichodina commonly parasitize many . 

species of .fish in fresh waterp.both warm-water and cold-water species, 
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including the salmonids. The parasite is found on both hatchery reared 

and wild fish. When numerous they can cause serious losses among 

hatchery reared fish. The disease disappears from downstream salmon 

migrants when they enter salt water. 

Description and Symptoms: When abundant the organism may cause consid

erable irritation of the gills, as well as to the skin and fins. The 

fins may become frayed, and irregular whitish areas appear on the skin. 

A typical symp.tom is frequent flashing of infected fish in attempts to 

remove the irritating parasites. The fish develop a tattered appear

ance if untreated, and suffer loss of appetite. 

Causative Agent: A number of species of this ciliated protozoan 

parasitize various species of fish. Apparently one species infects 

chinook and another coho salmon. Other species are found on trout and 

other fishes. The parasite ~s transmitted directly and rapidly from 

close association with infected fish. 

Temperature Range: Unknown; water temperatures below 50 degrees Faho 

do not inhibit the parasite, which apparently has a wide temperature 

toleranceo 

Prevention: Uncrowded ponds and adequate dissolved oxygen will aid in 

preventing rapid spread of the disease in hatchery ponds. 

Treatment: Fortunately~ Trichodina responds readily to treatmento· It 

can readily be controlled by formalin, salt, PMA, Diquat, malachite 

green,· or acetic acid. Formalin baths at a concentration of 1 : 6,000 

for one hour is the preferred removal treatment. Where ponds are not 

conducive to flushing, or where secondary bacterial infection is sus

pected, Diquat at 8.4 or 16.8 p.p.m. for four consecutive days is 

recommended. 
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Costieisis 
. . . . 

Occurrence: This is a common external parasitic infestation of both 

trout and salmon •. It .is.introduced into hatcheries from wild host fish. 

The disease is most destructive among fry and young fingerlings, al

though older fish may also suffer losses •. The disease may occur among 

alevins. in the hatchery t. b.ut seyere lossEas usually do not occu;r until 

the ~oung ·fish have s tar.ted feeding~ The orgarlism may often be present 

in salmon hatcherie_s withoU,t causing an 'epiaemic. unless conditions are 

favorable for an ou~break, such as, overcrowding or poor nutrition. 
' . . ·- . . 

Migration to salt water does not halt the·infection • 

. Description .and Symptoms: · The parasit~a typically infects_ the gills and 

·fins.· and, it1 heayily. infected fish,: a bluish film may spread over· the 

. entire body~ This disease may cause death-without any drastic tissue 

changes. 

c!O~ng itifec.t~ad fish._~}'~~:~c9.1n~ very' lethargic. Sudden flashing 

.. may be evident when the body surface 'is infected. 

Causative Agent: The disease is caused. by a v~ry small protozoan flagel

late, Costia necatrix. Positive id~ntification is made· only under t'he · 

, microscope. 

Temperatute Range: ·Unknown; may occur at all normal salmon or trout 

hatchery temperatures.· 

Prevention: Young. fish sho.uld not ,be overcrowded.· A good l;>alanced 

diet should be maintained. Formalin baths .at a concEmtration of 

1 ·: 6,000 for. one· hour may be used 'as prophylaxis·, provided that bacteri.,.:; 

al gill disease is not present. Formalirt is lethal if fish are weakened 

by bacterial gill disease. 

~ . ' ' 



4V 

Treatment: The preferred treatment is the formalin bath, as indicated. 

This may need to be repeated, An acetic acid dip at 1 : 500 concentra-

tion also is reported to give good results. 

Ichthyophthiriasis 

Occurrence: This is'the most widespread external parasitic disease of 

fish. It is found on a wide variety of species, including warm-water 

species as well as salmon and trout. I~ occurs on both hatchery reared 

and wild fish. The causative organism is frequently present in hatchery 

ponds, but not lethal except to young fish under optimum conditions for 

the causative organism. 

Description and Symptoms: The parasite typically infests the epithelial 

layers of the gills, fins, and skin. The infestation can be detected 

visibly, and appears as small~ grayish white swellings on the body and 

fins. Young infected fish often may be seen to rub against the bottom 

or sides of a pond in efforts to dislodge the parasite. Young infected 

salmon exhibit considerable flashing, jumping, and erratic movement. As 

the parasite develops the fish become listless and dark in color. When 

mature 7 after a period of ten days to five weeks, depending on water 

temperature, the parasite drops off the host fish and settles to the 

bottom of the pond.. Here it encysts and multiplies. After several days, 

depending on water temperature, the cyst bursts and a large number of 

the minute» free-swimming ciliates emerge and actively seek a host fish, 

where they bore into the epithelium and repeat the life cycle. 

Cqusative Agent: The disease is caused by a ciliated protozoan, 

Ichthyopthirius multifilis. 
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Temperature Range: This is a comparatively warm-water disease. The 

organism frequently is present but inactive at low water temperatures. 

The disease often breaks out in salmon fingerlings, especially chinook, 

at water temperatures above ·60 degrees Fah. The optimum temperature for 

the organism has been noted as 77 to 80 degrees Fan. 

Prevention: Removal of infected ho~t fiSh from the water supply wh~re 

possible will reduce the source of infection in hatchery ponds. 

Lowering the water level and increasing the water velocity in race-

way ponds every few days for a period of several hours will wash out the 

cysts and free-swimming stage of the parasite and reduce the incidence 

of infestation during periods of high water temperature. 

Treatment: There is no effective treatment of the host fish after the 

parasite is embedded in the epithelium.· However, the infestation may not 

be lethal, and reinfestation can be pr~vented. The cysts arid free-

swimming stages are easily killed by a variety of chemical treatments. 

The preferred treatment is a formalin bath at·a concentration of 

1 : 6,000 for one hour, repeated daily until all the parasites leave the 

host fish. This usually requires about four days at 70 degrees Fah., or 

thirty or more days at 50 degrees Fah. 

Parasiti~ copepods 

Occurrence: Several species of these parasitic crustaceans infest trout 

and salmon 5 including both wild and hatchery reared·fish. They are found 

in both fresh and salt water, and may sometimes occur in sufficient abun-

dance to be troublesome, particularly in trout hatcheries •. 'Adult fish 

usually are more heavily parasitized than fingerlings. 



Description and Symptoms: The most common copepod infestation is easily 

observed. The organism is typically attached to the gills and fins. 

It is relatively large, several millimeters in length, and is yellowish 

white in color. The organism commonly observed is the female, bearing 

a pair of long egg sacs posteriorly,within which the embryos undergo 

complete development. When fully developed the egg sacs break open and 

the young, free-swimming larvae actively seek another host. 

While a'ttached to the gills the parasite debilitates the host fish 

by sucking large quantities of blood, and also by mechanical injuries to 

the tissues, which often result in secondary infections." 

Light infestations do little harm, but in overcrowded broodstock 

holding ponds 7 under optimum conditions for the parasite, considerable 

losses may occur. Such mortalities usually occur during the spawning 

season 7 when the vitality of the fish is already low. 

Causative Agent: The most common form is Salminicola edwardsii. An

other form is found on a great variety of wild fish, and is named 

Lernaea carassii, commonly called "anchor worm." 

Temperature Range: Infestation occurs over a wide range of water 

temperatures. 

Prevention: One obvious measure is to isolate infested fish. Host 

fish should be removed from the hatchery water supply where possible. 

The free-swimming larval stage may be prevented from entering the 

hatchery water supply by a sand filter. 

Treatment: No effective measure has been developed for treatment of 

host fish after the parasite has become imbedded in the gills and other 

tissues. However, the free-swimming larval stage is easily killed by 
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a strong salt solution, by a formalin bath at a concentration of 1 : 

6,000. for one hour, or by Lindane at concentrations of 1 :. 10 million 

to 1 40 million. 

Since the adult female copepod may remain alive on the host fish 

for two months or more, and normally lays two batches of eggs, chemical 

treatment may not be entirely effective. 

Partial control also may be obtained by keeping infested host fish 

in ponds having increased water velocity, so as to wash out the free-

swimming larval stage. 

External parasitic worms 

Gyrodactylus 

Occurrence:This monogenetic trematode commonly infests trout, but also has 

been found on adult sockeye salmon. Very similar or possibly the iden-

tical species occurs on a wide variety of fish, including warm-water 

species. The organism is found in both hatchery reared and wild trout~ 

When ignored under overcrowded hatchery conditions the parasite may 

cause heavy mortality among trout. 

Description and Symptoms: The parasite may occur almost anywhere on the 

host fish, but is usually most abundant on the dorsal and caudal fins, 

which become badly frayed and eroded. The affected body surfaces become 

covered with a bluish-gray slime due to the increased secretion of mucus. 

A low power lens will reveal.the organism, usually attached to the host 

by a pair of curved hooks ~t the posterior end. They may also be 

observed slowly crawling over the surface of the fish. Infected fish 

often can be seen to rub themselves against the sides or bottom of the 

pond in an evident attempt to dislodge the parasite. Heavy infestations 

have an extremely-debilitating effect on the host. A bad feature is that 
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the disease makes the host fish susceptible to fungus and other secon-

dary infections~ 

Causative Agent: The infestation is caused by a monogenetic trematode, 

Gyrodactylus elegans. 

Temperature Range: Unknown, but apparently the parasite occurs over a 

wide range of water temperatures. 

Prevention: Infected fish should be removed from hatchery water sup-

plies where possible. Increased water flow through holding ponds may 

aid in reducing the extent of· infestation. 

Treatment: The parasite can be easily controlled, and no ·hatchery need 

suffer serious losses from this organism. The preferred treatment is a 

formalin bath at a concentration of 1 : 4,000 forone hour. 

Internal protozoan parasites 

Hexamitiasis 

Occurrence: This widespread hatchery disease, formerly called "octo-

mitus" occurs in both salmon and trout being reared artificially. The 

disease formerly appeared in epidemic proportions, but in recent years 

has not been a serious source of trouble. It is believed that the 

former outbreaks probably were due to inadequate diets, and also may 

have been precipitated by overcrowding and size variation among finger- r. 

ling fish. 

Description and Symptoms: This small flagellated protozoan is found in 

the anterior intestine, stomach, and gall bladder of infected fish. The b 
most serious outbreaks occur among fingerlings, and it is the young fish 

that suffer heavy mortalities. The most common symptom is the appear-

ance of emaciated fish, commonly referred to as "pinheads." Infected 
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fingerlings suffer loss of appetite arid become weak and listless;. · In 

. acute infestations fingerlings may exhibit a whirling or corkscrew 

motion, or they may lie on the bottom of the trough or pond and.bend the 
. . . . 

body from side to side with quick, si)asmodic move~ents. ni.e only sure 

method,of diagnosis is by microscopical examination of the intestinal. 

contents. 

Causative Agent: The disease is caused by mass infestation of a 

protozoan·flagellate~ Hexamita salmonis. 

Temperature Range: Uriknown. · 

PREVENTION: ·The ·organism frequently appears· in the· intestinal tract of 

apparently healthy carrier fish, and may also exist in a free, resistant, 

dormant cyst stage:. When the cyst is ingested by a host fish it quickly 
- . . 

develops into the active flagellate. Because of·these feature·of the 

life history, it is very difficult to eliminate the organism completely 

·from a hatchery population. _, . .:.'-

The best. preventive measures are to avoid overcrowding'· provide an 

adequate.· balanced diet,, and maintain uniform sized fish in ponds by · 

proper grading. 
, .. 

Treatment: Formerly the classic treatment was by the addition ··of 

calomel at a_level of Q.OS .to 2.0 percent, or carbarsone at a level of· 

2.0 percent, to the diet for four days. This flushed- the intestinal 

tract and ptesumably.removed most of the parasites. However, calomel 

is-frequently toxic and also unpalatable to the fish~· It has been 

s:uggested that epsom salts would be more satisfactory. 
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Myxosporidia 

This is the largest group of internal protozoan parasites of fish; 

more than 700 species having beeri described. They are found in a wide 

variety of fish, including fresh-water, marine, and anadromous species, 

and in both hatchery-reared and wild fish. At least seven species have 

been identified as responsible for disease outbreaks in northwest sal-

moD. hatcheries. The following description is limited to Ceratomyxa, the. 

·most damaging my.xosporidian found in this area. 

Occurrence: This _parasite has been fourid in chinook and coho salmon, 

as well as in trout, at several hatcheries in the lower Columbia River 

watershed, where it has been responsible for serious losses of adult 

fish. The_ diseas.e also occurs in fingerlin$S• It also has been re-

ported j_n rainbow and steelhead trout at a California hatchery. It is 

significant ~hat all outbreaks· of Ceratomyxa have occurred in hatcheries 

associated with a lake or reservoir, which appears necessary for forma-

tion.of the infectious stage. 

Description and Symptoms: As the name indicates, this entire class of 

Protozoa, called Sporozoa, is characterized by the formation and re-

lease of small resistant spores. This enables them to withstand un-

favorable conditions outside tP,e host, and renders them very difficult 

to eradicate. 

The parasite multiplies throughout the tissues of tbe host fish. 

Infected adult chinook may exhibit nodules in the gut which may develop 

into perforated lesions causing death. Gross lesions. may occur in the 

liver~ kidney, spleen, and musculature, whicA abcess as they progress. 

Infected adult coho usually show grossly thickened intestinal walls and 

pyloric caeca before death. The life cycle of Ceratomyza is not 
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completely known. Mature spores may be formed and the death of the 

host occur within 20 to 30 days following initial infection. 

Causative Age~t: The disease is caused by a myxosporidian parasite» 

Ceratomyxa shasta. 

' . 
Temperat'ure Range: It appears that water temperatures- above 50 degrees 

Fah. are necessary for initial infection. The disease progresses more 

rapidly with increased water temperature. 

Prevention: The best preventive ~easure .where the disease has not oc

curred is to prohibit ·the transfer of eggs or fish from infected waters. 

Where hatchery infection is known to be carried by the water supply, 

it may be possible to -treat the water by any of several methods. These 

include chlorination or ultra-violet irradiation; thus preventing the 

entrance-of the infectious stages of_ the parasite. 

Treatment: No effective treatment is known for· infected fish. 

Ichthysporidium 

Occurrence: This sporozoan internal parasite may be found in many 

species of fish, both fresh-water and marine. It is of interest be-

cause it has been responsible for serious losses of yearling, market-

able size rainbow trout'in several commercial hatcheries. 

Description and Symptoms: Typically the parasite attacks the kidney 

and liver, although the spleen and intestines also may be enlarged and 

infected. Externally the organism causes lesions in the skin and gills. 

Causative Agent: The disease is caused by a parasitic sporozoan, 

Ichthyosporidium hoferi. An oral route of infection is the normal means 

of transmission. 

. . . ' . ' 
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Temperature Range: Unknown, but the spores apparently are resistant to 

a wide range of water temperatures. 

Prevention: Outbreaks in commercial rainbow trout hatcheries are known 

to have been caused by feeding the raw carcasses of infected carp. No 

untreated fish or meat products should be included in the diet. 

Where possible, any infected fish in the hatchery water supply 

should be removed. Likewise any infected fish in hatchery ponds should 

be removed, and the ponds drained and sterilized before reuse. Due to 

the resistant nature of the spores, eradication may be difficult. 

Treatment: Control of this disease· lies in prevention rather than 

treatment. No effect~ve t~eatment is known for infected fish. 

Salmon poisoning disease 

There are a number of internal parasitic worms and flukes which -· i 

·- ~ .. ·- \•"-~ ·-·-: - .. -·-

may infest fish. ·Only inf-requently do they interfer~·~~e-~iously with 

hatchery operations. One of particular interest is responsible for the 

"salmon poisoning disease" of do$s• 

Occurrence: This disease is caused by a digenetic trematode» and oc-

curs among a wide variety of fresh-water and anadromous fish where the 

parent or spawning stream supports a population of the specific snail 
[ 

intermediate host. 

Description and Symptoms: The disease actually is caused by a ricket-

tsian which parasitized the fluke. Both the fluke and the rickettsian 

remain viable in salmon while the fish are in the ocean. The adult 
r 

form of the fluke attaches in the intestine of fish-eating carnivorous t 
mammals, as dogs, bears, and racoons. The mammalian host acquires the 

parasite by ingesting the encysted metacercaria contained in the raw 
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flesh of infested fish. Egg.s a.re di?charged through the mammalian in-

testinal t~act. If the eggs enter water they hatch as free-swimming 

miracidia. The miracidia. must bore into a specific aquatic snail, 

Oxytrema plicifera, where they multiply and later leave the snail as 

free-swimming cercaria.. Upon coming in contact with a fish, the 

cercaria bore in and encyst as metacercaria. 

Large numbers of encysted metacercaria have a debilitating effect 

on young fish, which often appear emaciated. The optic nerve often is 

affected in heavy infestations, causing blindness and exophthalmos, com-

monly called "popeye." 

Causative Agent: The so-called "salmon poisoning disease" is c;aused by 

the digenetic trematode or flatworm, Nannophyetus salmincola. 

Temperature Range: Unknown. 

Prevention: No effective measures have been developed to completely 

eradicate the intermediate host snail in streams.. Where the hatchery 

infection is.known to be carried by the water supply, the most promising 

measure is to continuously disinfect the water supply, thus destroying 

the free-swimming cercaria. This also might be accomplished by chemi

cals. Electric grids also have been reported to be effective for this 

purpose. 

Treatment: No effective method has been devised to rid infested fish of 

the encysted metacerca~ia. 

J Blood fluke 

Occurrence: This disease is caused by a digenetic trematode, and is 

• > 

found in both trout and salmon where the parent or spawning stream 
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supports a population of the specific snail intermediate host. This 

parasite has been known to cause serious losses among hatchery-reared 

rainbow and cutthroat trout. It is not known to have caused serious 

trouble in young salmon. 

Description and Symptoms: The rather complicated life history of this 

parasite is somewhat similar to Nanophyetus salmincola, whi~h is 

responsible for "salmon poisoning disease." The principal difference 

is that the blood fluke lives in the gill arteries of the host fish, 

where it lays eggs which lodge and develop in the gill capillaries. 

Since the disease centers in the gills, a heavy infestation may 

inhibit.respiration. The miracidia leaving the gills could also cause 

an extensive loss of blood and damge the gill epithelium. This also 

could make the host fish susceptible to secondary bacterial infections 

and fungus. 

Causative Agent: In trout the parasite has been identified as the 

digenetic trematode, Sanguinicola davisi. The adult fluke has not been 

described in salmon, but probably is the same species. 

Temperature Range: Unknown. 

Prevention.: In cases where the free-swimming larvae or cercariae are 

carried into a hatchery in the water supply, the ideal preventive 

measure is to destroy the snail intermediate host population upstream. 

Since this is seidom practicable or possible, in a heavily infested 

stream it may be advantageous to disinfect the hatchery water supply, 

either chemically or by means of an electric grid. 

Treatment: No effective method has been devised to rid the gills of 

infested host fish of this parasite. 
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Haplosporidia 

Occurrence: A member of this g~oup of sporozoans is generally consider-

ed responsib;I.e for several hatchery and spawning channel infestations 

among adult chinook salmon and fry, and in adult coho salmon. It has 

been observed in both the Columbia and Sacramento River systems. 

Description and Symptoms: This parasite typically infests the gills, 

but also may be found on the skin of the host fish. Mature cysts are 

readily·visible on the gills as white spheres about 1 mm. in diameter. 

Each cyst contains myriads of small spores. The gill lamellae and 

filaments are drastically displaced by developing cysts. When cysts 

are.formed in the skin they greatly resemble an infestation of 

Ichthyophthirius. Cysts on the gills of fry apparently interfere 

greatly with respiration. Adult fish seem to be able to withstand a 

relatively heavy infestation. However,. the gill damage renders the fish 

much more susceptible to bacterial gill disease, fungus, and other 

secondary infections. Mature cysts are dislodged from the gills and 

drop to the bottom of the pond. The entire life cycle has not been 

described, but is supposed to be relatively uncomplicated. 

Causative Agent: This parasitic infestation generally is considered to 

be caused by an organism belonging to the. Haplosporidia, namely 

Dermocystidium salmonis. 

Temperature Range: Unknown. 

Prevention: No effective preventive measure is known except for the 

removal of infected fish. 

Treatment: No effective treatment has been developed. 

"· -. 
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Fungus disease 

Occurrence: There are a number of aquatic fungi which may attack most 

fish and fish eggs in fresh water under conditions favorable for the 

plant growth. The zoospores which spread the infection are almost 

universally present in hatchery water supplies. Varying descriptions 

of fungus infestations may be due in part to the several species vhich 

may occur. 

Fungus may occ~r on any part of the fish, but normally enters and 

develops on any injured body surface, or in areas where the protective 

covering slime has been rubbed away. Frequently it occurs as a secon-

dary invader following some bacterial or parasitic infection. Fungi 

tend to establish themselves on dead organic material in the water, as 

on dead eggs, or on surpl~s food particles in troughs and ponds, but 

soon spread to adjacent live organic material. Formerly large losses 

of hatchery eggs sometimes occurred from fungi, but this is now easily 

prevented. 

Description and Symptoms: Fortunately, fungi are easily visible and 

·respond readily to chemical treatment. Typically, fungus appears as a 

tuft of white threads which extend and radiate from the body surface. 

The fungus is attached to the fish by means of small, root-like fila-

ments which penetrate the skin and, in acute stages, may invade the 

underlying muscles. As the filaments grow through the skin they kill 

the surrounding tissues and thus form large necrotic areas which may 

eventu~lly kill the fish. 

Causative Agent: The commonly observed fungus infection is due to the 

invasion of Saprolegnia parasitica. 
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Temperature Range: Occurs over a wide range of water temperatures 

but develops more rapidly in warm water. 

Prevention: The preferred method of fungus prevention for eggs is the 

addition of malachite green to .the water .supp_ly, usually at a concen-

tration of 1 : 450,000 for a one hour period several times a week. The 

optimum application must be de.termined in accordance with individual 

hatchery water quality conditions. · 

Treatment: Malachite green is preferred, and may be used at a concen-

tration of 1 : 19,000 for ten to thirty seconds as an effective dip. A 

prolonged three-percent salt bath may .be substituted if other fungicides 

are not immediately available. 

The basic information in this chapter is contained principally in 

Reference lio. 2. 
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USE OF ANAESTHETICS AND TRANQUILIZER DRUGS IN FISHERIES WORK 

·Those drugs in most common use are shown in the table on pages 6-

11, which includes.notations on their effects. As noted, some have a 

wide range of application and others are particularly adaptable to 

special uses. 

The time factor, both. for general anaesthesia and for tranquilizersp 

varies widely with water temperature, water quality and size of fish, 

and also e:xh,ibits variation between some .species~ Examples of this 

variation for various drugs are shown in the.table on pages 6-11, and 

for a specific drug~ M.S. 222, in the tables on pages 3, 4 and 5 taken 

directly from the publication, "M.S. 222 - Sandoz, the anesthetic of' 

choice in work with cold-blooded animals." Technical Bulletin of 

Sandoz PharmaceutJ.,c.~l~, Hanover, N.J. :--.- ~-- .! ~ .... __ 

.,._:::...;.. .,_ __ - -- . 
: ':...·.--~ ... 

Certain drugs, as sodium amytal, are not effective in sea-water or 

' I highly alkaline water; further, the effects .of some drugs on fish are 

not known or recorded. Test trials always should be conducted within 

the listed range of concentration before large scale use. Research and 

field trials may reveal drugs that ar.e eq.ual or superior to those listed. 

Many of the drugs listed are known by several names, of which only 

the most common are given •. Those that are narcotics or hypnotics may 

not be obtained easily. All should be used with proper care to prevent 

irritation or more serious effects on humans in contact with the drugs. 

J One that was formerly used widely~ urethane, is omitted because of pos-

sible carcinogenic effect. Continuous checks should be kept on all for 

possible side effects. 
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Most of the data contained on pages 6-11 is presented in greater 

detail in Bulletin No. 148 of the Fisheries Research Board of Canada, 

1964 (Revised 1967) by Gordon R. Bell, "A guide to the properties, 

characteristics and uses of some general anaesthetics for fish." 

More specific details on types of drugs and certain of their ef-

fects may be obtained from the references: 

Subject 

Types 

Dost:;s by species 

Doses - Concentration 

Doses - Duration 

Uses Hatcheries 

Reference No. 

1-28 

10, 29-42, 45, 46 

1, 7, ~14, 16, 18» 25, 26, 
33-35, 42, 47 

. 1, 14, 26, 34, 36 

34, 47, 48 

Uses Transportation 9, 11, 12, 14, 16, 24, 42, 49-59 

Uses - Tagging and marking 60-61 

Effects on humans 1, 18 

Preference 1, 8, 15' 16, 18, 24, 31, 35, 
42, 47 

Recovery time · 1, 11, 13, 27,,34, 42 

Side effects 1, 18, 20, 25, 33, 47 

Also see chapters on Hatcheries and Transportation for uses.of 

anaesthetics and tranquilizer drugs. 

r: 
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Variety of Fish C-oncentrations of M.S. 222 Anesthesia Time 

Silver Salmon o.s to 1.0 Gm. per gal. 2 to 4 minutes 

Sockeye Salmon 0.5 to l.O·Gm. per gal. 2 to 4 minutes 

Lake.Trout 0.5 ·to 1.0 Gm. per gal. 2 to 4 minutes 

Brown Trout o. 5 to 1.0 Gm.. per gal. 2 to 4 minutes 

Rainbow Trout 0~25 to 1.0 Gm. per gal. 1 to 2 minutes 

Large Mouth Bass 0.5 to 1.0 Gm.. per gal. 2 to 4 minutes 

Small Mouth Bass 0.5 to 1.0 Gm. per gcil. 2 to 4 minutes 

A wide range of satisfactory concentrations vs. anesthesia duration 

has been reported, but .an average ratio for five to ten inch specimens 

at a temperature of from 40° to 60° is shown on page 4 and 5. 

II 
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Concentration 
Variety of Fish of MS222 Anesthesia Time Remarks 

1. Silver Salmon 
Fingerlings 3 to 
5 inches 

2. Lebistes 
reticulatus 

3o SockeyE! Salmon 
Immature 

4. Salmon 
(0. nerka) 

1:.3,785 

1:5,000 

1:12,000 

1:12,500 

5. Salmon finger- 1:17,000 
lings to 17,500 

6. Rainbow Trout 

i. Lake Trout 
(8-20") 
Bluegills (.3-7") 

8. Lake Trout 
(C. namaycush) 

1:3,333 

1:13,100 

1. 3,333 

1.12,500 

9. Steelhead Rain- 1:15,140 
bow Trout 

(yearlings) 

2-4 min. 
360 F. 

5 min. 

4-5 min. 

Fin clipping. Some 
mortality longer 
than 4 min. None at 
2 min. (mortality .37 
out' of 11,922). 

Longer anesthesia 
likely to kill fish, 
but repetition at 
intervals .3-5 days 
possible without 
injury. 

E:xp. for weight, 
length. and scale 
data. No adverse 
effects. 

15-30 min. Marking--no adverse 
to 2 hrs. effects. 

10 min. 

30 sec. 

.30 min. 

5 min. 

Fin marking exp. No 
adverse effect. 
Little difference in 
time to anesthetize 
different fish. 

Mortality over 4D-50 
sec. 

Generally no adverse 
effect, but if temp. 
increased to 800F~ 
mortality occurred. 

5-15 min. Larger fish took 
longer time to feel 
effects of drug. No 
adverse effect. 

5 min. Fin clipping. No 
loss and no adverse 
effect using several 
hundred thousand. 
Fish regained their 
senses very rapidly 
upon being placed in 
fresh water. 

. ' 
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Variety of Fish 
Concentr.a tion· 
· .. of MS222· ---......;.;;;;;;..;;;.=- ·Anesthesia Time Remarks 

10 •. Rainbow 
Trout 
King. Salmon 

1:15,000 . 
1:20,000 
1:25,000 

11. Rainbow·Trout 1:3,785 
(Fall & Si)ring Spaw) ·lill,625 

12. Brown & Rain- · 
bow. Trout 

13. Large Mouth 
Bass 

1: 5·,53o 
1:12,500 

1,3,000 ' 

· 5..:20 min. 

l-2 min. 
·1-2 min.· 

Spawning-..:No adverse 
effect. 

Subcutaneous Tagging. 
If · temp. above. 6oo . 
F at 1:3,785, mor,
tality occurred, but 

. did no.t occur if cone • 
. was 1:11625 • .-Reported · 
·as superior to Ore-· 
"thane for subcutan
eous tagging. 

18-20 min. Spawning--no adverse 
effect. · 

1-3 min •. Weighing &.measuring 
exp. ~o adverse ef
fect~ Found M.S. 
222 very satisfactory. 

· 14. Rainbow· & 
Brook Trout, Bass, 
Bluegills 

1:3,785 for to 13 hrs. 
experiment 

.No adverse effect 

15. Tropical & 
Goldfish, Blue
gills, Bullheads 

16. ·Rai~bow Trout 
Brook Trout, 
Large Mouth . 
Bass. 

· 1:38,750 for 
transportation 

1:3,500 

1:15,-Sod 
1:31,000 

4-10 min. 

20 min. 

when exposed for a 
short time~ Reported 
as excellent for 
sp~wning, fin clip
ping, tagging exp. 
Used;in transportation 

.as iong as 8 .hrs. at· 
1:38750. Promising 
but conflicting·re

.sults during trans
portation. 

No adverse effect, 
·even when used re
peatedly tri~weekly 
over several months · 
qn s.ame animals • 
Longer time reported 
to anesthetize larger · 
goldfish. Most· 
observation at a tem
peratur~ of. 68° ± 3oF. 

Tagging and: fin clip
ping 10% mortality on 
one strain.of rainbow 
trout. Between amount 
ofM .• S. 222 and size· 
of animal~-direct re~ 
lation • 



Common Name 

M.S. 222 (solid) 
(Tricaine 
methanesulfonate) 

Chloretone 
(crystal) 

(Chlorbutanol) 

Quinaldine (liquid) 

Methyl pentynol 
(liquid) 

Preferred U_se 

Marking, tagging, 
spawn taking, 
operations, 
transportation 

Marking, tagging 

Marking, tagging 

Transportation 

Sodium amytal 
(solid) 

(Amoba£bital sodium) 

Transportation 
in soft water 

6 

Commonly Used 

Time Required for 
Concentration Anaesthesia Recovery 

0.5-1.0 g. /gal. 

0.14 g./gal. 

1. 5 g. /gal. 

5-12 p.p.m. 

2-4 ml. I gal. 

0.5-0.8 
g. /gal. 

(min.) (min.) 

2-4 

Tranquilizer 

1-2 

Tranquilizer 

3-5 

3-5 

1-10 

Immediate 
in F.W. 

Tranquilizer, Immediate 
slow acting- in F.W. 
15-30 

t. 

~. 

I 
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Anaesthetics for Fish 

Solubility in 
water 
G./100/ml 

Very soluble 

0.8 Mix stock 
soln. ·with 
wa:rm water 

Slight; mix 
stock soln. 
with acetone 
or ethanol 

Density 0.87, 
will float 
unless mixed 

Very soluble 

Stability 
Undiluted Soln. Effect 

Toxicity· 
to Man 

Stable Loses Decreases Slight 
strength act·ivity 
slowly & o2 

consumption 

Sublimes Fairly Depressant; Irritant 
Keep stable relaxes 
tightly involuntary 
closed muscles 

Fair, Several Unknown;· may Slight 
Keep days be depressant 
tightly 
closed 

Stable Stable Decreases Slight 
activity & 
o2 consump-
tion 

Stable Loses Sedation; ~lormally 

strength reduces o2 non-toxic 
slowly consiml.ption 

Remarks 

Produces rapid deep 
anaesthesia. Avoid 
contact with sperm~ 
which retards motility 
& causes poor egg 
fertilization. Best 
for operations. Limited 
use in transportation 
because unstable in 
dilute soln. 

N 
N 

Effective rate in- 1-1 
~ 

creases rapidly wi.th .j.J 

t:l.. 
temperature. l'!j 

..c 
u 

Good lethal tolerance 
range. 

Excellent aid in trans-
portation. Causes 
excess foaming in 
aerated soln.·unless 
used with 1% Dow Corning 
Anti Foam AF or similar 
antifoam agent. 

Not effective in sea-
water or hard water. 
A habit~forming 
soporific and narcotic. 
Not a good general 
anaesthetic. Not ef~ 

fective above soo F. 



Common Name 

· Tert. -amyl 
alcohol (liquid) 
(Amylene 
hydrate) 

Tribromoethanol 

Preferred Use 

Marking, tagging, 
Transportation 

(solid) Short-term 
experiments 

8 

Commonly Used 

Time Required for 
Concentration Anaesthesia Recovery 

5~6 ml. I gal. 
1-2 ml./gal. 

5-50 p.pam. 

(min.) (min.) 

8-12 20-30 

Varies Varies 

Phenoxyethanol Marking, tagging, 0.5-1.5 ml./gal. 2-5 3-10 
(liquid) general anaesthesia 

(Phenoxetol) 

Chloral hydrate Short-term 
(solid) anaesthesia 

Ether (iiquid) Short-term 
(Ethyl oxide) anaesthesia 

Thiouracil (solid) Transportation 

9.5-14g./Imp.gal. 2-3 

1 /oz. /gal 

388 p.p.m. 

1-2 

Several 
hours 

3-20 

.Slow 

II 

I 

Jr 
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Anaesthetics for Fish 

Solubility in 
water 
G./100/ml 

Densi~z 0.81 
14-lll . 

Mix with etha-
nol, ether or 
amylene hydrate 
2.5ML 
Mix $tock soln. 
with warm water 
or ethanol 
2. 67.12. 

2117 

7.520 
Density 0. 71 
Mix thoroughly 

Soluble, dis
solve in warm 
water 

Stability 
Undiluted Soln. 

Stable Stable 

Slowly Decomposes 
dec om- in water 
poses 

Stable Stable 

Slowly Decomposes 
vola- slowly 
tizes 

Good, Good but 
but evaporates 
volatile readily 

Stable Stable 

9 

Effect 

Depressant; 
reduces o2 
consumption 

Toxicity 
to Man 

Remarks 

Irritant Long induction and 
recovery period. 
Some hyperactivity 
during recovery. 
Causes excess foaming ir: 
aerated soln. unless 
used with antifoam agent 

Depressant Strong High narcotic potency, 
irritant but unstable. 

Lim.ited use. 

Effective dose for 
deep anaesthesia near 
lethal level. 
Fish may be hyperactive 
during inductjon & 
recovery. 

Depressant Irritant Habit forming; hypnotic 
Protect soln. from 
light & heat. 

Narcotic to Irritant Very flammable & 
central explosive in air. Use 
nervous sys- only in well ventilated 
tem area. Extremely vola

tile. Limited use. 
Cheap & readily avail
able, but others more 
suitable for fish. 

·Reduces 
metabolism; 
o2 consump
tion reduced 
20% 

Slow acting; other 
drugs more effective~ 

(' 

(' 



Common Name Preferred Use 

Propoxate (solid) Transportation, 
marking, tagging 

4 SP (solid) Marking, tagging 
(4-Styrylpyridine) · 

Commonly Used 

Time Required for 
Concentration Anaesthesia Recovery 

2-4 p.p.m. for 
anaesthesia of 
salmon; 1/4 
p.p.m. or less 
for transport 

20-50 p.p.m. 

(min.) (min.) 

2-3 5-9 

12-25 6-8 



~. 

· Anaesthetics for Fish 

Solubility in 
water · 
G./100/mJ. 

Very soluble 

Slight; dis
solve in 
acetone 

Stability 
Undiluted Soln. . Effect 

Stable 

Stable 

Good; Sedative; 
can re~use reduces 

metabolism 

Goo.d; 
·.can re.;.; 

use 

Deep ana
esthesia; 
reduces 
respiration 
& ·heart; 
action 

Toxicity 
to Man 

Remarks 

Unknown; should. Not yet commerci
be evalua~ed; . ally available; 
non-irritating Belgium import;. 

.Non-irritating; 
s·afe ·to· handle 

unduly·expensive. 

Mix well to avoid 
predipitation; 
low water solu<= 
bility could be 
disadvantage. · 
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FISH PUMPS · .. 

With the design of the so-cailed "bladeless"pump, it pecame 

pos.sible to pass fish through pumps. 

Special pump.s are useq to remove juyenile fish from ponds o~ 

trap.s, as they are a conv~~ient inethod of handling. fish in volume~. 

.and are expected to· have ·.better than 90 per cerit efficiency when 

properly designed 'and operated under low head.. In the. design of 

these pump's' the pressure of the intake (suction)' Should not be less 

than 8 lbs. abs. All venturi action should be eliminated and an. 

rpm of less than 300 is advisable. Blade and vane clearances should 

be commensurate with the size of fish to be handled. 

Fish are also passed through pumps installed for delivering 

watere Generally, the efficiency of. fish passage foll'ows the. 

efficiency of the .pump. Usuaily,. pumps are relatively high speed, 

with a minimum diameter which increases. the 'potential mechanical kill 

of fish rou,ted through such equipment. Where both large· volumes of 

water and fish passage are involved, propeller pumps are rec·ommended, 

· with the center-line of the runner set below the water surface level 

. at the intake. · 

Pumps ·d.esigned .with runners sii;Ililar to turbines should have the 

equivalent passage rates of turbines operating under the sa~ con-

ditions. 

Injector~type pumps should.be avoided, as they create sudden 

changes ·in Velocity that may. cause death. 
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Vacuummtype pumps built on the ventura principle also should be 

avoided as they create suction at the intake. Reduction of pressure 

by one-half can cause embolism. 

Air lift pumps that operate by the introduction of air into a 

' U column are reported to be successful as shown by Reference No. 6, 

which includes design criteria,·and by tests conducted by the Washing

ton State Department of Fisheries in 1967. 
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DOWNSTREAM MIGRANTS, MOVEMENT OF 

Tim.e of Downstream Migration 

The periods of downstream migration are shown .in the chapter, · 

"Useful Factors in Lif~ History of Most Common Species." 

The bulk of the downstream migration of pink salmon ·fry occurs 

almost immediately after the yolk sac is .absorbed and the fry emerge · 

from the grav:el, at which time' they are about 1 to l-112 inches in 

length, l/lf.·to 3/10 inch in depth and 3/16·inch in width. 

Chum .salmon fry also make.their downstream migration soon after 

they emerge frOm the gravel or, at most, . after . a brief peri~. of . 

stream rearing. At this time· they are approximately 1-1/2 to 2 

inches in lengtho 

Silver or coho juveniles spend their first-year in fresh water 

and·are usually from 3-l/2to lf.~l/2 inches·long at the time of sea:... 

ward migration. ·They vary from 5/10 to 9/10 inch in depth and from 

1/ll- to 1/2 inch in widtho In the northerly part of their range, 
. . . 

about half of~ the young remain in fresh water a second ye~,obtaining 

ex-t:ra size. . 

Although sockeye salmon (blueback in the,Columbia) have a lake 

rearing period from one tofo'ur years, in the Columbia and Fraser 

River systems·and Puget Sound· most move seaward in their·second yea:r 

at a length of 3-l/2 to 5 inches. 

It is difficult to be specific regarding the time .of downstream 

migration of chi~ook salmonin a river where a number of.runs and 
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races are present·as the downstream migrants enter the lower section 

of the river throughout most of the year. In general, the bulk of 

the seaward migration occurs during the spring and summer months. 

There have been recent encouraging results from returns_ of marked mia....ant falJ 
~:--· _ cohc. 

There are two distinct d~wns~am movements of chinook in the upper 

Columbia River system; the first, composed of fry in their first year 

of life, occurs in March and April and the second, composed mainly of 

fingerlings in theirsecond year; occurs in J\me and July. 

There is great variation in the size of chinook downstream 

migrants. lngeneral, fall chinook juveniles migrate to the ocean 

early in the first year of life, usually about 90 days after yolk 
J 

absorption, at.lengths of abou~ 2 to 3 inches. Spring chinook juveniles 

are expected to remain in fresh water for at least a year before 

migrating ~o the ocean in their second spring or later when they are 

about 3 to 5 inches in length. Sexually mature males are found in 

fresh water in their second year when as small as 5 inches in length. 

The majority of steelhead smolts are two years old when they 

migrate to salt water. So~e migrate in the second spring after hatch~ 

ing, or in .their second year of ~ife. Downstream migration of steel-

head appears to be more closely associated with size than with age, 

although it is also associated with springhigh water flows. A few 

steelhead.juveniles require three years in fresh water to attain their 

migratory size of 6 to 8 inches. 
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. Factors Infiu~nei~g the DoWnstream 
Migration of Salmor{ and; Steelhead 

Normally I both substantial, increases iri stream flow and 

rising_ water t~mperatures precede· the· first· significant expansion 

in the" ~umbers .o'f downstream' mi~ant fi~gerlings. ' .For. ex~mple ~ 
in the region c)f the 49th parallel fish begin' to move. downstream 

at. so(' r. This triggering temperature is modified by.the average 

annual.tenipe~ature regime of a subregion' and varies with·both. 
' . ' 

latitude and elevation. ·visuai references and light ·c:onditions 

both affect fish passage at dams· a_"Pd diversions.· 
.· ",-

· · In clear, still _water silver _salmo~ were attracted :to subsurface · 

lights with intensities .in the range of .000025·to .0035 fo·ot candles~ 
. . . . . . '· 

._·, . 

whereas at an. intensity of l. 3 foot candles, ·rio· attraction occurred. - · 

(See reference No. 37) In. both clear a~d turbid·· waters, S'\.lrface ·lights· 
. . . . ' . . 

with an intensity of .015 foot candles. proved to be an e_ffecti.ve. 

·guiding stimulus (attraction), while' a 300 watt light bulb caused.· 

repulsion. (See reference .No •. 38) 

Migration Path of Downstream.Migrants. . .: 

. The horizontal distribution of do~stream migrants may occur across 

an entire stream, depending on ·light and water clari.ty~ although usually 

.the-area along 'the shore line has the larger numbers of· fish 'and, 
. . . . . . 

particularly,. ·smaller sized. fish •. 

The vertical distribution gel)erally will show th.e largest nutr.ber 

of downstream migrants in the_ top 2-i/2 feet, alt.hough this may be· 

al~ered by factors such as S1J.nlight; water clarity, and·t~mperature. 
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Migration Rate of Downstream Migrants 

Marking and reco~ery research projects on. chinook downstream 

migrants at ~ajor dams have shown that downstream movement is corre-

·. lated with water flows , and . averages. 13 miles per day .at low flow 

discharge and 23 miles. per cla}' at moderate river discharge.. The migra:.. 

tion time through t~e major. impoundments may be three times longer than 

that for the natural run of the river which may closely approximate the 

difference in water velocity. 

Diel Fluctuation in Downstream Migration 

Downstream movement of fingerlings occurs throughout the day with 

the 'greatest .movement usually occurring during the hours of darkness. 

Artificial light~ng may be a factor in reducing normal hours. of total 

darkness. It has been·. noted that the daylight movement of doWnstream 

migrants is heavier when the water is turbid, ~though this condition 

is usually associated with increased flows. Visual references may be 

a major· factor in timing of fish entering openings leading to channelsi 

traps, etc •. 

Mortality of Downstream Migrants 

See chapters entitled, '"Passage of Fish through Turbines, Spill-

ways and Conduits," "Swimming Speeds of Adult and Juvenile Fish," 

"Fish Diseases -Types, Causes and Remedies," and "Water Quality." 
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Not all the mortality suffered in the river sections can be 

attributed to physical injuries incurred in passing the dams. P:reda-

tion, disease, pollution, residualism, increased water temperature, 

lack of dissolved oxygen, reduced s~am velocity, excess nitrogen, 

and other factors undoubtedly account for varying degrees of loss in 

the downstream migration. 

Avoidance behavior and daily movement particularly contribute to 

delayed downstream migration and resultant mortality. The relation-

ship of dissolved oxygen and temperature characteristics in reservoirs 

also contributes to delay. Often suitable temperatures exist only at 

depths where oxygen concentrations are unsuitable, and vice versa. 

This creates barriers which might not exist if only· one factor were 

involved. 

Residual iSm 

An unknown portion of the apparent loss of downstream migrating 

salmonids at dams may in fact be due to residualism in reservoir areas. 

This is more common with some species, as sockeye, than others. One 

of the chief factors can be·reduced water velocity, resulting in slowed 

downstream movement and subsequent physiological changes. 

Residualism also may increase the extent of predation on juvenile 

downstream migrants. Many. residual fish, both salmon and steelhead, 

attain a size where they subsist largely on small fish. 
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Estuary Rearing Areas. 

Recent research work on juvenile fall chinook sa~on in the 
~ ' 

~olumbia River estuary has shown that the extent of na~al rearin~ 

in the lower river area is a function of size which, in turn, is 

coordinated with the development of the osmo-regulatory process. The 

main stem lower Columbia River nursery area was.found to be.fresh water 

in the Clatskanie-Mayger areao This area is subject to tidal influence. 

Juvenile salmon grow rapidly in this area, and remain until physiological 

changes allow them to ~ig:rate seaward. Natural rearing of fall chinook 

was not found to occur· in the continually brackish water areas. Salmon 

that were reared to an unusually large size in a hatchery.before release 

were found to migrate immediately to the ocean, without any natural 

rearing en route • 

. Estuarial areas are important to pink and· chum salmon fry survival 

as these are their preliminary growth areas. Estuarial areas such as 

the large delt~ area' of the Sacramento River in California have been 

found to be extremely important in the growth pattern of chinook salmon 

and shad. It has also beennoted that the velocity of a river entering 

an estuary or lake has an immediate effect on the dispersal of fry into 

a receiving area. 
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PASSAGE Of FISH !HRCU:iH TURBINES, SPILLWAYS AND CCNDUI!S 

Fish descend from one level in a- river to another by· the follow-

ing routes1 normal stream gradient, falls or rapids in natural 

streams, spillways of various patterns, turbines of various patterns 

and sizes, and.special by-passes. 

Summaries of success of passage through turbines and spillways 

have been published in two compendia. (References Nos .. ·l and 2) 

From the studies summarized, certain facts are ·evident. Pressures · 

(up to 2,000 feet of head) have been experimented w_ith,. showing 

minimal losses of eggs, larvae and juveniles. · instantaneous pressure 

changes to one-half of the acclimatized level may cau.se embolism and 

death. Sudden deceleration or shearing action, beginning atapproxi-

mately 40 fps, maycause inj~ or death. The first evidence of• 

damage to fish· is descaling. 

In normal river gradients, most of.the above~mentioned stresses 

are absent. Where falls or rapids are of sufficient height to create 

velocities approaching 40 fps {25 feet of head), ·potential damage· 

exists. In development projects shock waves that produce negative 

pressures should be avoided; cavitation should be minimized or elim

inated; ventura action should be avoided; rapid changes of direction, 

ereating·possible areas of sudden deceleration or areas of mechanical 

strike~ should be avoided; and large cl~arances should be provided in 

the vanes of the runners of turbines and pumps, and between runners 

and wicket gateso 
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In salmonoid fish, the volume of the swim bladder will follow 

the formula 

PV = C 

where P =pressure (pounds per square inch absolute) 

V = volume of the gases 

C = constant 

It is obvious from this formula that if the pressure is halved, the 

volume will double, at which stress levels swim bladders can rupture 

and cause death. 

It has been noted that when the temperature. of the water exceeds 

50° F., fish handling becomes more difficult, and fish brought rapidly 

from cooler depths to warmer surfaces and stressed suffer higher death 

rates than those that are fully equilibrated to higher temperatures. 

No time factor has been recorded for the equilibration phenomenono 

Flow nets at intakes should be evaluated to determine temperature 

gradients through which fish will pass. (See Exhibit A) 

A measurement of potential cavitation in turbines and pumps is 

shown by the Sigma value, which should be examined for individual 

machines to ascertain whether it is in a range above potential 

cavitation levelso 

Turbines of modern design generally have a fish passage efficiency 

of 85 per cent or higher. 

Francis and Kaplan runners should be considered separately. In 

Francis wheels, wicket gate opening, Sigma and fish length are the im

portant variablest whereas in Kaplans, the square root of the head and 

.1!0 
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Sigma are the most important variables. In both types the center line 

of the runner should be below the minimum tail race level. · All 

machines should be run· at levels of maximum efficiency as succ~ss of 

passage is shown to decrease below this point. In most modern units 
. . 

efficiency curves .may b~ determined from the model turbine test datao 

Salmonoid fish, in becoming depth accustomed, gulp air at the 

surface, bringing their buoyancy to.a level comparable with that of 

the depth they will irihabit. Fish with counter flow systems are able· 

to extract gasses from the water and by this means may adjust to 

depth. Experimental results indicate that salmonoid ·ush with open. 
' . 

' ., 

swim bladders are capable of ~apid: adjustment o{ ·the gas level within 

the swim bladder, if pressu:e ·changes occur in as brief a, time as .10 

second., Fish capaple of gulping air (in~ludin9. nitrogen) under pres

sure-equilibrate and. are subject to embolism if bro:ught suddenly to 

the surface. 

The above is-the reason for. the examination of flow nets, and the 

reason why pressure changes in .. conduit. systems where fish are to be 
. . . ' 

·. ·passed, including hatchery plantings by hose, should be thoroughly 

examined. Differential heights of 16 feet in a ventura -action can 

cause ,embolism. and may account for certain ·losses that are encount-

ered when fish are planted· from hauling tanks. 

Where fish are permitted· free fall, the striking velocity should 

include the initial. velocity of the drop, plus the velocity due to 
. ·. . 
acceleration, less theenergy loss due to drag., 
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ARTIFICIAL .GUIDANCE OF FISH 

Guidance may be defined as a means of· directing fish from one 

location to another, and. incluc:Ies both- natural and artificial means. 

When_artificial gUidance works in concert with the phenomenon of 
. - . ' 

·natural guidance, the-animal res:Po~ds more readily. When offered 

a choice of stimuli causing guidance or movement, .the fish may choose 

a single factor that may be dominant at that pla~e and time. 

'Factors causing natural .guidance ·arerecogni~ed as light (or its

absence), velocity, channel shapes, depth, sound,.odor, temperature 

and perhaps others. These also may be utilized for· _artificial guidance. 

In the field. of artificial gtiidance, the stimuli also include 
. . 

mechanically developed factors such as bubbles·, electric fields, and 

high velocities~ Chemical barriers that produce avoidance reactions .. 

may be used, but generally are not considered practical; however, 

certain chemicals cause complete rejection of an area of a stream or 

strong fright reactions but not. necessarily guidance. Visual refer

ences are associated ~ith illumination of objects. It is assumed that. 
- - - . . 

under natural conditions fish utilize targets as a measure of position 

or movement. In the fields of screening or fixed barrier~,-wire 

screens, both fixed and movable, louvers and rack bars are used. The 

use of these scre~ns may be coupled with target.references or velocity 

references.· In _channel shaping, depth may be used to direct fish into 

d,eeper areas or-to maintain them at their desired levels. As velocity 

can be'abarrier, it'is possible to manipulate spillways or turbine 
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discharges to reject from, attra~t to or hold fish in specific areas. 

·In the use of depth, by setting intakes at +3 atmospheres, the pressure 

or depth factor acts as a screen. Other methods that have been tried 

are visible curtains, such as chains or metal strips. 

It is evident from the above li~ting that more than one phenomenon 

may be present at a screening location. When all factors work together, 

the most effective guidance is obtained. Individual fish or groups of 

fish may respond more readily to one particular stimulus, which-can 

override others, i.e., the fish's instinct to move from areas of sun

light to shade, ¢r their reluctance to move from their selected depth 

or velocity gradient, etco There is no evidence that fish learn with 

one experience: under pond conditions, with repeated applications, 

fish will learn to respond to painful experiences by avoidance and to 

feeding rewards by attraction. 

Light, when used artificially as a guidance stimulus, repels 

fish at higher intensities and attracts them at the lower intensities. 

(See chapter "Downstream Migrants, Movement of.") Under natural con

ditions, fish react negatively to moonlight. This habit is taken 

advantage of in commercial fishing by net placement in dark areas 

of streams •. 

Turbid or discolored water, which diffuses and,absorbs light, 

also affects movement by obscuring targets and other visual references. 

When velocities are used, it must be kept in mind that fish react 

to cha~ges of less than .1 fps or at a level below current meter 
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measureme~t. As swi.n!ming ability .. is ·a ronction . of . length, ambient 

temperature and oxygen level, such factors must be' measured and the .. 

guidance velocities used must be within the_all~wable parame~ers 

shown· in the chapters "Swimming .~peeds .of Adults and Juyeniles'' and . ' ; . . . . . . . 

"Temperature- Effects on·Fish." ·Lighting at projects is-constantly 

being changed . and may. become a var~&ble ·.in passa~e as it may .inadver

tently become a guidance mechanism, -and this ·fei:ctor should be con

sidered in the opel:'ation of fishway facilities,. particularly_ at 

entr~ces and exits. 

Under natural conditions visual references are known to be 

present .in fishing operatipn.s, such as'leads, natural kelp bed~, and 
. ' ' 

symmetrically placed· objects as pilfng. · ·shore lines act as n_atural 

~.ides·· ancf~such guides can. be. used. effectively. ~hen placing; entrances 
' •• ' • - • • c 

· arid exits at f~sh .facility s~ctures. Conversely, when these act as 

negative attraction? t:hey should b~ avoided.. Sudden transitions from.· 

. ·shore . lines ,"t·o deep · peols should. be . _avoided, where ·possible.. . Sloping · · 

surfaces' or ledges may be utilized for the transition. 
. . 

There. is no evidence to.explain.why fish enter. areas of higher 

than d~sirable temperature (and. may .init,ially choose them). as. they 

. pormally w.hi seek the mo·st equitable ·temperatures. Adverse .hig]l 

' temperatUre gradi~nts at surfaces' wi.l,l gener~lly be avoided· by cold 
. ' . . . 

w_ateJ!" specie$, . pro.;,ided that . the. \119r~. e:q~i table temperature areas 

are not .devoid of·oxygen. Surface outlets may be ~:jected as a Part 
of the . total area that: is being, r~j.ected ~ Warm areas may. be sought 



in times of critical low temperature. There is no evidence that an 

immediate change oftemperafure is a direct_guidance stimulus at 

the point of transition. 

It is generally expected that upstream migrants· will seek the 

farthest upstream point. Downstream migrants move to the lowest 

point· possible. As a general rule , this results in guidance and 

indicates a gC>od location for entrances; Blind corn~rs, particularly 

with 90° angles, should be avoided as fish tend to accumulate at 

such points and may jump, with subsequent injury~ . Such areas., 

coupled with upwelling,-are particularly ol:;>jectionable for smooth 

passage. 

Chemicals that cause avoidance are discussed in the .chapter 

"Avoidance.n 

Electric screens have not prov.en to be successful in ·guidance 

but may be used as ·a barrier. Shocked fish are usually swept down-

stream, making electric fields generally ineffective for guidance. 

(See chapters "Temperature - Effects on Fish 'i arid ·"Recovery Gear o ") 

(See Exhibit A for a general arrangement of electrod.es • ) 

Although the literature shows that fish have an immediate·response 

to bubbles (which may be' 'a fright response) , experiments with salmonoid 

fish indicate that bubble screens· are not effective in either stopping 

or guiding o .There is evidence that fish will le_ad, to some degree,. 

along lighted bubbles but this advantage is negated under conditions 
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of darkness or turbidity. The literature discloses that a fright 

reaction may b.e engendered .by sound, hanging chains, light or other 
' . 

·phenomena beyond ambient~ . 

Pressure change is useful as a guidance mechanism. as it has 

been found that fish do -not ~eadily sound, even though ... nstantaneous 

increases are not harmful. Feeding fish in .+akes , however, are known 

to move vertically under darkness conditions but avoid deep areas 

under lighted conditions, indicating that the instinct to. -be guided 

by pressure can be negated by stronger stimuli. 

Fish normally approach facilities in.a limited range of depths 

and, ideally; attractive entrances should be placed at such depths. 

Most adult salmon may be assumed to be between·the surface and 6 feet 

of depth, and practically all are-between the surface and 12 feet of 

depth at dams and falls. This pattern may be varied, of course, by 

temperature, turbidity and oxygen levels. The bulk of the downstream 

migrant salmonoids may be assumed to be within the first- 3 feet of 

depth but it must be recognized that· throughout a seas.on they will be 

dispersed as light, turbidity, and temperature change. 

Velocity may beused as a barrier or to attract fish. Swimming 

speeds, which are relatedto the ability of fish to translate their 

·stored energy· int~ movement, are shown in the chapter ''Swiniming Speeds 

of Adult. and Juvenile Fish." Cruising speeds ~generally are. attractive, 

and the upper limits of darting speeds, a barrier. Sustained speeds 

over a period of time may also become a barrier. Owing to the fish's 
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ability to sense low velocities, transfers across velocity gradients 

should be avoided, if possible, and acceleration and deceleratio~ 

should be gradual throughout the range ·of sustained speed. 

Barrier dams prevent passage by creating upper darting velocities, 

but also provide at~action velocities to the entrance located at the 

farthest upstream point. (See Exhibits I and J.) 

Louver screens work on a guidance velocity principle but present 

operational difficulties in providing a continuing combination of 

ideal conditions~ They are not commonly recommended where complete 

screening is required. Louver screens, as do bar racks; accumulate 

debris,.which may effectively alter the ideal velocity conditions as 

designed. Exhibit A depicts the louver principle. The fish is carried 

along the face of the louver array by the flow •. It generally lies 

pointed upstream but not parallel withthe flow and thus is kept free 

of the louver face. The swimming effort generated must be sufficient 

to keep the fish from entering the velocity through the louver slats, 

but not sufficient to overcome the transport velocityQ 

Wire screens are the most effective method of providing guidance 

or preventing penetration of fish into an intakeo As screens collect 

debris, there must be a washing mechanism. The back wash principle 

is shown on Exhibit B. The dr'UI!l screen operates on a revolving 

principle, with the debris washed free from the downstream side. The 

same principle can be used on the commercially-built travelling water 

screens, although these are normally cleaned by sprays behind the up-. . 

stream· face. 
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Exhibit C shows a fixed screen that is cleaned by a trash rake. 

All screening devices have common problems, including debris. 

They are subject to damage by heavy objects and must be protected by 

guards. They are affected by bed load and so must pass sands and 

gravels. They must be protected against icing, where such conditions 

prevaile They require a head differential sufficient ~0 pass water 

through the mesh. The mesh openings must be small enough to prevent 

passage of the juvenile fish to be diverted. When requirements call 

.for smaller mesh sizes, problems associated with filamentous algae are 

encountered. 

Fish behav-ior must be considered as it varies throughout a season 

and among species. Saimonoid behavior differs under daylight and 

darkness conditionse Fish trapped on the face of screens suffer the 

loss of gill action and may quickly smother. Fish plastered·on a 

screen face cannot readily lift themselves against the velocity~ 

although they may swim laterally. Where lateral·movement is required, 

the screen face must befree of projections~ The variability in face 

alignment should not exceed .~ of the fish's width and should be rounded. 
. . 

. As fish are stopped generally by the measurement·. at the bony part 

of the head, square mesh is more effective than slotted mesh as the 

fish have a greater depth than.width measurement •. The following. gives 
. . . 

a method of computing mesh size but must be used with care as there is 

a great lack of measurement of fish on which to base a universal formula. 
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M = Maximum screen mesh opening in inches 

L = Length of fish in inches 

D = Depth in inches 

L/D = F (Fineness Ratio) 

M = (.04, + (L-2.35).04]F where F is 5 to 6.5. 

M = (.03 + (L-l.86).03]F where F is 6.5 to B. 

M = [.02 + (L-1.6) .02]F where F is 9+. 

As F becomes greater, the body depth approaches the skull depth, which 

is the governing depth for nonpenetration. Number of fish used for 

F values was small and the formulae should be used only as a guide. 

Samples at all sites should be measured.for true values •. 

Because of the problem of fish plastering against all screens, 

head losses should be held to a minimum and are recommended to be not 

over .25 inch or .02 foot. Exhibit D shows the percent of opening 

area in the screen as affecting head loss. It is noted from this 

exhibit that a screen angled at 45° with the current is slightly more 

effective in passing water. Generally speaking, a wire screen will 

lose the head required to produce the velocity through the mesh. From 

the standpoint of fish efficiency, velocity of approach and head loss 

are the governing factors. 

The variability in swimming performance due to size, temperature 

and oxygen is described in the chapter "Swimming Speeds of Adult and 

Juvenile Fish." The size of fish to be stopped must be known in order 

to properly set a minimum velocity of approach. 
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It mus~ be kept in mi~d that ·when their references are ~ost because 

of darkness or turbidity fish are more apt to be swept against the screen 

and killed. This factor must be weighed-in the choice of approach-

velocity. 

Exhibits E, Ft G .and H indicate typical .configurations of screen-

ing installations. Exhibi 1; E (top) is 'the one most commcmly used in water . ' ~ ' . 

screen design, but it is least effective for fish protection-because of 

the lack o:f directional.guidance, pc:;cketing in the corl)ers, poor· escape 

areas and a requirement that the fish swim' back u~stream to escape. 

Exhibit E (bottom) gives a: better arrangement, although there is no 

. guidance and· no escape routes provided'. This arrangement would be most 

effective in ponds or lakes where there ·are no migratory fish present •. · 

Exhibit F (top) shows a smooth faced screen which 1 . a·l tho~gh it provides 

.no guidance, allows .for lateral·movement to by-passes without pocketing 

and does not require upstrec1m swimming. Exhibit F (bottom) and Exhibit H 

are the preferred types of insta~lation. They·use smooth-faced screens 

with directional guidance and without pocketing • 

. These sketches show principles rather than design and can be util-

lized at moving or fixed screen install~tions. As these screens as 

depicted require low velocities, any protective trash racks required 

should be kept' free of the screens, thereby eliminating interference to 

·. the lateral movement. Winter protection can be provided by housing and 

other methods~ such as heating or introduction of warmed water. 
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Because of their location, many screens require by~passes, which. 

accumulate and concentrate fish, inviting predation. By-pass outlets 

should provide for dispersion or introduction into areas that discourage 

predator concentration, such as high velocities or upwelling. Entrances 

into by-passes shoUld provide smooth transition. 

See Chapter 5, table entitled "Biological Information on Some 

Common Species in Continental United States." 
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ARTIFICIAL SPAWNING CHANNELS 

Artificial man-made spawning channels ~ay be used as alternates 

·to hatcheries. They are scattered generally from northern California 
. 

to northern British Columbia, and are currently used for the produc-

tion of chinook, sockeye, pink and chum salmon. There are two general 

types: upwelling and stream. Sockeye, with lake~spawning character-

istics, use the upwelling type. Other species prefer the stream type. 

Exhibits A and B give general cross sections of t.he two types. 

Natural factors, as temperature, oxygen and pollution, affect 

artificial spawning channels. As constructed, they normally permit 

a greater percolation rate and, hence, a higher survival rate of eggs 

to fry. Because of this factor» fry may emerge earlier in artificial 

spawning channels than do their counterparts in natural stream beds. 

As the beds age, silt my close the voids, requiring the cleaning of the 

beds to increase production. If possible, bed load should be 

removed from the spawning channel's flow. 

Spawning activity frequently begins at the edges of the channels or 

near the controls. Eggs may be hand-planted but high density plants 

are not recommended. 

Exhibit C shows a diagram of operation for a specific channel 

used by the Washington State Department of Fisheries. 

Exhibit D shows the McNary Spawning Channel in which the flow 

originates in the upwelling pool shown at the right of the picture. 

-To introduce fish into artificial spawning channels, a barrier 

dam. or some other method of providing a lead may be required. . See 

chapter "Artificial Guidance of Fish" for barrier dam details. 
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Exhibit t gives a possible layout for an artificial spawning 

channel and pertinent structUres that may be required. 

Fish will return to spawning channels if they are properly imprinted. 

Individual channels vary but the following criteria indicate the 

general design limits currently in ~se. 

Widths - 12 to 40 feet. 

Channels are designed to provide fo~: 

counting of adults into. area 

drying for maintenance and fry removal 

screens 'at upper end for predator control 

settling ~sins for silt removal 

Flood flows - use ·s feet per second for bank protection design. 

General lengths of bed segments up to 1,000 feet with a control for 
each segment. 

Gravels: 

spawning bed ~ 80 pe~cent 1/2 inch to 1-l/2 or 2 inches; 
balance up to 4.inches 

under-bed - 2 feet coarse (3 inches plus) gravel 

Hydraulic criteria: 

velocity average = 1.5 feet per second 

depth = 1.5 feet during spawning times 

slope = .0006 

roughness = n = .023 to .025 

percolation rate = ltlOO mm/hr 

.. 
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spawning flows = 2.25 cfs per foot of mean width 

incubation .flows = ~ 1.5 cfs per foot of mean width 

fry removal flows = 3.0+ cfs per foot of mean width 

General: 

time in gravel (egg to fry) approximately 110 days at 50° F. 

125-200 eggs per square foot of-bed 

egg depth in gravel - 3 inches to 12 inches 

females live approximately 10 days after spawning 

su!'Vival rate (egg to fry) 40-60 percent average (up to 95 percent 
reported) 

fry size - close to that of fry hatched in natural streams. 

(See chapte,~---"~p(lwning Criteria" for redd sizes.) 
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PREDATION 

Predation occurs to some extent throughout the life cycle of 

most species of fish, and is a significant factor in their rate of 

survival and abundance. It is considered advantageous to reduce the 

rate of predation on the economically important food and sports fish 

species. 

Predation often occurs among fish of the same species, because of 

size difference. It is beneficial in salmonoid cultural operations 

to size-grade the ponded fingerlings at frequent intervals to prevent 

cannibalism and fin damage and to promote even growth. 

Predation is of particular concern with anadromous species, and 

chiefly with salmon and steelhead trout. There is little or no con

trol over predation -that occurs during their ocean residence, which 

constitutes a considerable portion of their life cycle. Measures are 

increasingly being adopted to reduce the extent of freshwater preda-

tion, particularly -in fingerling stage. Fish that are ready to 

migrate at release from hatcheries show less evidence of predation 

and a higher survival than smaller fingerlings that remain in schools · 

in shallow water after release. 

The greatest source of predation to salmon and trout is other 

species of fish, such as squawfish (Ptychocheilus oregonensis). 

Extensive field studies by the Bureau of Commercial Fisheries have 

shown the range and extent of squawfish depredation and have resulted 

in recommendations for partial control measures by netting, electric 

shocking, and the use of fish toxicants. See chapter on Fish Toxicants. 

__ · ---
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In the Columbia River squawfish seinir19 operations at hatchery 

release points showed large numbers of these fish to be present, and 

squawfish stamach.analyses showed large numbers of salmon and finger* 

lings consumedo 

Squawfish are a menace to young salmonoids, particularly in reser~ 

voirs and slack water areas. It. has been noted that they congregate 

around hatchery discharge drains, where they feed on waste hatchery 

food and refuse. Unless these ·fish can be-easily eradicated, it is 

not advisable to release salmonoid fingerlings at such locationse It 

is preferable to liberate them a sufficient distance from a hatchery 

to avoid predator concentration. It has been observed that when 

several liberations of salmon fingerlings are made at the same loca-

tion at frequent intervals over a number of hours, a concentration of 

these fingerlings occurs in the area before the last release of fish 

has had an opportunity to disperse downstream. This also leads to a 

concentration of squawfish in the same area and extensive predation. 

Suggested basin-wide control tueasure"s for squawfish can include 

their segregation and trapping in the fi~hways. 

Trucking or barging of hatchery-produced salmon fingerlings 

downstream, at least past obstructions, is advantageous in avoiding 

predators, but may interfere to some extent with homing .. 

~ one large segment of fish culture concerned with the produc

tion of wal:"mmlater species, such as largemouth bass, .Predation is 

controlled by removal of the bass fry from the brood ponds to prevent . 

caMibalism. However, in this type of fish culture, a predator-prey 

fl 
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relationship is essential. As soon as the young bass approach the 

size where they can capture .qther fish (within their first year) 

forage fish are introduced into the pond in the proper ratio. In 

fertilized ponds this ratio generally is 700·-1000 bluegill or 

other sunfish fingerlings to 100 largemouth bass fingerlings per 

surface acre. Unfertilized p9nds are stocked at one-half these 

numbers. 

A similar predator~prey relationship is essential to some trout 

fisheriesJ for example, the Kamloops trout production in Lake 

Pend d'Oreille :Is possible only because of their predation on the 

kokanee. 

Turbidity usually is considered detrimental to fish, but it 

offers a measure of protection to salmonoid fingerlings by making 

"them less visible to predators, bOth fish and birds. 

Downstream migrants stunned or injured by stresses are more vul-

nerable to predators, both fish and birds. Fish directed into by

passes by screens or diverting channels also may be subjected to 

unusual predati9n by being concentrated at a point of delivery into 

the main river. Alternating the delivery areas will avoid this type 

of predation. 

Another source of predation on young salmon and trout is fish

eating birds. These include a wide variety of species. Some o·f the 

worst offenders descend in a flock on fish concentrated in shallow 

ponds. This type of predation is not usually a serious problem under 

natural environmental conditions. Mergansers, kingfishers, gulls and 
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blue herons along a stream take some toll of fish, but their diet 

includes rough fish as well as salmonoidso At hatcheries with rear.;. 

ing ponds on the station, or adjacent to other faCiiities, some 

protection against birds can be provided by nets orinterlaced ropes 

placed above the ponds. 

Other predators are aquatic malmnals, such as hair seals, and 

mink, otter and bearso These usually prey on adult fish. 

Predation by sea lampreys has occurred in serious proportions 

in the Great Lakes, requiring extensive efforts to control the popu-

lations by the use of electricity and specific toxins. See Reference 

No. 16 of.chapter, "Fish Toxicantso" 

A method used in controlling predator populations is by changing 

the water· levels at critical times of. spaWning and hatching of the 

predator species involved. In this ma~~er, eggs of predators may be 

exposed and killed by drying. 

As temperature levels are a m~jor factor in survival, fluctuating 

temperatures· may be used to separate species. 

Delays-in normal movement pattern add to predation losses. 

Such delays can occur upstream from hydroelectric plants, at 

trash rack bars, and by disorientation of the fish at the time 

of planting, 

Predators may use sheltered areas of low velocity to 

attack small fish moving in an active ·current. Such areas 

should not be available in collection areas and bypasses. 

Light and shadow paths are utilized by predators ad-

vantageously, 

' 
' 
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· RECOVERY GEAR 

Various types of nets, traps and other gear are used in collecting 

fish for study. Each is adapted to use under specific conditions. 

Fyke Nets 

Fyke nets have been used in Europe for centuries• In the Pacific 

Northwest they have been used for sampling downstream migrants of 

anadromous species. They are not without limitation because of the 

relatively small amount of water that they strain. They may be either 

stationary or used as tow or push nets. (Exhibit B) Stationary fyke 

nets may be provided with wings or a lead, or both. The size of 

opening of both the mouth and mesh varies widely. The mesh size may 

decrease toward the small or cod end of the net. ·Each of the several 

sections of·the net is supported by a frame or_hoop, which also supports 

an inner funnel-shaped throat. A typical pyramidal-shaped fyke net 

might be lO.feet long and 4 feet square at the mouth, with a 1/4 or 3/16 

stretch mesh knotless webb in the fyke sectio~, and 1/2 inch stretch· 

mesh in the wings and .lead. (Exhibit B) 

A common problem with fyke nets is that unless located in clean 

water they may rapidly become plugged and the amount of water strained 

through them may be greatly reduced. Such variability introduces bias 

with numbers of fish collected and their sizes; therefore, they are 

often of doubtful quantitative value in recovering fish unless checked 

at frequent intervals by means of a flow meter at the mouth. Another 

difficulty is that stationary fyke nets fish only limited areas, and 
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therefore their location is of primary importance in obtaining .true 

samples. The movable fyke net, either tow or push, overcomes the 

fixed position objection but is most effectively fished at or near the 

surface, as it is difficult to hold at fixed levels or horizontal 

positions. It is selective for various sizes of free-swimming organ

isms, depending on the towing speed. 

The velocity in which a fyke net is set or towed must be greater 

than the sustained speed of the fish to be captured. Depending on the 

relative size of the mesh opening, the velocity in the throat of the 

net is less than the surrounding velocities. In using these nets, the 

swrmming speed of the animal and its size should be known, and the head 

,loss through the.meshes should be known or calculated to determine the 

approach Velocity to the throat. As mentioned, debris is a problem. 

(See chapter, "Swimming Speeds of Adult and Juvenile Fish.") 

Gill Nets. 

A useful tool in fisheries management is the experimental gill 

net, which will capture a wide variety of species and sizes of fish. 

A .typical experimental gill net ~ay consist of five 25-foot sections 

of nylon mesh, ranging from 1/2 inch square mesh at one end to 1-1/2 

inch square mesh at the other end. It is usually 6 feet deep for sur

face fishing, or at the level where fish are expected to occur, and is 

weighted and anchored at the ~ttom and buoyed at the top so as to hang 

nearly vertical, and laid in a straight line. It is most effective at 

·' 
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night' and particularly on dark' ·moonless nights' when the m_esh is less 

visible or invisible to the fish. 

Beach·Seines 

Another useful fishery management tool is the beach seine. This 

is used extensively in warm water fishery studies in po~ds and lakes, 

as. well as in other sui table areas· that are free from snags , large rocks 

and heavy floating debris, and high velocities. It may be used for 

population sampling and, on a larger scale, for reduction of over• 

populations, and for salvage and transfer of .. fish populations. The 

beach seine is not as harmful to fish as a gill net. It is usually 

of uniform mesh size, with the mesh opening depending on species and 

size of fish for which it is used. It is most useful in shallow wat.er. 

The normal operating procedure is for one end of the net to be 

held on shore and the other_ end to be laid out on an arc anq brought. 

back to shore. The lead line and float-line then are gradually brought 

in together, care being t.aken to ke~p the lead line on the bottom • 

A variation of the beach seine is the bag seine, which is similar 

but with ~he addition of a bag section in the center that aids in 

retaining large numbers of fish. 

Traps and Pound Nets 

Floating trap nets are useful in some situations, as fish salvage 

work or for reducing undesirable fish populations. The pirate trap 

net, developed in the Great Lakes area, may be set quickly, has 
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effective wings, and is useful in quiet or· slow-moving water ·areas. 

(Exhibit A) 

Pound nets usually are staked out with a lead, a pot .and .. a 

spiller, all open atthetop. 

The California type of cylindrical trap net is similar to a large

tyke n.et, and is easily rOlled into po'sition ·and removed~ · 

The ·inclined-plane.~ap is an effective means of. catching and· hold-

ing downstream migrants without exct::ssive ·injury to the fish. 

(Exhibit B) Another version, the fixed inclined-plane trapg dissipates 

. the water· flowing in a downstream .direction, with the live box _at· the 

base. Only. a small portion· of the-water enters the box, the rest 

being passed .through· a screened or:·.l.P.uvere<i surface. 

Plankton Nets 

Plankton nets are somewhat similar in shape to.conical fyke nets, 

but are usually smaller and are without wings or framework, excep~ at 

the mouth. They are without inner· fykes • They are typicali:y made of 

finely woven silk or nylon bolting cloth. The mesh size must be chosen 

with respect' to. the size of the organisms to be captured.;. otherwise ' 

these nets ean·be highly selectiveo 

Some plankton nets, as the Clarke-Bumpus net, may be opened and 

closed at predetermined depths~ ~d the amount of water strained in a· 

given J>eriod may be calculated-by means of.an attached flow meter. 

, I 
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The fine weave of the detachable cod ends of these nets is 

limited only by the specific requirements for reasonable strength and 

durability. 

Weirs 

The use of stream weirs long has been an effective means of 

catching or enumerating anadromous fish. Indians formerly used V

shaped brush and willow weirs in conjunction with basket traps to take 

salmon. 

Weirs may be provided with downstream traps, such as the inclined~ 

plane type, for catching·downstream migrant fingerlings. 

Weirs may be either of temporary or permanent construction. They 

are best adapted to small and medium size streams. By the nature of 

their construction, they should be constantly attended; otherwise, 

excessive injuries result. 

Electric weir devices have been tried, usually with only limited 

success. Generally, these consist of a series of spaced vertical 

electrodes across a stream. (See chapter, "Artificial Guidance of 

Fish.") There is some experimental evidence to indicate that the 

amount of electricity necessary to stop or divert salmon in their 

repeated attempts to pass an electric barrier can cause injury. 

·Photo Aids 

The development of scuba diving and underwater photographic 

equipment in recent years; including infrared film, has made p6ssible 

observations of fish in natural habitat. 

--------------------~------
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Closed circuit te.levision came!'as, under'lolater photography and 

electronic fish counte!'s are in use, but are still undel' developmental 

examination fo!' imp!'ovement and reliability. Light source and its 

intensity and dispersion is a major factor in identifying or recog

nizing individuals. 

Fish Wheel 

Fish wheels have been used commercially fo!' capturing adults, both 

as fixed and movable gear. They have been adapted to today's use fo!' 

capturing adults for experimental purposes. A floating adapta'tion is 

shown on Exhibit A. 

The wheel is activated by the current. The fish are scooped and 

delivered through a chute to a trap or box. ·Their effectiveness has 

been increased by the use of leads and curtains. 

As all such gear, they are subject to damage by debris, and should 

be given at least daily attendance. 

Electric Fish Collectors 

There have been a number of improvements in the application of 

electricity to fish sampling methods in recent years. Battery

powered, back-pack units have been developed for use in streams. 

Larger, more versatile generating units have been developed for use 

in boats, with converters for either alternating O!' direct cur!'ent. 

Electric fi.$h shockers are most effective in hard or alkaline wate!'s 
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that have good conductivity, and are unsatisfactory in soft waters. 

In small streams their efficiency is enhanced by placing a block of 

cattle.salt upstream a short distance from the shocker, thus providing 

an electrolyte. Mo~t fishery field workers now prefer variable-voltage, 

direct-current pulsators. Direct current, which is less damaging, has 

the distinct advantage of directing a fish toward the anode by locking 

it in a curved position. Alternating current, particularly with a 

higher gradient along the fish's body, causes a more violent contraction 

of the large dorsal muscle, which often causes injury or death by 

crushing the spinal column. 

The fish's mobility is impaired at a voltage level of .5 V per 

em or approximately 1.25 V per inch. Equilibrium is lost at 2.5 V 

per inch. Pulse rate is eq"C,lally important and should be above 10 

pulses per second. A higher pulse rate increases the effectiveness 

of the current. 
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TRANSPORTATION - MECHANICAL HAULING OF FISH 

Until ~cently improvements in methods of fish transportatior. 

and distribution have not kept pace with other aspects of fish culture, 

and certain percentage losses in distribution were accepted as 

inevitable. 

Both adult and young fish are transported ·by tank truck. The 

figure generally used is one pound of fish per gallon of water; for 

short hauls this weight allowance may be increased by as much as 

30 per cent. 

When large adult fish ( 30 to ~0 pounds) are hauled, the poundage 

should be reduced by 50 per cento This factor apparently is a part 

of the space room requirement for larger sized fish • 
. :-·: -~ ..... 

As temperatUre arfect-s metabolic rates, the poundage should be 

decreased at temperatures above 50° F. The capacity of a tank truck 

is reduced at high altitudeso 

Exhibit A shows a loading table used by the Oregon Game Commission, 

indicating the effect of the more active metabolic rates of the young 

.fish and their distribution within a tank. 
\ 

'--
The current practice in hauling young is to starve them for 

two or three days to reduce the oxygen demand. (As adult salmon and 

trout migrating upstream do not feed, oxygen demand for food consump

tion need not be considered.) It is commonly known that as fish 

activity rises the oxygen demand may increase more than threefold. 

This accounts for the immediate oxygen sag that.occurs in tank trucks. 

·-----------~ --------- ',' ; 
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As the available oxygen drops to 5 ppm or less, the activi~y level 

of the fish drops and the oxygen level in the tank truck may rebuild. 

Exhibit B shows results of studies on tank trucks made by the Oregon 

Game Commission~ 

As fish activity reduces in cooler water, present-day practice 

is to reduce tank temperatures to the mid 40's. There is a differ= 

ence_of opinion as to the use of anaesthetics in reducing fish 

ac~ivity for the purpose of increasing load. (See chapter on 

11Anaesthetics" for those in use. ) 

Tank trucks used for haulinP: young fish may be open or closed, 

wherea_s those for hauling adults must be closed systems. Adults 

usually are placed in the tank-trucks from hoppers that fit into a 

hatch opening. Prior to the introduction of adults into a tank 

truck, it is filled with water; the hopper load of water and fish 

is then lowered into the tank by valving the hopper volume. The 

fish usually are discharged through quick-acting valves or gates. 

- Such trucks also may be used for handling small fish and therefore 

are equipped for hose connections to permit the discharge of the 

small fish. 

As the amounts of dissolved carbon dioxide and ammonia builds 

up in the water supply because of metabolic processes, _vents must 

be provided in closed tanks·. Aeration of water is provided by 

venturi action. One .such arrangement is shown on Exhibit C. The 

n~~ers or pounds of small fish introduced into the ~ank may be 

-. 
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arrived at by a displacement measurement. One such method is shown 

on Exhibit D. Studies of postplanting mortalities of yearling rain-

bow trout from four Oregon-Game Commission hatcheries compared the 

effectiveness of the venturi and overhead spray types of aeration 

equipment. The venturi aeration was judged superior. 

Present-day trucks are equipped with mechanical refri~eration. · 

Most tanks are insulated and the exteriors coated with aluminum 

paint to reduce heat buildup. A tank truck of modern design is 

shown.on Exhibit E. 

Closed tanks are kept full to prevent the sloshing of the water. 

Open tanks are equipped with baffles to prevent the spillage of 

water by ~udden directional -chanees. 

All areas in contact with the water must be free of toxic. com-

pounds. See chapter ''Toxicities of Elements and Compounds." 

The pumping capacity usually permits complete recirculation 

of water in the tanks ev.ery five to seven minutes. If ice is used 

directly as a chiller, it should. be free of any chlorine residue. 

Shad may be hauled in tank trucks, but special care must be 
I ·-.::!11' 

taken in the desir,n of the tanks to eliminate a.ll corners. 

.~. The purchase cost of a present-day tank truck (complete) ·is 

il between $35,000 and $40,000. The cost of operatine such equipment, 

based on 18,000 to 20,000 miles of travel annually, is approximately 

$1.00 per mile. This factor will vary, depending on the initial 

:I 
cost of the tank truck, write-off period and man-hours. 
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Capacities vary be~een l,OOO and 2,000 gallons. 

Pure oxygen may be· carried as an emergency fea·ture. 

Wat~r tempering commonly was practiced at the place of libera

tion to gradually bring the temperature to that of the receiving 

water, although some experiments have shown that the value of 

tempering for differences of less than 10 degrees r. has been 

exaggerated. 

Aeration will remove carbon dioxide to some extent; however, 

other toxic metabolic pl"'ducts, as anunonia, urea and uric acid, 

are almost impossible to remove by aeration. As the anunonia con-

centration increases to l ppm, the oxygen concentration in the 

blood.decreases to about on~-seventh normal, and the carbon dioxide 

content increases about 15 per cent, with resulting suffocation. 

Therefore, in fish distribution units it is most practical to pre-

vent, if possible, the production of toxic metabolic products 

rather than attempting to remove them. On long hauls, complete 

changes of water load may be necessary. 

The buildup of carbon dioxide is often considered another 

limiting factor in fish transportation. When carbon dioxide remains 

below lSppm, with satisfactory dissolved oxygen and suitable water 

temperature, it has little effect. When the carbon dioxide level 

reaches 25 ppm, the fish often show signs of distress. The extent 

of pH drop in a fish holding unit gives a good indication of the 

increase in carbon dioxide. 
. 
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In a few locations, where mountainous terrain makes it advan

tagepus, aerial planting of trout is accomplished by use .of a small 
.. 

water-filled tank. Electrically 9-riven. pumps often are used for 

water circulation, since safety precludes the .use of small internal 

combustion engine driven pumps in a closed ai~craft. ·Oxygen usually 

is introduced into -the fish ~ank under pressure regulators and. 

diffused through carborundum stones or carbon rods. The Montana 

Department ofFish and Game has used a removable .94-gallon cap.acity 
·, . 

· cylindrical tank installed in the floor camera port in a small Cessna 

airplane •. A normal load for a short flying time is 200 pounds of 

trout in 55 gallons of water at ·-temperatures of 'tO to SO degrees F. 

An electric air pump is.used at intervals, together with oxygen 

metered through four carbon rods. 'l'he tank is emptied in . about 

three seconds through a 10-inch dump valve· at altitudes of 200· :to. 

300 feet and airspeeds of about SO miles per hour. Cost of distri

bution of 2.00 Pounds of fish was approximately. $25.'00, compared 

with $33.00 for truck transportation •. Aerial distribution is much 

faster·, and is accomplished without significant mortality. Similar 

. aerial distribution procedures are used by other fishery agencies 

where_expeditious. · 

Loading of the ~anks may be accomplished directly f~m-the 

pon<:i by means of special type pumps which do not injure fish. 

See chapter "Fish Pumps." 
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Smaller, . portable 15_0 to 200 gallon capacity tanks are adapted 

for use on pickup-type ·trucks. These tanks usually~ equippe~·w.ith 

venturi air intakes and overhead spray wate~. ~irculation ,•· driven by 

one or two small gasoline engine powered pumps~ Regulated oxygen 
.·· ' . 

injection also often is used, particularly with small fingerlings . 
. ' \ . . . ' 

'A' pressure filte~ may be inserted in the ~ater circulation' system. 

Such filters are 'effective in removing solid wa~te. materials, fish 

sca~es, and o~her particulate matter which may clog s-pray nozzles • 
. ,·_ ·,. 

The.· California Department of Fish and Game has developed· an . improved 

·. design for a small (150-gallon) tank·~ This is reported to safely 

carry SOb pOunds of catchable size trout on short hauls by the rapid 
' ' . 

circulation of water without excessive turbulence. ·A Ls·-l.nc;:h , 

centrifugal' pump ~cmpletely circulates the water every l. 5 minutes·. 

· Water· is drawn from four evenly~·spaced points on ·the bottom of the 
. . . . ' '·. ~ 

tank, circulated through an·· aspirator, and discharged through hori-

zontal .Spt'ay nozzles .at four pc>Unds pressure. 

-An eeonomical method of tank aeration used by the Wash;ngton 

. Department of Gam.e is by ·use of an air co~pressor operated by . a 

on~-haif horsepower dl;ect current motor. Air is forced thrOugl) a_. 

.number of flat carbotundum stones arranged longitudinally and flush 
. . ·. . . 

. ·. ' 

Water circula:tion is·provid~d by tWo ·with the- bottom of the tank~ 

gas engine di-iven.pumps having a capacity of 200. to 2SO·gpm and 

utilizing an overhead spray system. 
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Another method of fish transporation, which has been used 

mainly for anad.romous fish and particularly downstream salmon , 

migrants, is barging. Fish.are placed in live wells in a barge 

constructed for continuous flow of water. 
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1000 GAL FISH LIBERATION TRUCK 
LOADING TABLE 

' 
· MAXLlofiJM WATER TEMPERATURE 2 45° 

Size.in No •.. · pe,r Hauling time hours -:-1 

.. inches Eound 1/2 1 1 1/2 2 3 4 .5 7 
·.Lb. of Fish 

Unfed 
fry* 4,000 iBd . 160. 120 100 90 70 60 45. 

Adv. 2,000 200 190 180 150 135 100 80 80 
fry:*· 

1 1/2 750 330 300 275 250 200 175 150. 100 

2 · 3oo· 500 475 425. 370 350 335 275 250 
' 

2 1/2 150 650 550 500 475 450 425 400 400 

. 3. 90 700 600 550 525 500 475 425 425 

4 40 850 750 650 600 550 525 500 475 

. 4 1/2 . 30 900 800 700 650 600 550 500 460 
·.-· 

_-=:::-··"· ... ,.'0 
5 ·2o 1,000 950 800 700 625 575 525 475 

5 l/2 15 1,050 975 850 750 650 600 575 500 

6 10 1,100 1,025 900 800 750 700 675. 600 

8 5 1,200 1,ioo 1,000 875 850 825 800 750 

14 1 1;300 1,150 1,000 950 900 850 800 775 

*Fry loads over 1 1/2 hour hauls may be increased by 30 per cent if 20 
fry baskets are t,1sed. 

I Hauling time is from the time loading of fish is started until completly 
unloaded.· 

·---·- I In hauling eastern brook or salmon; reduce load of fry by 20 per cent, 1 1/2 
to 3" fish by 15 per cent, and 3".fish and over by 10 per cent. 

From or,gon State Game Commission table. 
,.;;; 
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FIRST: --FlU ta"k to 2·3 inc.hes ovilr 
'top ofsause 'o..-;.Fice, start pi.lmp, open 
v~tve i:o ga~ge. Ma.snet.S maeh _ 
sauae ~ side of t.ank. 

Read Olb. 

Figul"e 1 . 
. '"i-t..i a 1 Snting 

SECOt-JD: Simufta~eou~\y .set scale -to r-e'C!I.d 0 lb. (Fi!,~ I) on~he boTtortl 
tri' the rne.nit.eu_s. ~n~ plum~,... bob io ~uired'dat on, g~ge _body. ,~ ble.c.k 
do-f' -for" + holer ('-.... " 1.0) and. reel dot fO'" 3 haler- (8 -o t.O.). tank. , . 

Read 1340 lb. 

Fl11.4.-e 2. · 
Readin~ S<:J le 

-~ 
. . . . . . 

· THlRD: Read lb~.-(dw-y) ti!ln loaded diveeHy off .Se1lle·a~ shown ir1 Fi~ 2. 
'J/i~h prac.+ic.e, the saale may b~ iirlerpotated -tO' 5Jb·_ t-e~din'&S. 

OREGON S"TA."T!! GAME COMM!S.SlON 
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CULVERTS 

Culverts are'used to pass water under roads and dykes, and 

through general land areas. The water may come from small drainage 

areas with only intermittent flows, but in many cases it comes 

from drainage areas sufficiently large to support continuous runoff. 

In this case passage of salmon or trout_is generally required. 

Normally, culvert design is not compatible with fish passage, 

because of the generally increased flow in a culvert compared with a 

stream of equivalent area or hydraulic radius (R). 

R = area in square feet 
wetted surface in feet 

The increased flow is caused by the diminished roughness coefficients 
oy·- -

in culvert's compared with reugnri.Efss coefficients in normal streams. 

Streams are assumed to have roughness coefficients of .022 to .oso~ 

giving a Chezy (C) number of 68 to 37, when R = l. 
Average velocities with a slope of .005 approximate ,4.8 to 2.6 

feet per second, which are favorable for transportation of fish. 

Culverts with smooth surfaces have a roughness coefficient of 

.010, giving a Chezy number of 149, when R = 1. 

Thus, for the same cross section, two to four times the flow 

will be passed through the culvert as through an equal section of 

stream. with equal slope(S). 

Q = c!RS where S 
drop in feet 

= length in feet 
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In the design of culverts, the stream profile that exists 

should be used as a basis for the culvert size and setting, and in 

determining the general roughness coefficient of the structure. 

The water level control below the culvert should be provided 

by the natural stream control. If the pressure head and velocity 

head in the culvert are greater at the discharge end than the stream 

supported naturally, a resulting sudden expansion occurs with digging 

and the creation of a pool. Under the new conditions the level of 

the stream, unless heavily paved by rock weighing qO pounds or more, 

will respond to the new energy level with a drop, usually presenting 

new passage problems. Culverts should be built to near zero gradient 

and with a bed roughness equal to the natural stream bed roughness, 

the high water control depending upon the natural stream levels below. 

Repairs to existing culverts may require both a passageway to 

the culvert floor and increased floor roughness to simulate stream 

conditions. (Reference No. 4.) Minimum swimming depths (12 inches) 

should be allowed at minimum flow passage levelso 

Darkness in a culvert is not a block to fish movement. 
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CHANNEL CHANGES 

Most changes are made for ·the purpose o·f increasing the water 

discharge.capacity of streani'beds. The twoprincipal methods used 

are the elimination of bends to increase gradient, or the widening 

or deepening of a stream·section to reduce frictional components. 

In many cases, because of the incre·ased vedoci ties created· by these 

methods, bank revetment is required to prevent· bends from,reforming. 

It may be assumed that channel changes occur at bank-full or 
.. 

the average discharge level. This is shown in reference No. 3. 

Only flows less than bank full are suitable for salmonoid production. 

Ephemeral wetting of bed areas is not productive of food organisms 

or spawning conditions. 

The primary concern in channel changes is the loss of spawning 
. . 

and rearing areas. See chapter "Spawning Criteria." The first 

year's loss· by a completely disturbed channel may be.BO pounds of 

salmonoid migrants per acre changed. 

The simplest measurement of chan~?;es is by the application of 

Chezy's formula: 

where v = c §8 

R = A ('wetted area in square feet) 
P (wetted section of the r~ver) 

S = slope 

Data from a number of cross sections taken in State of Washinp;ton. 

streams.indicate that the roughness coefficient averaged over a section 

i 

I 

.I 
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approaches .os, giving a Chezy value of 30 or less in the stream 

bed areas most productive for spawning conditions and food genera-

tion. At low flows the wetted perimeter {P) approaches the width 

of the stream. As stream bed pavement consists of various grades 

of rock {up to six inches in diameter), an assumption can be made 

that the wetted perimeter is 1.2 times the stream width unless 

paved with large boulders. With the same slope and using this 

assumption, the average velocity is reduced by approximately 15 per 

cent wh'en the wetted perimeter vari~s between • 8 and l. 

A natural fish-productive stream bed generally consists of a 

series of pools and riffles •. A reach of a river one mile long 

with approximately the .. same hydraulic radius throughout, containing 

both pool and.riffles, can have three times the average velocities 

in the chute sections, .depending on the number of pools in the 

reach {from two to ten per mile). In the latter case, the chute 

section would contain velocities in excess of those accepted for 

salmonoid spawning. Under these conditions, it would be expected 

that spawning would be limited primarily to the upper parts of the 

chutes leading out of the pools •. The effect of pools is to stabilize 

a reach as the full velocity head is lost in a pool area at flows 

.less than bank full. In reach-controlled sections, the energy is 

diss.ipated reasonably uniformly throughout the length of the reach. 
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It may be assumed that the most productive parts of the river 

for salmonoid production have drops frcm 10 to 60 feet per mile. 

At bank-full flows and above the bed roughness has minimal 

effect and at high flows the pools may be completely drowned out, 

requiring reach control. 

Under natural conditions bank and bed pavements are of the 

size that resist movement. For example, one-inch gravel is stable 

in velocities up to two feet per second, two-inch gravel in veloci-

ties up to approximately three feet per second, and four-inch gravel 

in velocities up to approximately four feet per second. 

As R increases, the stream roughness coefficient under bank-full 

flows and above will change from oOS to a025 or less, which gives a 

Chezy number varying up to 90. The average velocities will therefore 

increase two to three times those occurring with conditions of pro-

ductive flows. 

As spawning and food production criteria call for velocities 

up to two feet per second, it is evident that such areas are stable 

under productive flow levels. If bends are eliminated, the increased 

slope must be compensated for by heavier bed pavement, commensurate 

with the new veloc_ities. This will result in the decreased spawning 

capability of the stream. Larger materials result in .increased 

wetted perimeters and frictional components under less than bank-

full flow conditions. 



Rock hurdles or dykes may be provided, which form steep chutes 

and pools, thus dissipating the energy by lessening the velocity 

head in a pool. This type of configuration normally results in the 

heavier rock hurdles being displaced and random type configurations 

formed. The subsequent filling above the hurdles ultimately will 

provide spawning and food producing areas. Unless carefully engi-

neered, such channel changes may remain unstable, requiring ten or 

mare flood flows to produce a relatively stable channel. Normal 

. deepening and widening usually results in removal of coarser pave-

ment, with less head loss at all flows, thus disturbing the spawnin~ 

arid food production capabilities of the ·stream. A suggested method 

for compensation would be the artificial development of riffles and 

pools, as normal reach control stability cannot be satisfied, resulting 

in digging and 'filling at flood stages in a random manner. The return 

of heavy materials up to six inches is recommended in all chute sections. 

The stability of the bed may be computed from a number of formulae 

available, related to particle size, depth of flows and velocities at 

stream bed levels. 
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Chapter 33 LOCKS AND· MECHANICAL · H&'lDLING 

There are two general tyi>es of·fish.locks: the surface.type (open· 

to.the atmosphere as a ship lock) and the pressure type,. which has a closed 

connection between the river and the upper pool •.. Both require the attraction· 

. of fish into the lock by the addition of. wat'er t~ the lqck chamber, the. 

holding of fish throughout the cycle, and a current.pattern that attracts 

the. fish away from the lock. 

The 9peration of an open fish lock is similar to. that of a navigation 
. . 

lock~ . Beginning with the fishing period, a part of the attraction water is 

discharged from the lock chamber. At the cessation of the fishing cycle, 
. . . . . 

a part or all of the fish in the holding area are moved into the chamber and 

the lower lock entrance is closed. Filling begins w.i th the., transfer. of the 

attraction water to the entrance bay, 'so that there is only minor variation: 

in the attraction outflow. As the filling of the lock is completed, the 
,· . 

upper gate opens and the water is brought into the ~ock by c~acking the 

discharge valve. Once the fish have left the. lock (and a brail maype needed· 

to accomplish this), 'the.upper gate is closed, the lock is drained to 

operating level, and the cycle is reestablished. · 

Round· locks are preferable to rectangular locks, a~ fish tend_to jump 

at corners. Fish are normally held within the lock by means of a finger 

or V trap, both of which require mechanical adjustment because of changing 

tail water. Maximum velocities over finger traps_are 8 feet per s~cond~ 

and a minimum of 4 feet per second is recommended through V traps~ 

:E:xperience.has shown that there is some retention of f"ish in both. 

·surface and pressure-type lock ch.i:unbers, u_nless the fish ~e mechanically 

swept fr.cim the chamber. Pressure aloneis not always sufficient to lead 
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fish from a pressure lock or to cause them to rise to the surface of an 

open lock. Without a mechanical sweep, the locking cycle time is materi-

ally increased. For the purpose of rapid attraction into the lock, the 

fish, as they approach the lock chamber, must be held at or near the 

entrance. 

Figure C shows an idealized lock system that uses an entrance bay 

with a V-trap entrance to hold the fish and a movable sweep~ or crowder, 

to move them into the lock chamber. This is a gravity (or open) lock 

.and it can be automated, although such automation has not been proven to 

be trouble~free. · This system offers a great advantage in that it can move 

small fish, or fish with weak motivation or weak swimming characteristics. 

The most effective method of introduing attraction water to a lock is 

through a bottom diffusing area, reducing the jumping of fish to a minimum. 

Unless a crowder is provided~ locks· appear to be more successful when 

used with ·a short. fishway system .that allows the fish to become accustomed 

to the new environment and they appear to enter a lock more readily with this 

provision. Such a fishway should operate at least between minimum and normal 

tailwater levels. A fishway complicates the mechanical balance of water 

surfaces but lessens the disadvantages to the fish by a delayed entrance. 

Some species refuse to surface or jump and must be accommodated by 

underwater ports. Conversely~ cer.tain species prefer surface passage. 

The use of light for attracting fish from locks has been investigated 

but has not beeri proved to be of great aid in decreasing passage time. 

Locks, as now installed, have between 300 and 400 square feet of sur

face area. This is a space room provision. In principle, locks can be 

operated successfully but, in actual operation, they have not been shown 

to have any advantages over conventional fish passage systems for many 

species.· 
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Fish may be.- lifted . in a bucket and transported by mechanical means . 

to a position.in the forebay above a dam or discharged into a hauling 

tank for delivery at any distance above the operation. The design of 

buckets shouldfo1low the design·of holding tanks as to supplies of 

oxygen and space room.- It has been found that fish respond to a bucket's 

vertical movement by ceasing their general movement b_ut that, if. they are 

i kept in captivity, they:will again begin jumping. To. discourage this, 

covers over tanks are provided. 

Fish may be delivered by chutes at the unloading position, ,but the 

preferred method of discharge .. from the lifting bucket to . a hauling . tank 

1-l 

is by the principle of lowering and locking, thus delivering the fish from 

a full bucket into a full tank and valving ou~ the water volume of· the ! 

delivery tank and~ thereby, lowering the fish into the hauling tank without 

shocking them. · In lowering into the forebay the bucket ~~:-discharged belo.w.c 

the water surface. 

In the design of lifts, none has been fully automated and they generally 

require 7-day operation and 19-hour days, thereby introducing.mechanical and 

. human problems.. The attraction of' possibly reduced capital costs of lifts 

must-be measured against increased operational costs. 

Generally, in ·the design of a lock it should be assumed that 80 per cent 

of the fish will .position themselves between· depths-of 3 and 6 feet_and 
. -

that a minL~um of 20 cubic feet shouid be supplied for each large adult fish 

(10 poundsplus) he.ld if the holding period is from 30 minutes to 1 hour, 

and 30cubic feet if the holding period is 8 hours or more. 

'·' . . .. ' ~. 

. -~ .. _ 
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. Figure D. shows an idealized fish lift with a V trap entrance to hold 

the fish and a movable sweep, or crowder, to move them into the bucket. 

Hauling tanks, which must be supplied with oxygen, can generally 

accommodate 1 pound of adult for each gallon of water. If the fish aver-

age over 20 pounds in weight, the amount of fish should be reduced by 

· one-half. When hauling salmon, if the water temperature is above 60° L 

the volume of fish carried must be reduced by approximately-10 per cent 

- for each degree of increased temperature. Other species have different 

temperatur~ requirements. 

Experience with lifts or locks, where fish are not immediately intro-

duced into the bucket or chamber and are subjected to a number :r-ecycling 

operations, has shown that fish may be discouraged and may remain in the 

collection system or approach area. 
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Chapter 34 FISHWAY STRUCTURES AT DAl~S AND .NATURAL OBSTRUCTIONS 

Fishways, fish passes and fish 'ladders are all terms used to describe 

m~thods of passing fish upstream at dams and natural obstructions. With 

some types of configurations; limited· fish passage may be possible when 

the head is less than 8 feet; however, fishways are recommended when 

there are head differences as low as 2 feet, as block~ may be formed.':,by 

insufficient water depth for swimniing.· (See chapter, "Swimming Speeds of 

Adult and Juvenile Fisho 11 · 

The size of the structures, their location and the flows through them, 

whether at natural or man-made obstructions, should be based on the same 

criteriao As site conditions vary, special consideration in design is 

almost always required. 

Of many fishway patterns, the two most common1y used are the pool and 

weir type and the vertical slot type. 

The pool and weir fishway is the oldest of the designs and is generally 

used at man-made structures where the head pool levels· can be closl,:!4,y regu

lated. · Its operation is deficient mainly in its lack of capability to 

operate under ·fluctuating operational pool leveis, unless a special regulating 

section is provided at the upper, or 'discharge, end of thefishway system. 

, (Exhibit H~A shows a pool and weir fishway.) 

The vertical slot fishway is in common use on the Pacific Coast. It 

repeats a constant flow pattern at all operating depths and. is best adapted 

to conditions where head pool regulation is not possible. Its design is 

less simple than the pool and weir fishway, .but its advantage is that it is 

selfaregulating. (Exhibit H-B ~bows a vertical slot fishway.) . 
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The Denil fishway and its variations~ such as the Alaska steep pass 

fishway, have been found to have selected application as they must be 

carefully engineered for' width and depth relationships to provide the_ 

low velocity required in their design. They must be kept completely 

free from debris, as this can alter the flow characteristics of the 

baffles. The relationship of the baffle to the open area is critical 

and these systems require more supervision than do the other two systems 

described. The customary slope in a Denil fishway is one to six, and an 

individual run is approximately 30 feet long, Resting pools between runs 

are required. (Exhibit H-C shows a Denil fishway.) 

To aid the designer, a check list of pertinent fishway data follows. 

Fishway Design Data 
... ., .. "." .. ,. .... ,. -· """ 

Pool sizes and _shape.~.,- "· 

Maximum flows in fishways 
(energy must be dissipated 
in each pool). 

Resting areas. · 

Orifices (number and size). 

Discharge volume through a 
vertical slot or per square 

."foot of .orifice. 

Drop between pools. 

See Exn'.tbJ ~l:$ T, G, and H~A, -"'". :
H-B, andH.;:,C. 

Based on energy dissipation 
of 4 foot pounds per second 
per cubic foot of water in 
pool, or a maximum velocity 
of 4 fps in Denil type. 

Assumed to be velocities of 
l fps or less in pools, or 
0,1 of normal swimming speed. 
Denil requires special resting 
pools. 

One to two per pool may be used. 

See Exhibit I. 

12 inches, but should be tailored 
to requirements of species to be 
passed, or sloped for Denil type. 

I 

' L. .. J 

- I ' ' 

1-

I 



,il, 

' ' 

.: l 

Average maximum velocities 
over weirs or through orifices~ 

Entrance velocitieso 

Water depth as a weir measur~-
ment over a .pool weir.. · 

. ' '···· ' 

Transportation or Q.irectiQnal ·. · 
flow velocities in, .flat· areas ' 
·or drowned-out areas of fish~·. 
·ways. 

Exit locations. 

· Travel titne ·.through fispway. 

Sp~ce for. 'fish in pooL 

Space in· trapping _or .1':io.l:~ing. 
area. 

Peaking of salmonoid fish 
dUring passage. 

· .Entrance eddies .• 

AuXiliary water introduction 
int9 fishway for ~trance· 
.attraction or transportation 
. velocities •. 

.Grated openings. · 

Co\mting stations. 

3 

8 fps maximum, ·or.based on 
. drop . per pool. · Maximum of· 

4 fps in Deni.l. 

4 to afps •. , 

6 inches minimum and 12 inches· 
·. maximum. 

.. 

l to 2. fps. 

•, . 
. See Exhil:>its A; B, C, ·o, M, P, 

and AA •. · 

.·. Assume 2. 5 to 4 minutes per · 
pool, ·or 15. seconds. in a Denil 

. swim section. • Den.il. should 
provide.equivalent time.in 
resting pools.··· 

:~2 cubic foot per' pound of fish. 

1.5 cubic foot per 5 pounds of 
fish. 

Assume 60% from daylight to 
l PM and 40% .. from l. PM to dark

, ness~·· . Night passage. may equal 
.3 to 5% of day's total. 

· Recommended that cross velocity 
not ·exceed 2 fps at zero fish
way discharge. Les;; if small 
f. ish are: to be passed. 

· Velocities over diffusion area-
.25 to 1.0 fps. · 

Usually l/4 inch less than 
minimum fish head width of 
species to be'passed;·with so% 
of area assumed to pass .flow. 

Described in text~ · 



Control section to match fore
bay regulations for pool type 
fishway. 

Collection system. 

Temporary fishways during 
construction~ 

Source of auxiliary ·water 
supply. 

· Fish locks and lifts. 

Described in text. 

Described in text. 

Described in text. 

·Gravity (with energy dis
sipaters), pumps or special 
'tui'bines. 

See Exhibits S and T and 
description in text. 

·- I 
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If shad are involved, surface and.wall side passageway must be 

_ provided.. This sp·ecies generally rejects orifice openings at depths 

as low as six feet; .·and may .be.come trapped. in square corners. 

Sturgeon have not been passed :successfully in.pool type fishways, 

but lock passage is possible. 

Light and shadow patterns may determine.the movement of various 

species in a fishway system regardless of the velocity pattern. 

Fish accumulate when pool hydrauiic patterns are altered. .: If 

the design includes turn pools,'fishwili accumulate at'that point. 

In entrance baj"S and transportation channels~ any break.in.flow con

tinuity must be avoided~ 

Square corners, particularly in turn pools, should be avoided 

as fish jump. at the upwellings so created. 

At sites where bed load will be encountered, either the orifice 

or vertical slot baffle fishway is recommended. 

Trash racks may be required. If so, the clear opening must be 

adapted to the width .of·the largest fish to be passed .(usually 12 

inches for· large salmon). - There' is no evidence to indicate that 

' fish refuse to pass through' trash racks at normal trash rack velocities. ' 

(two feet per second or less). 

) 
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Fish jumping usually is avoided by the provision of adequate swim-

ming depths, orifices or slots. Jumping still may occur as the phenom~ 

enon is not fully understood, although it is.known to be triggered by 

shadow patterns or upwelling. See Exhibits BB and CC. · Protective fenc

ing may be required to prevent the fish from leaving the fishway. In 

narrow fishways a screened arch may be_provided. Darkened fishways do 

not prevent movement of fish and tunnel fishways may.be used •. These 

should not be pressure conduits and head room should be provided. 

Hydraulic inst~ility occurs.between the upper range of plunging 

.flow and the lower range of shooting flow. Typical weir crests are shown 

on Exhibit J, with the shaped weir crest the most stable. Bottom orifices 

are a stabilizing influence and must be of a size capable of passing fish. 

The Ice Harbor weir (see Exhibit G) was developed to provide pool stabil~ 

ity in weir·type fishways. Exhibit Y shows hydraulicinstability forming. 

Fixed weir and orifice type fishways have limited capabilities for 

adjusting to pool elevation changes and can be either starved or drowned. 

There are a number of special pool regulating sections in use, such as 

orifice controls or those that depend on the addition or subtraction of 

pools by the use of telescopic or tilting weirs or stop logs. ·A regulat

ing section has been developed to accommodate rapid pool changes. Hydrau-

lically satisfactory designs for automatic control systems with vertical 

slot nonoverflow walls, bleed-off and add-in diffusers, auxiliary water 

supply, and movable-board underwater counting station and for revised 
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overflow weirs downstream have been de,veloped by models. See Exhibit . 

FF. This section was prototype model tested and field-constructed and 

··operated. It was designed specifically for the passag.e of shad, ~ut 

also demonstrates excellent performance for salmon passage •. 

A special control. weir is needed if fisP,. are to be trapped or held • . ' . . 

This can be a V-trap arrangement, a finger,trap, or a jump-over ~eir. 

A V-trap works, as does a tunnel in a fyke net. A finger trap is shown 

on Exhibit J, ~nd one design for.a jump-over weir is shown on Exhibit K. 

The finger trap and jump-over weir bo-th require close ·water regulation. 

The jump-over weir is particularly useful.where fish are to be sorted or 

delivered into an anaesthetizing tank where dilution_must be held to.a 

·minimum. When using finger traps, an escape :area must be provided at 
-:;, 

'l>~th ends to prevent flsh from being held against'.,;tn:e-fingers- and kille_d. 

The movement of the fish throughout the day is.not uniform ·and it 

may be expected that between daylight and 1 p.m. as m.uch as 60 per cent 

of the day's run may pass, and betwe_en 1 p.m. and darkness, 4_0 per cent. 

Twenty per cent of a day's run has _appeared in a single .hour. Night 

counts indicate low passage (3 to 5 per cent) and the early daylight 

hours show good passage. 

Large fish (above 20 pounds) may hesitate to use shallow over-flow 

entrances • 

.Fishway capacity normally is not a design problem, as the hydraulic 

criteria usually control design. ·(See list of pertinent fishway data.) 

) 

I . 
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Adult fish approaching the base of a dam or obstruction are 

usually within the top 12 feet,with the most between the two and 

six fqot depth levels. Fishway entrances should be positioned to 

take advantage of this distribution. Horizontal or vertical orifices 

or weirs should be adjustable to tail water changes. Methods of 

regulation include mechanically adjusted gates or buoyant gates. 

Orifices with darkened backgrounds are not entered by the fish 

as ·readily as those with the backgrounds lighted (either naturally 
. . 

. or artificially). The light source may be by penetration through 

the water from either downstream or above the orifice with the latter, 

under the natural conditions of daylight, producing better and longer 

entrance attraction. 

Exhibits A, B, C and D indicate the pattern of spillway operations 

to maintain effective conditions at a fishway entrance. In Exhibit A 

all of the spillway gates are in operation, giving a crowning effect 

in the center of the river, and using a high velocity to guide the 

fish to the fishway entrances. As the flows in the river diminish 

and fewer open spillway gates are required, the center gates are 

closed first. This is shown on. Exhibit B. As the flows diminish 

further, the gate closure is extended toward the ends of the spill-

way, as shown on Exhibit c. The use of center gates only fol"' minimum 

spills results in attraction of fish to that area and generally this 

type of regulation should be avoided. 
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.. Depending .on the type of energy dissipater, a s~merged or 
. . . 

~urfac~ type: .jump may be created~ . (See Exhibit E~) .Fishway entrances 

are generally placed at or. n~ar the: cr,est :o·r · thi~ )ump at· a pre

determined flbod·- :fJ,ow le.vel. The crest. pc;>'sltion moves upstream as 
,·;._ .· 

flow. diminish~~ .and side eritr.ances ~e :u's~d to match .the. upstream 
: ,. 

posftlons. . Exhibit E·, also shows the . shorterted tralning. walls required • 

. A leading velocity. is creeited arid picketed leads .or ·gate manipulation, 

. is utilized to b"ring . the fish to the bay adjacent to. 'the. fishway 

. strUcture 'and· thence into the· fish~ay .pr0pe~. · 

As the.~peration of· a multiunit powerhouse is· not predictable 
,, • ·t • ' 

. as to. time of_ operation Of specific units, a collection syst~m may 

.be -proviqed wh.ich ext~~ds across. the powe~ho.use:. generally. with 
- . ~ . 

op~nings over each unit. End entrances also should be provided. 

Typical a~angements are shown 'on Exhib;its Q, U and v. ·usually each· 
. . . 

opening. ov~r the turbines is· supplied' wi'th ~0 cubic feet of ·water 

per' second or· 'more~ Uneven levels in the tail race may require the_ 

use of cantilevered.leaf gates in ·the collection system for the con

trol of -the ~ater level:: 

-Shore located entrances are preferred as the shore line provides 

a lead •. Eddy control is required. Fish·are attracted to .the dis

<:harges by both. ,spillways and -turbi~es' and move away from these 
·,. ' ~ 

influences during darkness hours_when they may seek velocities of 

. one foot per- sec.ond or less fC)r. r~st lng •.. The:·. eatly mornlng movement . 

of the re-turning fish· to the obstruction. appears to produce. the 
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greatest activity in the fishway. Casual ~ischarges at any time may 
'• .· ' -. . •. 

attract fish,_and ~hey may remain in the general~ vicinity for hours 

after _the flow is cut off. Intermittent spills can be _used to attract 

fish to desired locations. 

Flows from _the fishway: entrances may be augmented by auxiliary· 

water introduced either into an entrance bay or a collection system, 

iri which case an ~ntrance discharge can be m_ade up, th,us ·penni tting 
- . 

'continuatio~ of the transportation flow~ Exhibits O, _P and tJ show 

typical arrangements for bottom diffusers. Side diffusers rna~ be 

used but it is more difficult to 'provide uniform vel,ocities through 

them, and they require special ciirectional vanes. ·Gratings. over the 

diffusers·are utilized to prevent the fish from entering the large 

discharge area, with ~ubsequent delay in movement. 

Transportation flows are required _in_flat runs, such as collec

tion- systems and drowned-out port_ions of a fishway, because of rising 

tail water. Auxiliary-water is introduced into the ~arowned-out pools_ 

as shown in Exhibit E, section B-B. Designs have· been developed to 

supply or reduce the flows automatically as the tail -water rises and 

.falls. 

Fishway exits are customarily placed well above any possible draw-

down effect, or away from strong currents. A slight positive downstream 

current for leading is advantageous. Under the most favorable conditions, 

some fish are still _found to drop downstream through fishways or 
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turbines (perhaps up to 4 per cent of a day 1 s run) •. This wandering 

phenomenon is not.understood; however, drop backs may include fish 

that have .moved .above their home streams •. 

Barrier dams, specially constructed to divert fish to a fishway 

system, are· now being used under certain project conditions, as 

restricted spil~way areas,. wi~ely fluctuating-tail water levels, 

economics, and at projects where collecting. sorting and hauling 

are necessary. Exhibit AA shows a barrier connected with a fishway 

at a natural falls. · Special hydraulic conditions are created to 

lead the fish to the entrances. (See chapter u.Artificial Guidance 

of Fish," Exhibits I and J.) 

High dams have complicated the designs for fishways as fish have 

rejected fishway systems that use surface flows and with the principal 

discharge of the river supplied from deep outlets.· This phenomenon 

is not fully understood. T.emperature and water quality (including 

.. taste arid odor) are considered to be principal factors. 

Counting stations may be required. The most·simple type counts 

fish over a weir •. Fish may be more readily seen ag,inst ~white painted 

counting board. ·.A V-lead to an adjustable counting board has been in 

general use; more. recellt advances in design use an underwater station 

at which fish are directed to pass near a glass window. Back p~nel 

lighting may be. provided in_ addition to· surface lighting·. Televisfon 

counting is possible at such stations, with the fish activatins; the 

) 
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camera as they pass through a resistance tunnel. The presence of 

people at these underwater stations appears to have no influence 

on the movement of fish and public view windows are provided at 

some dams. 

Counting stations may be located within the fishway system 

or at the outlet or exit end. Because of the changing hydraulic 

patterns, fish tend to linger above a counting station area and 

frequently move back and forth. Counting stations at the exit end 

minimize this movement. white areas also appear to alarm fish 9 

with some turning back before they have completely crossed the 

painted area. 

The closure of counting stations results in accumulation of fish 

below the stations. It is recommended that an extra large pool be 

provided below any counting station. Most counting stations provide 

for an _adjustable distance between the fish and the observer to 

compensate for water clarity where species identification is desired. 

Many 4esigns for counting stations are available. 

There are no fish locks in operation on the Pacific Coast. Those 

that were constructed in the past were operated in conjunction with 

fishways. All lock operations have been discontinued in favor of fish

way passage. (See , chapter ''Locks and Mechanical Handling.") 

Exhibits o, P, S and T show the general configuration of locks 

in relation to the total fishway systems and a progression of development. 
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Exhibit P sho~s a paired set of locks with entrances at entrance 

bay level and with no holding pool. Exhibits 0, S and T show fish 

locks located above the entrance bay level which provides a short 

-.~ run of fishway to an. entrance pool. The McNary Dam lock chamber 

shown on Exhibit 0 ~as used during construction for transporting 

fish by bucket into the lock chamber, which demonstrated the fact 

that this system was capable of collecting and holding fish •. Present 

day entrance poois would have a crowder, for wh.ich there are several 

designs, such as a sweep moving along a track. In principle, they 

insure the movement of the fish out of the entrance pool without a 

t.i:ne delay. 

Deep reservoirs in river areas cause problems to fish migration, 

both adults and juveniles, through the slack waters. Temperature is 

a factor .in migration and .salmonoid type fish w.ill leave a .warmed 

surface to seek cooler depths. In many of the reservoirs south of 

the 45th parallel and east of the modifying coastal .conditions, areas 

of low oxygen level have formed below the thermocline. The environ

mental conditions, therefore, in such half lakes are such that either 

the temperature or the oxygen level may inhibit the migration or 

residence of cold water fish. The lack of leading velocities in 

reservoirs to fish that are accustomed to_ river conditions has.caused 

wandering~ both up and downstream,in· search of an exit from the 

reservoir. This behavior pattern at this time.is not understood» as 

certain of the salmonoid species accustomed to passing through lake 

) 
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areas continue to home without the apparent problems of wandering 

demonstrated by the river-accustomed fish. Delay by wandering can 

be fatal because of the energy utilization. (See 

chapter "Useful Factors in Life History of Most Common SJ)ecies," 

and chapter "Spawning Criteria.") It is recommended 

that all factors pertaining to fish passage at high dams be completely 

explored before considering any upstream passage system. Attempts 

to move downstream migrants from reservoirs have not met with 

universal success. Floating surface type collectors have been 

successful in two reservoirs. In one, a variable depth collector, 

as shown on Exhibit L, has been successful in capturing migrants. 

Experiments indicate that fish will pass under surface collectors 

when following their desired temperature gradient. Multilevel or 

adjustable depth entrances make possible attraction atvarying 

temperature levels. (See Chapters "Avoidance," "Artificial Guidance 

of Fish," "Temperature - Effects on Fish," and "Downstl'eam Migrants -

Movement of.") 

Special downstream passage is not usually provided at low head 

dams (100 feet or less). (See·chapter "Passage of Fish Through Turbines, 

Spillways and Conduits.") 

Models may be used to predetermine many project conditions and 

to permit design alterations to favor fish passage. (See Exhibits 

DD and EE.) The location of the jump e-~st for various river flows 

can be determined by models such as shown on Exhibit EE. 
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Nitrogen.entrainment may occur under' many spillway conditions. 

This. factor requires special consideration as the depth·of water . . 

in the stilling basin is a major factor in. concentrating entrain~d 

·nitrogen.· 

The same criteria should be applied in the design of temporary 

fishways that are used during periods of construction as ·for·permanent 

stru~tures, although the.strU.ctural materials us~d inay be less durable. 

In lieu of .fishways, a diversion tunnel 6r· open by-pass may be.used 

to pass fish, if suitable swimming v.elocities can be maintained. 

·(See chapter . "s~i.mniing. Speed~ of Adult and Juvenile. Fish.") As .. con..; 

strUction procedures vary, each·pro~ect ~ust be evaluated as to 

potential blocki~g conditions ·that _may be cre·ated. durlng construction. 

Temporary trapping and hauling have been. used as a means . of pass.ing 

fish·.during construction periods. Such facilities should be design~d 

in accordance with the criteria .in the c~apter "Locks ·and Mechanical 

Handling.'.' 
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C11.apter 35 OXYGEN 

The amount of dissolved oxygen in water is important to the well-being 

of fish and aquatic food organisms. (See also chapters Miscellaneous Informa

tion, Food Producing Areas and Their Requirements, Temperature - Effects on 

Fish, Silt and Turbidity, Fish Toxicants, and Hatcheries. 

In dealing with the transfer of oxygen from the atmosphere (dry air at sea 

level), the percent of oxygen in relation to other gases is as follows (by 

volume): oxygen 20.95%, nitrogen 78.09%, argon .93%, and carbon dioxide .03%. 

The mechanism by which oxygen is transferred from the atmosphere into still 

water (i.e., t'earing ponds, small lakes, etc •. , without surface movement) is dif

fusion. In flowing water (exposed to the atmosphere) it comes about, in addition 

to diffusion, by entrainment combined with turbulence which mixes rich, oxygen

ated surface waters with less oxygenated waters from depths. The effects of 

winds, which produce mixing, can be an important factor. 

The literature suggests two approaches that can be useful to investigators: 

the Streeter-Phelps steady state model for stream reaeration and the Phelps 

method for pond reaeration by diffusion. In using either approach, the amount 

of oxygen in the incoming.water must be known, including the demands for oxygen 

contained in such water. It also should be stated that the methods shown here 

are simplified and, for this reason, may result in errors if applied to compli

cated programs with many deman~s for oxygen. A single point source with a high 

oxygen demand may deplete a stretch of water. 

The oxygen sag curve, as defined by Streeter-Phelps, is the basic model 

used. 

The total effect of deoxygenation and reaeration can be resolved from the 

two curves whi~h form the sag curve. 
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The integrated form of the above curve is as follows: 

where 

Dt = oxygen deficit after a period of time 

t = time (usually in days) 

D = initial oxygen deficit 
a 

k
1 

= deoxygenation coefficient or BOD decay rate coefficient 
to base 10 · 

k2 = reaeration coefficient to base 10 

L = initial BOD 
a 

La' Da' and Dt must be in the same unit such as milliliters 
per l1ter, parts per million, or pounds per million 
gallons 
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Determine k
1 

by the following equation: 

where 

1 [ k
1 

= --log 
t . 

Xt = total oxygen demand in a river section in a 

period of. time 

~ = BOD at exit point 

When the measurement of Xt involves observation~·of BOD at the upstream 

point (station a) and the downstream point (station b), the following equa-

tion can be used if the.re is no inflow between the stations, but it must be 

adjusted if there is, 

k1 - - ~log [ ~: J 
Determine k

2 
by the following: 

where 

k = 
2 

·r = m 

r 
m 

2.3 D 
m 

amount of 

r .- X + m t 

reaeration 

(Da - Db) 

D = dissolved oxygen b 

between two points in 

deficit at the lower 

in the stream stretch considered 

D 
m 

= mean di¢.soived oxygen deficiency 

D 
m 

= 
Da + Db 

2 

a stream 

point (b) 

An indirect method of calculating k
2

can be determined graphically from the 

oxygen sag relationship when all the terms except·. k2 are kriown • 

. For comparison, k
1 

and k
2 

values are usually reduced to a standardized 

temperature value (20°C). If coefficient values are.collected from field data 

at.a different temperature, they can be adjusted to the standard temperature 
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coefficient value by: 

kl k 1.047 (T-20) = 120 
X 

T 

k.:> k 
X 1.047 (T-20) 220 T 

T = stream temperature (°C) 

kl , k2 - coefficient value at stream temperature 
T T 

k k 
120'. 220 = coefficient value .at standard 'temperature 

The following problem demonstrates the use of the oxygen sag curve re-

lationship by determining the effect of large numbers of spawning fish in 

a confined channel and the reaeration of the channel. 

Assume a 5,280 foot long spawning channel, 20 feet wide, with a 

depth of 1.5 feet and a flow of 45 cubic feet per second. The water is at 

12.8°C and its exchange time is 0.4 days. The channel is stocked with 

adult salmon at the rate of 2,667 fi~h/1,000 feet of channel. 

Assume 

L = 4 ppm 
a 

Lb = 2. ppm 

D = 2 ppm 
a 

Db = 0 

Demand of adult fish averaging 7 lbs in weight 

-4 
X = 2667 fish/1000 ft x 7 lbs/fish X 40 X 10 OZ 02/lb fish/hr x 

t .5280 ft X ,4 day X 24 hr/day = 3785.18 oz 02 

xt (ppm)' = 3785.18 OZ X 1/5280 ft X 1/1~5 ft X 1/20 ft X 

1 cu ft/lo- 3 oz = 23.90 ppm. 

('; 

"" 

l!l 

-.. , 

I 



.. 

'lb 

k = 
1 

1 
.4 log 2 

--4- = 

r = 23.90 + 2-0 = 25.90 m 
D = 2+0 = 1 

m 2 

k = 25.90 = 11.26 
. 2 (2.3)(1) 

5 

.75 

With these values computed 

Dt = .14 ppm 

. There·fore, DO leaving channel is 10.6(Sat) - .14- 10.46 ppm. 

reduce k value to standard temperature 

k 
k 212.8 

1.04 120 
= 

1.047( 12 ' 8-~ar = 

k2 
k 12.8 

220 
= (12~8-20) = 15.67 

1.047 ' 

Using this short period of time for recovery results in a high value 

for k1 and k
2

• A higher value is needed if complete recovery results or_ is 

assumed as all ac.tivi ty is compressed to a short time period. Field readings 

are necessary to determine a particular coefficient for a channel of the shape 

and slope to be used • 
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In dealing with $tatic bodies of water, the Phelps method is suggested, 

as it describes the computation of the reaeration coefficient (R). The 

first step is the calculation of the oxygen diffusion coefficient for the 

desired temperature. The diffusion coefficient (a) is determined in relation 

to the diffusion coefficient at 20°C (a
20

) by the following formula: 

where 

1 l (T-20) 
a = a 20 x • 

a20 = 0.00153 

T =desired temperature (C.) 

After the diffusion coefficient is calculated for the desired tempera-

ture, the absorption coefficient (K) is then computed as follows: 

K = 1r
2 

a t/412 

where 

1T (constant) 

a = diffusion coefficient 

t = time in hours required for mixing 

L = depth of the pond (average) 

The reaeration or decrease in oxygen deficit per mix (R) may then be 

determined from the following equation: 

where 

log R = 1.85 + 0.5 log K 
0 

R = percent reaeration (of saturated value) at 
0 zero ·Do 

The percent reaeration at any deficit (R) above zero may then be com-

puted from the following relationship: 

where 
DA = the deficit in percent 

------· 

., 

. I 

I 
'l 

' . 

Zll 
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By multiplying R by the saturated oxygen value for the given tempera-

'ture the reaeration in ppm per mix may be obtained. This value may then be 

multiplied by 8.34 to obtain pounds of oxygen per million gallons (mil gal) 

of water per mix. This figure.may be used with the volume·of the pond to 

obtain the reaeration in pounds of oxygen per mix for the pond and with 

the oxygen consumption of the fish to determine the loading factor for the 

pond. 

The following problem demonstrates the use of this approach in deter-

mining the carrying capacities of large rearing ponds with minimal incoming 

flows for replacement of evaporation-seepage losses. 

Assume a pond of 4.6 surface acres, averaging 10 feet in depth. The 

water is at 4.4° C. and the saturation level of dissolved oxygen is 13.0 ppm. 

Diffusion coefficient f.or pond: 

= 0.00153 X 1.1(4 •4- 20 ) 

. -4 = 3.426 X 10 

Absorption coefficient for pond, assuming 1-hour mixing time: 

K = (3.1416) 2 (3.426 X 10-4) (1 hr)/(4 X (lcf) 

= 8.4533 X 10-G 

Reaeration coefficient for pond: 

Log R 
0 

-6 = 1.85 + 0.5 log 8.4533 x 10 

R = 0.2058 percent saturation per hour (per mix) 
0 

Assume tha.t .DO is reduced to 5~0 .ppm, then at 4.4° C. the oxygen 

(13-5) 
deficit (DA) is 13 = 61.54% 
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R = ·o.2058 x .6154 

t 0.1266 percent saturation per hour (mix) 

= 13.0 x 0.001266 = 0.0165 ppm per hour (mix) 

= 0.016~ x 8.34 = 0.1372 lbs 02 per mil gal per hour (mix) 

Water capacity of pond: 

43~560 ft 2/acre x 4.6 acre x 10 feet x 7.48 gal/ft
3 = 14,988,812 

gallons 

Pond reaeration, assuming one mix per hour (greater mixing accompanies 
strong winds): 

14.988 mil gal x 0.1372 lbs o2/mil gai = 2~0564 lbs oxygen per hour 

Oxygen Consumption 

-4 Under norma~ activity 1 p~>und of fish uses 24 .0* x 10 ounces 

J • . , 

'I; I 

~~I 

"',I 

• . ' 
; 

. ~ ~ 
oxygen per hour (10° C.) 2.0564 x 16/24.0 x 10 = 13,709.33 lbs of fish. 

To aid the investigator in determining possible oxygen demands by 

fish under various conditions, the following tables have been prepared. 

See Chapters. ''Hatcheries and Rearing Ponds . 11 

*The amount of oxygen used by fish varies widely, depending· on the level 
of activity at constant temperature~ 

'• 
'~) 

' } 

: ~ 
i 

' . 

I 

I ; 
I..,.. 

I I 

Ll 
_I 



Fed fish 

Night 

Day 

Starved fish 

Night 

Day 

-

Mean o2 
mg/kg/hr 

170 

274 

170 

297 

Table 1 

Use of Oxygen by Fish 
(after Brett and Zala) 

consumption High o
2 

consumption at feeding Low o
2 

consumption 

mg/kg/hr oz/lb/hr oz/lb/hr 

27xl0-4 

44xl0-4 

27xlo-4 

48xl0-4 

mg/kg/hr oz/lb/hr 

375 60xl0-4 

169 27xl0-4 

155 25xl0-4 

(Mean from day 6 through 
day 22 of test) 

Fish used were 29-g sockeye salmon. 
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Table 2 

Use ·of oxygen by fish a's calculated under r.iver migration conditions. 

Migrating smolts 
Minimqm scoEe Maximum scoEe Migratin~ Adults 

Temperature mg/kg/hr oz/lb/hr .mg/kg/hr· oz/lb/hr mg/kg/hr oz/lb/hr 

57°F (l4°C) 370 59xl0-4 · • 640 103xl0-4 620 . 99xlo-4 

From sockeye salmon data. 

Adapted from Reference No. 13. 

Table 3. Adult oxygen computations (from tests). 

Adult oxygen requirements .are as follows:· 

Rest: ·1 pound of ~ish requires 7.91 x.l0-4 ounces of oxygen per hour. 

Normal 
10-4 

Activity: 1 pound of fish requires· 24 X ounces of oxygen per hour. 

Active 
x 10-4 

Swimming: .1 pound: of fish requires 40 ounces of oxygen per hour. 

Active 
40 x·lo-4 

Feeding: 1 pound of fish requires ounces ·of oxygen per hour. 

See Reference No. 12. 

I 

J 
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Table 4 

Oxygen concentrations at various temperatures in freshwater. 

B::t weight B,I volume 
Temperature 'Q:ig/1. 

oz/ft3 ft3/ft3 3 OF oc ppm oz/gal cc./1 ft /gal 
.,. 

39 3.9 13.1 .0131 .00175 9.24 .00924 .00124 
40 4.4 13.0 .0130 .00174 9.09 .00909 .00122 

·"" 
41 5.0 12.8 .0128 .00171 8.94 .00894 .00120 

42 5.5 12.6 .0126 .00168 8.84 .• 00884 .00118 
,-~ 

43 6.1 12.4 .0124 .00166 8.74 .00874 .00117 
44 6.6 12.2 .0122 .00163 8.59 .00859 .00115 
45 7.2 12.1 .0121 .00162 8.44 .00844 .00113 
46 7.7 11.9 .0119 .00159 8.34 .00834 .00111 
47 8.3 11.8 .0118 .00158 8.24 .!)OS24 .00110 
48 8.9 11.6 .0116 .00155 8.14 .00814 .00109 
49 9.4 11.5 .0115 .00154 8.04 .00804 .00107 

50 10.0 11.3 .0113 .00151 7.94 .00794 .00106 

--, 
51 10.5 11.2 .0112 .00150 7.84 .00784 .00105 
52 11.1 11.0 .0110 .00147 7.74 .00774 .00103 
53 11.7 10.9 .0109 .00146 7.64 .00764 .00102 
54 12.2 10.8 .0108 .00144 7.54 .00754 .00101 
55 12.8 10.6 .0106 .00142 7.44 .00744 .00099 
56 13.3 10.5 .0105 .00140 7.34 .00734 .00098 
57 13.9 10.3 .0103 .00138 7.29 .00729 .00097 
58 14.4 10.2 .0102 .00136 7.19 .00719 .00096 

59 15.0 .10.1 .0101. .00135 7.09 .00709 .00095 

60 15.5 10.0 .0100 .00134 7.04 .00704 .00094 
61 . 16.1 9.9 .0099 .00132 . 6.99 .00699 .00093 
65 18.3 9.4 .0094 • 00126 6.59 . .00659 .00088 

multiply by 7~0 , 29~92 , B for baro-To adjust for altitude differences, or· 1013' 
metric readings in millimeters, inches or millibars, respectively, at constant 

· . ( S(.552)) S . 

,I temperature. To adjust for salinity effects, mult~ply by 1 - lOO , ~s 
. o I the symbol for salinity in oo. 

~ 
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Under conditions where it is necessary to introduce oxygen by mechanical 

means to reaerate a body of water, the following experiment conducted by 

R. G. Piper descri·bes some. of the current methods of introducing pure oxygen 

into a body of water containing fish. 

Reoxygenation by Mechanical Means . 
(R.; G. Piper, Telephone communication 9 1979) 

_Equipment - hatchery haul:i.ng tank, pressure oxygen 
bottles with regulators, stone tubes, 
micropore tubes and latex tubes perfor
ated by sewing machine needles 

Fish size '7" 

Total fish weight - 450 lbs 

Temperature 8°C 

o2 .level of 6 ppm to be maintained 

Oxygen flow rates: 

1. 5 ·1/min with stones ( 2" dia, with combined ·length 18') 

5.0 1/min with micropore tubes(9/16" dia, with combined 
length.l8") 

4.0 1/min.with latex tubes(9/16" dia. withcombined length 18' 

Fish use equals .72 1/min to .9 1/min as calculated from table 
. by J. Elliott. 

The use of the above delivery rates gives the.following effi
ciencies of reoxygenation: 

Stones 
Micropore tubes· 
Latex tubes· 

48-60% . 
15-18% 
18-23% 

Size and number of released bubbles are important factors in 
mechanical reoxygenation of water. 

Capacity of 0
2 

cylinder (Linde Oxygen Service): 

K cylinder 19 lbs or 244 cu feet .or 6910 1 · 

T cylinder 26 lbs or 330 cu feet or 9345 1 

' ,.-
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