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FOREWORD 

This circular is a combination of "Trout Feeds and 
Feedin~' (Fishery Leaflet 423 of the Fish and Wildlife 
Service) and parts I and V of "The Nutrition of Trout," 
a series of articles in the Progressive Fish -Culturist. 

TROUT FEEDS AND FEEDING is the outgrowth of work at 
the Trout Nutrition Laboratory at Cortland, N. Y., insti ­
tuted in 1932. Nutrition of trout has been studied there 
over the years, in a cooperative pro gram of the Bureau 
of Sport Fisheries and Wildlife (of the U. S. Fish and 
Wildlife Service, preceded by the former U. S. Bureau of 
Fisheries), the New York State Conservation Department, 
and Cornell University. Ancestry of this circular is in 
the following pUblications that issued from the Cortland 
Experimental Hatchery: 

Tables Applicable to Hatchery Operations, by 
A. V. Tunison, Fish Cult ure No.2, May 1936. 

Trout Feeds and Feeding, by A. V. Tunison. December 
30, 1940. 

Trout Feeds and Feeding, Supplement 1, by A. V. Tunison, 
December 31, 1942. 

Feeding Tables for Trout (Revised ), by Charles R. 
Deuell and A. V. Tunison, February 1944. 

Trout Feeds and Feeding, by A. V. Tunison, revised 
February 1945 (reprinted April 1955 as the Fish and Wild­
life Service's Fishery Leaflet 423). 

The Nutrit ion of Trout, in the Progressive Fish­
Culturist: 

Part I, General Feeding Methods, by Arthur M. 
Phillips, Jr., vol. 18, No.3, July 1956. 

Part V, Ingredients for Trout Diets, by 
Arthur M. Phillips, Jr., and George C. Balzer, Jr., 
vol. 19, No.4, October 1957. 

iv 



INTRODUCTION 

'he health of all animals depends upon the fulfillment of physical and 
ysiological requirements for normal growth, development, and mainte­

ance. Of the factors that govern growth and development, nothing can 
e done to change inherited characteristics once the animal has been 
onceived. Many other factors that control growth, however, are condi­
ions of the environment, and in a controlled husbandry the efficiency 
f growth becomes dependent upon the skill and knowledge of the husbandman. 
n fish hatcheries these environmental conditions are numerous. Among 
he more obvious are water chemistry, flow, temperature, volume, and 
hanges per hour; sanitation; disease and disease control measures; and 
astly, but far from least in importance, the nutrition of the trout. 

utrition is not solely a matter of diet composition. It is true that 
trout cannot grow or even exist if essential elements are lacking in 

he diet, but it1s equally true that a complete diet cannot produce fish 
nless the diet is properly fed. The conversion of food into fish flesh 
s the measure commonly used to judge efficiency of a feeding program in 
fish hatchery. If conversion is a measure of efficiency, what can be 

one to ensure good conversions? Feeding methods, the protein, mineral, 
crbohydrate, fat, and vitamin requirements and the ingredients used in 
rout diets all have an effect on food conversions. In all probability, 
o one factor is more important than another, and it is a combination of 
11 of them that results in an efficient feeding program for hatchery 
rout. It is a common error to overemphasize either feeding methods or 
iet composition to the detriment of the other. The application of all 
vailable knowledge, physical and physiological, will result in a healthy, 
st growing trout at a low production cos t. 

ood supplies the energy and raw mater ial s that are essential to carryon 
he processes of life from the time of concep t ion until death. Only that 
aterial which is absorbed into the body proper may be considered food, 
or cnly after absorption is the material available to the body. After 
bsorption, the nutrients are distributed throughout the body to serve 
any purposes. 

he utilization of food in the animal body is descr i bed by the word 
etabolism. 11 Metabolism includes all the chemical processes that food 
dergoes to satisfy the requirements of the living body (growth, activ i ty, 
production, etc.). Metabolism occurs every instant of life, but the rate 

aries with body activities. Metabolism is at a low level during sleep 
nd at a high level during peak activities. Food is supplied to the body 
r the sole purpose of allowing normal metabolism to occur. Hunger is a 

'gnal to the body that the materials for metabolism have been reduced and 
at it is time for the supply to be replenished. 

tabolism is classified as anabolism (constructive) or catabolism 
destructive}. Anabolism is the building of materials useful to the body. 
he end products are new tissues (gro~~h and repair), enzymes, red blood 

-1-





TABLE OF CONTENTS 

Introduction ...................................................... 
Genera 1 feed; ng methods ...•..................•......•............. 

Unbound diets (mush or dough feeds) .•..••.•.••......••.••••.. 
Bound diets (mush or dough feeds) .....•.•.•.••••.....•.•...•. 
Blower feeds ..............•.................................. 
Cement mixer prepared feeds .••...••.••...•.••.••...•..•...... 
Pel1eted foods ......... II ••••••••••••••••••••••••••••••••••••• 

fVnounts to feed ••••.•••..•••...••.•••..••...•••.......•...... 
Frequency of feedi ng .•.•.•..•...•••.•.........•...•.......... 
Quality of food products ••••.•••••.•••.••.•••..•••••.••..•... 
Food preparation ............................................ . 
Feeding fish .......................... , ..................... . 
Storage of prepared foods •.••...•••••.•.••..•.•.....•.•..•.•• 
Temperature and feed; ng ..................................... . 
Accuracy of food wei ghts •.•.••••.•.•..•••.•...•.......•.•.... 
Adverse feedi ng condi ti ons .•.•..••..•...•.•••.••.••.•....•••. 

Insuffi ci ent water flow .•...••..• . ....•.••.•.•.•....•..• 
Low oxygen content of the water •..••....•..••.••.••••.•• 

Rearing capacities of hatchery units •....•..•...•.......•..•..•..• 

Ingredients for trout 
What ingredients 

Fresh meats 

diets ....... e ••••••••••••••••••••••••••••••• 

shou 1 d be used? ................ .. .......... . 
............................ ... .............. 

Fresh fi sh ............................ . .. . ............. . 
Plant concentrates .................... ... .............. . 
Animal concentrates 
Dietary supplements ..................................... 

How is the efficiency of a hatchery diet measured? .•..•••.••• 

The use of production charts in hatchery operations ••..••.......•. 

Tables for hatchery operations .......................•............ 

Page 

3 
4 
4 
5 
6 
6 
8 

11 
12 
12 
12 
12 
12 
14 
14 
15 
15 

15 

16 
17 
18 
18 
19 
19 
19 

20 

22 

23 

i terature ci ted .................................................. 38 

iii 



cells, reproductive products, and many more. Catabolism is the burning of 
carbohydrates, fats, and proteins to produce energy and represents a loss 
to the animal in the sense that the food is not directly utilized to produce 
body substances. For the most part the end products of catabolism are 
carbon dioxide, water, and nitrogen, which leave the body through the 
excretory system, and energy which is lost through radiation. Life cannot 
exist without energy, and catabolism furnishes the energy used for all 
body processes and activities. Catobolism always accompanies anabolism, 
for energy is essenti al for the conversion of foods into body materials. 

Body activities that either increase or decrease the rate of metabolism 
alter the dietary requirement. Heavy wor k increases the ene rgy require­
ment, and there must be an increase in the consumption of energy foods 
t o meet the need or body tissue will be utilized. During reproduction 
t he l evels of protein, vitami ns, and minerals must be incre ased to meet 
t he growth requirements of the developing young, and the levels of fats 
and carbohydrates increased to provide energy for the processes within 
t he developing young. If the needs of the embryo (or egg) are not met 
by the diet, the materi al s will be removed from the mother's body. 

Basa l metabolism is the minimum amount of energy required to maintain 
life when the body is at complete rest. Because met abolism is a chemical 
proce s s, the rate of basal metabolism varies with body temperature. The 
body t emperature of warm-blooded animals is relatively constant for a 
given species, and therefore the rate of basal metabolism is relatively 
constant. The warm-blooded animal can change the rate of metabol i sm 
under adverse environmental conditions. In extreme coldness the rate of 
metabo l i sm is increased by the involuntary act of shivering which pro­
vides additional energy from the increased activity, to maintain normal 
body t emperature. During illnes s, ~ith accompanying fever, the basal 
metabol ism of the body is increased by approximately 10 percent for each 
degree centigrade increase in body temperature. 

The bo dy temperature of cold-blooded animals is almost identical to that 
of the e nvironment. There is a basal metabolic rate for each tempera­
ture normal t o each species of cold-blooded animal. If body temperature 
influe nces the basal metabolism of cold-blooded animals to the extent it 
does warm - bl ooded animals, and there is evidence that this is the case, 
there is a tremendous range of normal metabolic rates for cold-blooded 
animals with changes in environmental temperatures. The normal body 
temperature of a trout may vary from just above freezing to 70oF. The 
basal rat e of metabolism would be exceedingly high at 70oF., in com­
parison with the rate at 34°F. It is safe to assume that more food 
would be required to meet the basic energy needs of fish held in the 
hi gher wat e r temperature. 

Diet compos i t ion has an effect upon the metabolic rate of an animal. 
Feeding an amount of protei n in excess of the protein requirements of 
the body r esults in the formation of fat from the excess protein. Six­
teen per cent of protein is nitrogen, which is wasted when fat is formed. 
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The metabolic rate of the animal increases to provide energy to eliminate 
this waste nitrogen. Similarly, feeding excessive amounts of minerals may 
increase metabolism to provide ene rgy to excrete the excessive minerals 
and thus prevent toxic accumulation s in the blood and tissues. 

Nutritional deficiencies occur more rapidly in periods of increased metab­
olism vitamin deficiencies occur more quickly in trout living in warm­
water than in those living in colci v:ater because cold-blooded trout 
increase their metebolism as the water temperature increases. It is often 
impossible to rear trout in the summer months on diets that are satis­
factory during the winter months. 

An animal's age is a factor governing metabolic rates. The metabolic rate 
of a young, rapidly growing animal is higher than that of adults that 
have ceased to grow. Trout fingerlings have a higher rate of metabolism 
than ,I arger trout as evi denced by thei r hi gher percentage growth rate. 
The trout-feeding tables based on trout size and water temperature are 
actually tables based upon metabolic rates of the fish. 

Disease alters the metabolism of the body. For example, furunculosis 
and kidney disease in trout de stroy the kidney, the organ for excretion 
of some end products of catabolism. The destruction of this excretory 
organ prevents normal excretion, eventually disrupts other phases of 
metabolism, and may cause the death of the animal. Any disease or nutri­
tional deficiency that affects a single phase of metabolism may eventually 
affect other phases, as each separate phase of metabolism is in some 
degree dependent on every other phase. 

' ecause increased body activity increases the metabo li c rate of the 
' animal, it's safe to assume that trout living in fa st waters have a 

higher metabolic rate than those living in ponds. The trout must expend 
more energy to maintain themselves in swift waters. Trout living in fast 
waters , therefore , require more food for energy than those living in the 
calmer e nvironments. 

It has been shown experimental I y that the chemi cal content of \< 'aters 
effects the metabolic rate of trout. Fish transferred ro low-calcium 

high-calcium waters increase their metabolic rate to oppose 
losses from the body. This condition may adversely affect 

growth or even cause death. 

GENERAL FEEDING METHODS 

Feeding has been considered one of the simplest tasks assigned fish­
culturists. , It has been a matter of feeding all that the fish would 
consume and then a little more to assure an abundant supply. Consist­
ency of the food has been disregarded; though given more food than 
necessary, trout have been underfed because the food was unavailable. 
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The availability of food to the fish is dependent upon diet consistency, 
and the control of this characteristic alone wi 11 result in a lower 
conversion of food into flesh. There are several methods of ensuring 
maximum food intake by trout. 

In the 17 years since the last reV1Slon of Trout Feeds and Feeding 
there have been revoluti onary changes in the foods fed to trout and 
the feeding methods used in hatcheries. The diets have progressed 
from all-meat mixtures, to those composed of meats and dry concen­
trates, to those manufact ured in the form of pellets and/or crumbles 
from all-dry components. The pe11eted types of food are fed either 
with or without meat supplementation, depending upon the pellets used 
and the conservative or aggressive nature of the hatchery manager. 
The majority of hatcheries at present are feeding at least a part of 
their foods as pellets, and as these diets are improved the moist type 
diets will disappear from hatchery use. For completeness, however, 
this paper will discuss the various types of foods that are still fed 
so that the reader may have a general survey of feeding practices. 

Unbound diets 

These diets may be fed as initial foods to trout fry and consist of 
finely ground meat (preferably through a 5/64-inch plate). The food 
is distributed in the water with a feather, spoon j or screen-bottomed 
dipper. The screen-bottomed dipper is the most efficient of the three 
feeding methods. Little or no water is added to the meat, and the 
weight of the meat on the screen bottom forces the food through the 
perfora tions as the dipper is gently shaken. Leaching of the nutri­
ents is kept to a minimum. 

However, loss of nutrients from these diets is inevitable and they 
should be fed for as short a period as poss ible. 

Bound diets (mush or dough feeds) 

Many years ago E. W. Fentress discovered that the addition of salt to a 
diet composed of pork spleen and dry meals resulted in a rubberlike 
mixture that resisted disintegration when placed in the water. Subsequent 
experiments established a satisfactory salt level as 2 percent of the diet. 
Bound diets result in increased fish growth, not because of the salt 
itself, but rather from increased intake because less food is lost in the 
water during feeding. 

To obtain maximum effici ency from bound diets, the meat binder should be 
slightly frozen (ice crystals present) when ground. The best binder with 
salt is pork spleen followed in order of efficiency by beef spleen, horse 
spleen, beef liver, and beef lungs. 
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he dt do s no n c arlly 
Th ightly bound mi ures ar 

There are s v ral s isfactory 

I With a modifi d potato ricer (Bryan 19 
2 With a pond ricer (Burro s 19 7) 
3 With a compressed-air feeder ( elnar 7). 
4 With a spoon or by hand feedlng. 

A bound diet is satisfactory for fish ln troughs 
rly fed anq/or if special feeding de lce ar 

compressed-air feeders). 

Th~re are two types of bound diet mi tures all- a d 
meal mixtures. 

The all-meat diets are usually composed of 11 rand 
salt. These are fed to trout following the unbound 
after the fish are vigorous and feeding I I and rang 
inch in length. This diet should be fed with th 
equipped with 1/16-inch plate holes. 

The meat-meal mixtures are fed to trout 0 er 1.5 lnch 
incorporation of dry meals in the diet d pends u on 
of dry meals used, and the experience of th fi h-cul 
should be fed with the modified potato ricer and 1 h a 
water as possible to prevent pollution. 

he amount of dry meal in the diet may ary from 2 
to as much as 60 percent for the larger fing rllng 
length). 

Blower feeds 

Blower-mixed feeds are fed to fish held in 
are prepared by passing the mi ture of 
blower similar to that used for room 
equipped with long sha ing fan b1ad s 
outlet of the fan pointing toward th 100 

the table top. The blower is dri en by a 
operation the food is fed from the tab1 
blades and e pel led into the tub. The 
sawdust and is fed by catterlng 0 r 
fish to con ume the food as it as s 
usually consist of 45 erc n a 

pending on the size of food 
times through he 



B 0 r fee ds a r e 
a s·ze 0 3 0 

ese fee ds ar e 

sat"sfactory for trout held in ponds until the fish reach 
i ces in length . Because of the small particle size 
ot efficiently uti lized by larger trout. 

. er pre pared foodS 

Foods p epared by me ans of a cement mixer may be fed to fish from 3 inches 
n leng h 0 the s· ze of brood stock. The food particles are larger than 
ose of blo r f eeds and the food is more completely consumed by the 

arg r fish . 

Th e foods are pr epared in an ordinary cement mixer (either a nontilting-
d mi er or the t ilting-drum type) . The mixer is operated by an 
electric motor a t a mixer speed of about 17 r.p.m. The diets mixed by 

s Method are us ua l ly composed of 55 percent meat and 45 percent ary 
M als nd shoul d contain a minimum of 15 percent beef liver. The rest 

f the meat may be sp leen. No water is adde d. The mixer is run for a 
rlod of 10 to 15 minutes. This method of diet prep aration requires 

s labor and a t tention than the prepar ati on of blower feeds. 

Cent mixer pr epared food is fed in the same manner as blower feed. 

ted foo ds 

al years ago pelleted types of trout food became available. These 
are Manufac tured in a manner similar to the methods for manufacturing 

et~ for rabbit s and chickens. Since the appearance of the original 
el let, doz ens of brands have appeared on the mar ket. Pelleted 

have captur ed the imagination of both fish-culturist and researcher, 
~endous amou nts of time have been spent in their development. Many 

ries throughou t the country feed only all-dry diets from the time 
ry S art to f eed until the fish are plante d. The pounds of pellets 
as increase d eac h year, and in 1961 approximately 70 percent of the 
f d in ational Fish Hatcheries consist ed of pel lets (table 1 I). 
jorlty of comme rcial hatcheries are reported as using this type of 

ease of f eeding, ~nd efficiency of food preparation, the 
ogram is the be st yet devised. 

no published open-formula pel let that can be fed as a complete 
ood without me at su pp lementation . However , many commercial pel lets 

tis d as compl ete trout foods and are so fed succes sfully at many 
Some work e rs believe that pel lets shoul d not be fed over long 

wlthout m at supp lementation, and they suggest meat at intervals 
or twice a w e . The usual meat supplementation is equal parts 

1 n and Ii e r ith 2 percent salt . 
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Pel lets are read i ly s t o r ed and e a sily fed to the fish, and the tedious 
and time-consuming t a sk of mixing diets and diet ingredients is eliminated. 
A number of exper i ment s have shown that pel lets produce fish at about half 
the pounds required for t he more conventional hatchery diets. Although it 
requires fewer pounds of pe l lets to produce a pound of fish than it does 
of the conventional types of tr out foods, the calories required to produce 
a pound of fish are simila r with both types of diets. Pel lets contain 
more calories per pound of food and hence fewer pounds are required to 
produce trout in compari son vi th meat-meal mixtures. For a true compcrison 
of the efficiency of foods i n f i sh flesh production the conversions must 
be relat~d to the calori e contend of the diet (table 10). To determine 
the economy of a gi ven type of diet, the conversion is related to the food 
cost per pound. 

Most commercial manu fa c turers of pel lets prefer the feeaing of fry with 
crumbled pellets , and t hese f oods replace the usual fry meat diets. For 
trout up to 3 and 4 inches, a small pel let (3/32 inch in diameter and 
1/8 inch in 1 ength) i s use d; for fi sh over 4 inches, a 1 arger pe 11 et 
(1/8 x 1/ 4 inch); and for br ood fish a still larger pellet. Table 12 
lists Federal speci fic a tions for particle size of dry fish foods. 

Pellets are fed by sca t t e r ing over the water1s surface. Automatic 
feeders are on the ma rket, and the full development of these feeders 
along with increased ef f i ciency of pelleted foods through research and 
development offers an a lmost foolproof and ideal method of feeding 
hatchery fish. Ther e is a l most no loss of nutrients from the pel lets 
to the water, and if fe d properly food consumption is nearly 100 percent. 
Difficulty may be e xperienced in starting trout to feed on pelleted 
foods, particularly i f the fish have been fed meat or meat -meal mixtures 
prior to the use of pel l ets. Careful, slow feeding wlll usually over­
come this di fficult y. If the fish have previously received meats in 
their diet , coat i ng t he pel l ets with a mixture of beef liver and spleen 
may be helpful in ac c li mati ng the trout to the taste of the pel lets. 

In many cases a pellet tha t is successful as a complete food at one 
hatchery fails at ano t her. The reasons for these results are unknown, 
but before placemen t of an y a ll - pellet feeding program into operation 
the program should be tested on a small lot of fish during periods of 
rapid growth (finge rling f i s h during the summer months). 

Pelleted fish foods may no t be considered complete foods until more is 
understood of the nu tritional requirements of trout. Trial-and-error 
experiments may produce an apparently complete food, but additional 
knowledge is require d from sound nutritional studies before a complete 
and entirely satisfactory f ood pellet can be compounded. Eventually a 
nutritionally comple t e a nd balanced pel let will be available, and the 
feeding of all-meat, e ven by the conservative fish-culturist, wi 11 be 
eli mi nated. 
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The State of Oregon has developed a moist pel let composed of meats and dry 
meals that are stored in a frozen condition (Hublou et a1., 1959). This 
f ood has proved successful and satisfactory in the Oregon State Hatcheries 
and overcomes some of the disadvantages of the dry pe11eted foods. 

Amounts to feed 

The most common errors in a trout hatchery feeding program are overfeeding 
and underfeeding. Overfeeding is wasteful in terms of unconsumed food; 
underfeeding is equal ly wasteful in terms of lost production. To obtain 
maximum production during a growing season, careful dai ly attention must 
be gi ven to the amount of food fed the fish. Tables 1, 2, 3, and 4 (Deuel 
e t al., 1952) show the amount of food fed as an expression in terms of 
percentage of the body weight of the fish. For a given fish size, the 
amo unt to feed incre ases with increasing water temperature and for a 
gi ven water temperature the amount of food de cr eases with increasing fish 
si ze. The variables (water temperature and fi sh size) are determining 
f a ~to rs of the metabolic rate of the fish's body. With an increase in 
body t emperature (water temperature) there is an increase in metabolism, 
indica t ing increased growth potenti al, and more food is required. As 
the fis h size increases, the metabolic rate decreases, indicating a Jecrease 
in growt h potential, and less food is needed. In a feeding program full 
advant age should be taken of the growth potential, thus assuring maximum 
dietary e f f iciency. 

The feedi ng tables at best are guides for determing the amounts to feed. 
If the exact amount shown in the ta ble s is fed, fair to excel lent results 
should be obtained. However, there are situations in which these amounts 
should be increased or decreased, as determined by the specific ccnditions 
of the ha t chery . As the water warms in the spring, the fish indicate, by 
their act ivity and fee ding zeal, an acceleration of metabolism. At this 
time of t he year, experience has shown that it is possible to feed in 
excess of the table values and increase fish production -without adversely 
alte r ing the conversion. As the temperatures drop in the fall, there is 
an appa ren t depressive effect on metabolism, and feeding less than the 
suggested table values can result in more efficient conversions of food 
into fles h. 

The best me asure of overfee ding or underfeeding is not the amount that is 
fed, but ra ther the conversio n values observed. A fish-culturist must learn 
the "water habits" of his station for maximum efficient production. 

The feeding tables of (Deue l et al., 1952) were established for the con­
ventional t ype of trout diets (bound, blower, and cement-mixer diets). 
Pellets s houl d be fed at levels determined from tables supplied by the 
feed manufacturer or at levels equivalent to 60 percent of the amounts ln 
Deuel's t able s . Only 60 poun ds of pellets should be fed, according to the 
latter method if the amount of conventional diet to be fed is 100 pounds. 
Most pel l e t s contain approximately 1,200 calories per pound, and the 
conventional diets of meat and meal approximately 720. Sixty percent of 
1,200 calories approximates the calorie content of conventional diets. 
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Deuel's feeding tables group the fish by numbers per pound and length in 
inches. There is a wide range in numbers per pound within each inch size 
grouping. Judgment must be used to determine the amount of food for a 
specific size fish. At a water temperature of 47°F., 7.8 percent of the 
body weight is suggested as food for brook trout in the 1- to 2-inch size 
group, (2,542 to 304 per pound) and 6.2 percent the amount for the 2- to 
3-i nch group (304 to 88 per pound) (tab 1 e 1). It wou 1 d be poor judgment 
to feed 7.8 percent of the body weight of trout weighing 310 per pound 
since 6 fewer fish per pound would place them at a 6.2 percent level. The 
fish-cu1turist should ascertain the range position of his fish and feed 
accordingly. A level of perhaps 7.0 percent would be a proper compromise 
in the foregoing example. The final decision must be based upon trout 
size, water temperature, and good judgment. 

The conversion factor serves to evaluate the level of food fed, allowing 
adjustments in the present growing season and establishing a basis for 
judgment for future seasons. 

Haskell (1959) developed en equation for the estimation of the amount to 
feed trout that is based upon the conversion of food into fish flesh and 
the daily increase in body length of the trout. The equation assumes the 
occeptance of the premises that hatchery trout remain reasonably constant 
in body form for at least 1.5 years; increase in length at a constant 
rate; and a definite rate of increase in length may be derived for each 
temperature for each species of trout. Haskell has presented data in 
previous works to support these premises. The equation was derived as 
follows: 

(1) Dai 1y percent gain in weight = 3 x AL x 100 
L 

(2} 

In which: 

L = 
6L = 
3 = 

length in inches 
daily increase in length in inches 
A con~tant der~ved from t~e usual weight-length 
re1atlon equatlon (W = KL ) 

Percent to feed of body weight daily = 200 x conversion x 
gai n in wei ght 

200 x 1 day 
The above is simplified to: 

percent 

(3) Percent to feed of body weight daily = Conversion x daily percent 
g a i n i n v:e i g h t 

Combination of equations 1 and 3: 

(4) Percent to feed of boay weight daily = 3 x conversion x~L x 100 
L 

For a complete discussion of these equations the reader is referred to 
Haskell's original article (1959). 
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To use t his e qua t ion, a n a v I a g mo n L h I Y 1 n 1 n 
est a b li s he d f 10m pIe v i 0 u s y r I r' 0 Ids . n d f 10m 
daily ga in in l eng th i s c I u l t d by dividing h 
by the number of day s i n l h month, Ar' p t d 
or obt aine d f r om PI vious l or ds . Wi t h th s 

ngth in inch 
thi v lu 

in length an d assume d co nv ( sion ) H sk 1 I I 

ca lc ul ate fee di ng leve l s . T bl e 6 p r'mi t s 
and the i ncrea s i n I ngth 0 I an y p dod 
pound ar e known at th tar· t and nd o t t p ri o d 

This method of c~lculation , if prop rl u d, \o i l l h 
fee ding levels . Sine .. th calori cont n 0 h di 
the conversion of food into fl sh thi s m thod ill d 
level of diets regardl ss 0 th ir calori cont nt. 

The method is best suited to hatch ri 
water but is applicable to oth r t tch 
associated wlth chang s in at r t mp 
practical purposes. the a r 9 daily 
year period would suffici ntly s~ooth 
permit d reasonably r Ijabl lic 10n 
fluctuations of water temp ratur do not occur . 

T re us~al method of application 0 
Feeair"lg levels between t tim int r 
~eed the fish frorn one calculated ding I 
passage of time, The inter I is the cholc 
be a day, a wee J or d month. robably a 

con n -
gro 
d . 

0 r 
r1 Ion 

ro 1 dl ng 

n9 h 
i h P r 

1959) . 

um 
in 
ding 

ur 

II 

nd 
, d 

would be the more practical, unless t m r tur ch n9 s r Jor 
factor, 

Applicatior of Has el I IS equation . 

~rom past yearls records : (sufficient numb r of yars 0 s blish 
sound a r a g figures) . 

June :st fish inventory = 308 p r pound 
J~ne 30th fish inventory = 158 per pound 

From Tab I e 6: 

June 1st fish = 2 .00 inches in le ngt h 
June 30th fish = 2 .499 in ches i n length 

or: 

A gain of 0 . 5 in che s ln length per month 

or : 

0.5 
30 

= 0 .0167 gain In inches per day 
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Assume a diet of pel lets: 

Past records establish a conversion of food into flesh of 1.8 pounds. 

Substitute in Haskell's equation: 

Percent to feed on June 1 s t = 3 x 1.8 x 0.0167 x 100 4 . 5 = 
2.0 

Percent to feed on June 15th = 3 x 1.8 x 0.0167 x 100 = 4 . 0 
2.25'''' 

Percent to feed on June 30th = 3 x 1.8 x 0.0167 x 100 = 3.6 
2.5 

* Since increase in length is at a constant rate and the lengths on 
June 1st and 30th are known, it is possible to c2lculate the length 
on June 15th. 

These calculations assume a relati vely constant water temperature for the 
month of June, established from previous hatchery records. If the water 
temperature is constant or other monthly averages are simi lar to that of 
June, the monthly gain of 0.5 inch in length may be used to estimate the 
food allowance for additional months. If th~ water temperature fluctuates 
widely ; the gain in inches must be calculated for each interval affected. 

Once the daily gain in inches has been established for a given period of 
relatively constant ~ater temperature, it is possible to estimate the 
length of the fish on any selected future date during this period by 
multiplying the daily gain by the number of days and adding this value to 
the length of the fish at the start. This calculated length is used to 
estimate the number of fish per pound by referring to table After the 
number of fish per pound has been established, the weight of the lot may 
be estimated by dividing t he number of fish by the estimated number per 
pound. This total weight of the fish may then be multiplied by the per­
cent to feed in terms of the body weight to arrive at the number of 
pounds of food to feed on the selected date. With the proper manipulation 
of the data, this is also a convenient way to estimate the total growth 
and/or the growth rate of a lot of fish for any future date. 

Frequency of feeding 

There is little experiment al evidence on which to establish the number of 
feedings per day for trout. It is generally believed that trout starting 
to feed should be fed small amounts at hourly intervals throughout the 
8-hour working day. After trout reach a size of 1 to 1.5 inches in length, 
daily feedings are reduced to four, and this schedule is continued until 
the trout are placed in pon ds. Trout 2 to 4 inches long in ponds are 
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s ally ~eo 3 times a day; later the feeding s ere reduced to t"Jice a day. 
Broo stOCK ere fed once daily. The foregoing is neither ideal nor absolute, 
b t the Cor~land workers believe th a t it is a satisfactory schedule. The 
efficiency of feeding frequencies cannot be measured solely by growth and 
conversion. Uniformity of fish size, sharing of the food by individuals, 
ard Ta~y other factors too difficult or almost impossible to evaluate enter 
the picture . s in any husbandry, the fish should be fed 7 days a week. 

Experi~ents have shown that feeding fingerling trout over a 24- hour period, 
e'ther w~th or without extended light periods, did not incr ease fish growth 
or effidency of food conversions (Phillips et a1., 1958). These worke r s 
found no valid reason for extending the period of feeding beyond the normal 
worK day. >-iaskell (1959) expressed the opinion that 24-hour feeding did 
increase the gains of fish above 1,000 per pound (smaller than 1.3 inches) 
but did not appear beneficial for larger fish. 

Qual;ty of food products 

The products fed to trout must be of good quality. Me ats should be pre-
erved by freezing until ground. Meats that have been al lowed to stand 

for extended perio ds are as unfit for trout as they are for human con­
sUMption . A standard practice that assures good quality of meats at 
feeding time is to grind sufficient meat for no more than a 2-day period 
a~d eep the meat chi lIed until used. Before grinding, excess fat should 
be triMmed or, if the product is fed to small fish, all fat removed. The 
triTmed fat should be discarded and not fed to larger fish. 

ry meals used 
able grade for 
to STa II fish. 
hatc'1er;es ha e 
I~'5 advisable 
reqloi rement. 

for trout oiets should be finely groun d and the best avail­
animal feeding. It is un~ise to feed meals that are coarse 

Dry meals shoulo be stored in a cool, dr y area. Few 
the proper facilities for long periods of dry meal storage. 
to purchase these products for no more than 6 months' 

~el leted types of food are best stored for periods not to exceed 3 months. 
h ossible, it is desirable to store pellets in a cold-storage area. 

crushing and crumbling, pellets should not be stacked, unless 
aCKS. The highest quality ingredients must be used in their manufacture. 

food that has a rancid odor or shows indications of spoilage must not 
c. The practice of feeding old and rancid foods to brood stock 1 S 

onally unsound. Brood fish are the source of future generations 
5t '1ave the best possible food and care. The quality of any animal 

r roductive pro duct can be only as high as the quality of the food. 

[ reparat ion 

re aration is an important operation of a hatchery pr ogram. The best 
nable ingredients are useless without proper pr e paration. 
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Meat should be ground to the proper texture for the size of fish fed, by 
passing several times through the grinder if necessary. Required water 
should be added slo~ly, and the food should be tested frequently during 
the addition to avoid excess wat er and assure proper consistency . Exces­
sive water lessens the bind of the die t and causes loss of nutrients by 
leaching. 

Meat-dry-mea1 mixtures should be prepared in amounts no greater than 
required for 2 days and refrigerated (40 0 F.) between feedings. Because 
of an interaction between ingredient s, mixed diets often deteriorate after 
even short periods of standing. 

Feeding fish 

Feeding is a slow process and should be done at a rate that a1 lows the 
fish to consume the food as it falls through the water. Some fish­
cu1turists prefer a floating food, but a floating food is not necessary 
if care is taken during feeding. The food should be scattered in such 
a manner that all fish have an opportunity to feed. Accumulations of 
food on the pond bottom should be avoided. Even though the fish may 
eventually consume the accumula te d food, all foods leach some of their 
nutritional elements upon standing in water, and their quality is reduced. 
Feeding should take priority over all other hatchery operations and should 
be routine. Daily operation schedules must allow ample time and labor for 
carefully feeding. 

Storage of prepared foods 

Mixed foods should be refrigerated bet\<!een feedings. It is undesirable 
to 1 eave a day' s allotment of food in the sun or ~'crm shade between 
feedings. Pel 1eted types of food should not be left in the heat of the 
day between feedings. 

Temperature and feeding 

Daily fluctuations in water temperature should be considered when feeding 
trout. The greatest amound of food should be fed during the period of 
water temperature rise, and the least amount during periods of temperature 
decrease. In most hatcheries the heaviest feeding can be given in the 
morning. In a few hatcheries, supplied by mountain waters, the water 
temperature drops until 10 or 11 a.m. In these hatcheries the fish should 
be fed larger amounts in the afternoon, after the water temperature begins 
to rise. Attention to such details has a beneficial effect on the food 
conversion rate. 

Many fish-~u ' turists believe that fish should be fed heavily in the morning 
because of hunger caused by overnight starvation. This reasoning applies 
to warm-blooded animals with a more or less constant basic metabolic rate, 
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but will ap ply to fish only if they are held in hatcheries supplied with 
constant-temperature water since the fish's metabolic rate changes with 
changes in water temperature. A drop in water temperature at night de­
creases the metabolic rate and reduces the desire to feed. The longer 
this drop continues, the greater the reduction in metabolic rate. As the 
water temperature increases , the metabolic rate increases and the appetite 
of the fish should be greater. 

Daily as well as seasonal changes in water temperature accelerate or depress 
the metabolic rate. Fish feed best during periods of accelerated metabolism. 
The difference between satisfactory and excellent conversions of food de pe nds 
on attention to the small refinements of fish feeding. 

Accuracy of food weights 

Trout nutrition suffers if the ingredients of the diet are inaccurately 
weighed or if improper amounts of food are fed . An accurate sc ale is 
essential for weighing both the diet ingredients and the allotted prep ared 
foods. An error of 10 percent in weighing 100 pounds of food causes over­
feeding or underfeeding by 10 pounds. 

Each unit of fish population (pond, raceway, or trough) should have its 
food a11o\<;ances weighed into a separate container to ensure uniformity of 
feeding throughout the hatchery. 

Adverse feeding conditions 

It is not possible in this article to cover all the adverse conditions that 
affect feeding practices in the hatchery. Some of these are overcrowding 
of the fish, unsanitary conditions, extreme variation in fish size, and 
disease control measures. This article presupposes the prevalence of near­
ideal conditions. However, because insufficient water flow and low oxygen 
content of the water are common/and unavoidable adverse conditions in many 
hatcheries, these will be discussed. 

Insufficient water flow -- The products of metabolism increase when trout 
growth increases. A fish disposes of the undesirable products of metabolism 
into the water in which it swims. Water flow and water volume combine to 
dilute the products to nontoxic levels. If the pro du cts are not di luted, 
the growth rate of the trout will be re duced and mortality increased, and 
the amount of food fed must be reduced. 

The dilution of these products depends on the water flow into and the 
volume of water in the pond. If the flow cannot be increased, the volume 
of water may be reduced, thus increasing the number of water change s per 
hour through the unit and often permitting continuation of an optimum 
feeding program. Flow of water is not necessarily the limiting factor, 
but rather the relation of flo\,' and volume that determines the water changes 
per hour. In h2.tcheries that re-use their water several times , the reduction 
of food intake by the fish m2.y be the only solution for reducing the 
accumulation of metabolic products. 
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Low oxygen content of the water -- Many hatcheries suffer a low oxygen 
content of the water during the summer months. Low oxygen may be caused 
by a combination of insufficient water flow, warm water, and overcrowding 
of the fish. 

A depleted oxygen situation may occur in dirt ponds containing large 
amounts of aquatic vegetation. Mortalities of fish occur at night, approxi­
mately 4 hours after feeding, the period of maximum oxygen use by feeding 
trout that is concurrent with the period during which plants withdraw oxygen 
instead of supplying it. This combination of pond metabolism necessitates 
the recirculation of the water to increase the oxygen content. 

Proper feeding methods will often carry the trout through the critical 
period without the necessity of water recirculation. Feedings should 
be scheduled so that photosynthesis of the plants is maintained during 
the hours of maximum demand of oxygen by the fish. It may be necessary 
to feed only partial rations and on dark, cloudy days, eliminate feeding 
entirely. The reduction in fish mortalities more than offsets the de­
crease in fish growth caused by reduced or eliminated feedings. 

REARING CAPACITIES OF HATCHERY UNITS 

Since the size of h~tchery rearing units vary from hatchery to hatchery, 
the carrying capacity is best stated in terms of pounds of fish per 
cubic foot of water. The establishment of the fish ~~ight that may be 
carried per cubic foot of water depends upon, among other things, the 
water flow, volume, and temperature, the size of the fish, accumulation 

f metabolic products, the oxygen content, and the re-use of the water. 
The number of water changes per hour appears to be the best means of 
correlating many of these factors and a reliable s tatistic to use i n 
establishing the carrying capacity of hatchery units. The ca paci t y can 
then be expressed in terms of pounds of fish per cubic foot. 

A number of years ago Kenneth Nichols of the New Yor k Conservation 
Department devised table 5 to determine the pounds of trout to be carried 
in ponds and troughs, based upon practices in New Yor k State Hatcheries. 
The table assumes a flow of 8 to 12 gallons of water per minute in troughs 
and a satisfactory amount in ponds. It has been widely used as a guide 
for many years. 

In order to place stocking of ponds and troughs on an orderly basis, 
Haskel I (1955) developed a formula for the determination of the pounds 
of fish carried per cubic foot of water. Haskel I stated that if it is 
assumed that- the accumulation of metabolic products and the consumption 
of oxygen are the factors that limit holding capacities of hatchery 
units, then the metabolism of food is the actual limiting factor since 
both the utilization of oxygen and production of metabolic products are 
dependent upon the metabolism of food. If, therefore, the carrying 
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capacity of a unit is known for a~y parti~u:ar size and species of trout 
at any water temperature, then sa re capacltles for other temperatures 
and sizes of the same species of trout would be the quantity of fish that 
would co nsume the same weight of food. Haskell IS princi p le is described 
by the fo 1 lowing equation: 

Weight of fish = Weight of food x 100 

Percent fed in terms of body weight 

For example Haskell aetermined that at the Rome, N.Y., Hctchery, brown 
trout, 1 inch in length, may be carried in troughs at a density of 1.75 
pounds per cubic foot of water at 53°F. These fish are fed at the rate 
of 7.6 per cent of their weight (table 2). The amount of food fed per 
cubic foot of water is: 

1.75 x 7.6 percent = 0.13 pou nd of food. 

The safe weight of brown trout that can be carried at any other water 
temperature of any size would be that weight requiring 0.13 poun ds of 
food per cubic foot of water or: 

Permissible weight = 0.13 x 100 

Percent fed in terms of body weight 

Haskell found that the weight of the same size brown trout held in po nds 
at the same water temperature was about one-sixth that of troughs, or 
0.02 pounds per cubic foot of water. Haskell IS formula is a sensible 
approach to the problem and has worked well under test. Each hatchery 
must determine its own values of food that can be fed per cubic foot of 
water. After this initial determination, the stocking of hatchery units 
is routine. 

INGREDIENTS FOR TROUT DIETS 

The food of man is composed of both plant and animal products, and he 
varies his diet according to his likes and dislikes as well as according 
to his income. The largest part of food for our animals comes from the 
plant kingdom, although carnivorous animals like the dog eat raw meat. 
Fish are both omnivorous 2nd carnivorous. Various species have charac­
teristic choosings; certa in forage fish are largely plant feeders whereas 
the pike is a meat eater . In nature, trout feed largely on aquatic and 
terrestrial animals. Under domesticated conditions the troutls diet in 
the earlier years of fish-culture consisted mainly of organs of warm­
blooded animals. Scie nce has since discovered that these organs are 
valuable in human nutriti on, and the cost has risen beyond the reach of 
trout hatcheries. Cheaper meat products (organs condemned for human 
consumption and dried plant and animal products have been substituted. 
Fresh fish have been used, but in some cases the use of these foods has 
been disastrous. 
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Diets today are compounded on a more sound basis than in the earlier days 
of fish-culture because many more of the trout l s nutritional requirements 
are known. Some formerly serious disease problems have been brought under 
control through diet. It is still not possible to outline a nutritionally 
complete diet, and the fish-culturists must rely on certain products to 
furnish unknown, but essential ingredients. The past 20 years have seen 
great strides, but there is still much to learn. 

The material that follows contains suggestions for the hatcheryman 
relative to the nutrition of trout. The diets suggested have been used 
successfully at this and other hatcheries. It is upon these successes 
that the suggestions are made. 

Rations for livestock vary in different sections of the country depending 
on the availability of feeds. This applies equally well to trout diets. 
The dry mixtures described herein may of necessity be modified to conform 
to other sections of the country. However, before extreme modifications 
are made, the hatcheryman should conduct preliminary mixing and/or feeding 
trials to assure himself of the wisdom of the change. Feeds should not be 
chosen because of low cost alone. Gold dust would be economical if one 
could rear trout with a production food cost of a cent a pound. This 
implies that the fish-culturist should keep records of his hatchery production 
in terms of food required to produce a pound of fish and the food cost of 
this production. Such practices are obviously necessary if one is to ma ke 
progressive improvements. 

The nutritional requirements for hatchery trout are satisfied through the 
food that is fed. The efficiency of a hatchery diet is a direct reflec­
tion of the skill and knowledge of the fish-culturist. In a discussion 
of the dietary ingredients that may be used to sa tis fy the needs of trout, 
two questions are apparent: (1) What ingredient s should be used? and 
(2) How is the efficiency of a hatchery diet measured? In the discussion 
that fol lows, these questions are discussed separately. 

What ingredients should be used? 

The sole requirement of an animal IS diet is that it contain all of the 
ingredients required to satisfy all of the metabolic needs of the body. 
If the nutritional requirements of an animal are known, a satisfactory 
diet may be selected from the chemical composition of various ingredien ts . 
If the nutritional requirements are incompletely known, actual testing of 
a diet mixture is necessary through feeding trials. Unfortunately the design 
of trout diets, for the most part, must be ach i eved through feeding trial s . 

Trout diets may consist of al I-meat mixtures, combinations of meats and 
dried meals; or all-dry diets composed of plant and animal concentrates. 

Dietary ingredients are selected on the basis of nutritional value, 
availabi lity of the product, and cost per pound. 
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rl iona l e l e of en ingreoicnt is determined from the chemical 
osition of the proouct as compared with known dietary requirements 

en erifi ed t hro gh trial -and-error experiments in which the 
gredien has proved satisfactory . Some ingredients are fed for specific 
roses such as so' rces of protein (fish meals) or vitamin content (dried 

bre r's yeast) , or f or their growth pr omoting qualities (poultry feeding 
lis). Tables 7 and 8 list the chemic al composition of a number of foods 

t at ha e been used in trout diets . 

The a ailability of a product is important in any decision to include it 
n a trou diet . Th e best food available is of little value if the supply 

liMited. Some pr oducts (salmon me al for example) have proved useful 
rout diets but are not used because the su pp ly is limited. 

The cost of an ingredient determines the economical value of a product 
for tro t diets . The cost must not be measured in terms of purchase 
rice alone but r a ther in terms of the cost to pro duce a pound of trout 

(cos per pound of f ood times the conversion). The use of an expensive 
ingredient is not j ustified if a less expensive one produces equal 
re u ts and the us e of cheap ingredients is not justified if a more 

product is su perior in terms of the cost of producing a poun d 

• '1 9 red i en t sma y beg r 0 u p e din tot he f 0 1 1 0 wi n g cIa sse s : ( 1) F res h 
, (2) fresh fi sh, (3) plant concentrates, (4) animal concentrates, 

C etary suppleme nts. 

1. Fresh me a ts -- Many of these products are excel lent sources of 
ns ard are fe d for thi s purpose . At present, conservative fish­

ed ise the inclusion of some fresh meats in all dietary 
Thi S opi ni on is not shared by a 11 and, as menti oned previ ousl y, 
been repo rted by many hatcheries that have placed their trout 

I-dry diets . The mo s t common meats fed are beef liver (condemned 
Ma~ consu ption ) and beef spleen. Some liver shou ld probably be 

ded in all meat - fee ding programs to provide supp lemental sources of 
B ita~lns . Splee ns have the added value of being excel lent 

en combi ned wit h sal t . 

Fres~ fish -- Diets containing fresh fish shou ld be fed with 
lnce these ma y c ause a thiamin deficiency and high mortality. 

s ecies of fish known to produce a thiamin deficiency in 
it fish, bul lheads , carp, goldfish, suckers , buckeye shiners, 
rring, an d c ree k chubs. Cooking the fish prior to feeding 

he anti thiamin f ac to r but adds to production costs . The 
a ground fresh f i sh that do not cause a thiamin deficiency 

1 s in a high r a t e o f conversion of food into flesh . The 
h fish pro ducts is not an advantage if the production cost 

higher th an t he cost when other types of trout diets are 
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3. Plant concentrates -- These products ere mainly 5v ~ces of carbo-
vdrate although some con ~ a i n "a high percentage of protein d others may 
~ excellent sources of Vl t aml ns . They are the cheapest ingr dients in 

ut diets. Since the carboh ydrate in plant products is mal 'y in the 
rm of raw starch, poorl ~ di gested by trout, they serve principally as 

Jlk and "fillers" in the di et. The most common plant products used are 
)ttonseed meal (high pro t e in ) , wheat middlings, red-dog flour, and 
tandard wheat middlings, dist i ller's solubles, and a byproduct of the 
Jtyl alcohol industry, BY-IOO. Soybean meal has been used with variable 
~sults in mixed diets. Ther e appeared to be an obnoxious taste factor 
) the fish. It would be desi r able to determine the value of soybean 
~al in pelleted types of foo ds . If taste is the factor in moist diets, 
t may not be a facto r i n dry diets. 

4. Animal concentra tes -- Some of these products are excel lent 
)urces of protein, wherea s others have little value. Fish meals are 
le best and blood meal s the poorest. Vacuum-dried whltefish meal is 
Jperior to all others te ste d but is difficult to obtain. Menhaden, 
ardine, and the poultry- feed types of fish meals are useful substitutes 
Dr whitefish meal. Dried skim milk is excellent as a trout food and 
rS a relatively high vi t am in content. However it is expensive and there­
fre usually used at a re l atively low level. Meat meals, meat-scrap 
eals, and mea t scrap and bone meals have been substituted for fish meal 
ut at be st are poor sub stitutes. Meat-scrap meal is preferred to the 
fhers in this group. Al l animal concentrates are artificially dehy­
iated, and the method of dehydration determines to a large extent 
reir nutritional qualit y . In general, products dried under vacuum, with 
w heat, are superior to t hose dried in air over flame. 

5. Dietary supp lements -- There is an inclination to utilize some 
the commercial sup p l ements in trout diet s that have proved successful 

~ 
the die t s of highe r animals. There is little experimental cvide~ce 

benefit fr om the inc lusion of these products in the moist type of 
tchery die ts . Even t he antibiotics that have been of such value in 
e husband r y of highe r animals have failed in trout diets as promoters 

growth or reducers of conversions. Only three supplements. salt, 
ied brewer's yeas t, a nd poultry feeding oils have produced results in 
ist diets that jus t i f y t he additional expense. Poultry dietary salt 
ntaining trace eleme nts is used in trout diets in place of the formerly 
ggested dairy sal t . Hi ghly fortified vitamin packages are added to 
st commercial and many open-formula pellets. 

is not practical t o specify one diet mixture that may be fed at all 
out hatcheries. The cost and availability of the ingredients vary 
om one section of the country to another, and a mixture satisfactory 
one area m"ay be too expensive in another. A number of diet mixtures 

~ ve been developed t ha t produce satisfactory results when fed to trout. 
ble 7 lists some of these mixtures. Changes in mixtures are possible. 
d in some cases desi r ab le . Many combinations of the listed ingredients 
uld be satisfacto r y . I t is wise to follow the literature for suggested 
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changes in diet formulas. Products change, and current evaluations may be 
obsolete at future dates. Any new mixture (either moist or dry) that has 
not been tested should be evaluated under hatchery experimental conditions 
before it is put in use in a hatchery. None of the listed pe11eted 
formulas are considered complete diets; all therefore should be fed with 
supplemental meats. 

How is the efficiency of a diet measured? 

The efficiency of a hatchery diet is based upon the results obtained. This 
does not mean that testing must be conauctea under laboratory supervision, 
as any hatchery can evaluate new products end diet mixtures if the wor k is 
carefully controlled. All precautions must be taken to assure an unbiased 
evaluation of the diet. 

The efficiency of hatchery diets is usually measurea by the growth of the 
fish, conversion of food into flesh, fish mortality, and the cost to pro ­
duce a pound of fish. Under some conditions the effect of the diet on 
body chemistry is studied. Of these measures, all but the body chemistry 
may be evaluated satisfactorily under orainary production hatchery conai­
tions. These first four measures are usually sufficient to establish the 
value of diet mixtures. 

The assurance of vigorous fish, without internal damage, must be estab­
lished, and in some cases this requires the assistance of personnel 
trained especially for this type of work. 

All experimental fish should be of the same age and from the same lot of 
eggs. The testing units should be stocked at a uniform rate of fish per 
cubic foot of water, and the w~ter flow should be similar through each 
unit. The food must be accurately ~~ighed, and one food container as­
signed to each experimental unit. For most experiments, ecch group of 
fish should be fed the same percentage of food in terms of their body 
weight. In some experiments (pellets vs. moist diets for example) the 
amount fed must be adjusted 2ccording to the calorie content of the diet 
for a fair evaluation. 

The experimental groups must receive priority over all other hatchery 
activities, and when possible it is prefer able to assign one reliable 
man to care for the fish throughout the experimental period. 

All diets should be teste d at least in du plicat e and pr eferably ln 
triplicate. Replication of diet mixtures a1 l ows normal variation and 
proauces a basis for juagment of results. The experimental diets are 
compared to a standard diet (control). The compariso n diet must be 
fed concurrent ly and under identical experimental conditions as the 
test diets. 
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e experimental trout should be weighed bi-weekly. The entire group of 
sh must be weighed. Sample counts will not suffice for experimental 
dies. By total weighing, the inherent error of samp le counting is 
inated. 

the weights of the fish exceed the carrying capacity of the unit during 
e experimental period, trout may be removed. The fish removed are ran­
mly selected by being crowded into a small area and taken while in motion. 
Iring transfer of the fish, the addition of water to the tared weighing 
ntainer must be avoided. One cubic centimeter of water weighs 1 gram, 
d it does not take many cubic centimeters to invalidate weighings. 

Ie numbers of fish per experimental unit are usually established at the 
,art of the experiment by sample counting and relating these values to 
1e total weight. As all judgments (except mortality) are based on the 
tal weight of fish, inaccuracy in numbers is relatively unimportant. 

1e experiments must be run for a period of time sufficient to establish 
alid conclusions. In warmer water (above 50oF.), with small fingerl.ing 
out, the period of experimentation is usually 16 to 20 weeks. In colder 

3ter the experiments may have to be run for 6 months or more. Some types 
, diet experimentation are continued throughout the growing season regard­
~ss of fish size or water temperature. To determine possible pathological 
anges in the fish's body, major changes in diet ingredients or feeding 

'ograms may have to be evaluated over a 2- or 3-year period. 

)r greatest sensitivity, the experiments should be conducted when the fish 
'e growing at their fastest rate (fingerling fish in warm water). Rapid 

abolism is required to measure nutritional deficiencies and overabundances, 
d the most rapid metabolism occurs in small fish that are held in warm 

3ter. It can be disastrous to apply e xperimental results from larger fish 
=ld in cold water during the winter months to fingerling fish in the warm 
Jmmer waters. 

or experimental records, the hatchery management chart may be used to 
ecord data. Diets producing sufficiently large deviations in growth, 
ortality, conversion, and production costs from the comparison diet ~ay 
e consi dered equal to, better than, or poorer than, t he compari son d iet. 
he replicate troughs must agree, or significance of differences wil l be 
nvalid. When the variation between diets are significantly greater than 
~riation within diets, there is a difference caus~d b~ t~e diet itse lf,. 
nd the variation is not due to chance alone. It 1S d1ff1cult to establ1sh 
~ tual differences that must occur for sig~if~c~nce. In the laboratory, 
~ thematical methods are used to measure slgn1f1cance. Under hatchery 
r nditions, good judgment must be used without bias. 
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Table 1 

BROOK TROUT: THE AMOUNT OF FOOD TO FEED PER DAY, 
IN PERCENT OF BODY WEIGHT, FOR DIFFERENT SIZE GROUPS 

HELD IN WATER OF DIFFERENT TEMPERATURES 

Number of Fish per pound 

-2542 2542- 304- 88.3- 37.8- 19.7- 11.6- 7.35- 4.94- 3.47- 2.53-
304 88.3 37.8 19.7 11.6 7.35 4.94 3.47 2.53 

Approximate size in inches 

-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 lO-

5.8% 4.9% 3.9% 2.9% 2.1% 1.7% 1.4% 1.2% 1.1% 1.0% 0.9% 
6.0 5. 1 4.0 3.0 2.2 1.8 1.5 1.3 1.1 1.0 0.9 
6.3 5.3 4.2 3.2 2.4 1.9 1.6 1.3 1.2 1.0 0.9 
6.6 5.6 4.4 3.3 2.5 1.9 1.7 1.4 1.2 1.1 1.0 
6.8 5.8 4.6 3.4 2.6 2.0 1.7 1.5 1.3 1.1 1.0 

7. 1 6.0 4.8 3.6 2.7 2. 1 1.8 1.5 1.3 1.2 1.1 
7.4 6.3 5.0 3.7 2.8 2.2 1.9 1.6 1.4 1.2 1.1 
7.8 6.6 5.2 3.9 2.9 2.3 2.0 1.7 1.5 1.3 1.2 
8. 1 6.9 5.5 4. 1 3.0 2.4 2.0 1.7 1.5 1.3 1.2 
8.4 7.2 5.7 4.3 3.2 2.5 2. 1 1.8 1.6 1.4 1.3 

8.8 7.5 6.0 4.4 3.3 2.6 2.2 1.9 1.7 1.5 1.3 
9.2 7.8 6.2 4.6 3.5 2.7 2.3 2.0 1.7 1.5 1.4 
9.6 8.2 6.5 4.9 3.6 2.9 2.4 2.1 1.8 1.6 1.4 

10.0 8.5 6.8 5.1 3.8 3.0 2.5 2. 1 1.9 1.7 1.5 
10.5 8.9 7. 1 5.3 3.9 3.1 2.6 2.2 2.0 1.8 1.6 

11.0 9.3 7.4 5.5 4.1 3.2 2.7 2.3 2.0 1.8 1.6 
11.4 9.7 7.7 5.8 4.2 3.4 2.8 2.4 2. 1 1.9 1.7 
11.8 10. 1 8.0 6.0 4.4 3.5 3.0 2.5 2.2 2.0 1.8 
12.3 10.5 8.4 6.3 4.6 3.7 3. 1 2.6 2.3 2. 1 1.8 
12.9 10.9 8.7 6.5 4.8 3.8 3.2 2.7 2.4 2. 1 1.9 

13.5 11.4 9.1 6.8 5.0 4.0 3.4 2.9 2.5 2.2 2.0 
14. 1 11.9 9.5 7. 1 5.2 4.2 3.5 3.0 2.6 2.3 2.1 
14.7 12.5 9.9 7.4 5.5 4.4 3.7 3. 1 2.7 2.4 2.2 
15.3 13.0 10.3 7.7 5.7 4.6 3.8 3.2 2.8 2.5 2.3 
16.0 13.6 10.8 8. 1 6.0 4.8 4.0 3.4 3.0 2.6 2.4 

eeding Tables for Trout (Revi sed), Deuel and Tunison, February 1944 
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Water 
Temp. 
( F. ) 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

Table 2 

eROWN TROUT: AMOUNT OF FOOD TO FEED PER DAY, 
IN PERCENT OF BODY WEIGHT, FOR DIFFERENT SIZE GROUPS 

HELD IN WATER OF DIFFERENT TEMPERATURES. 

Number of fish per pound 

-2542 2542- 304- 88.3- 37.8- 19.7- 11.6- 7.35- 4.94- 3.47-
304 88.3 37.8 19.7 11.6 7.35 4.94 3.~7 2.53 

Approximate size in inches 

-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 

4.9% 4.1 % 3.3% 2.4% 1.8% 1.5% 1. 2% 1.0% 0.9% 0.8% 
5.0 4.2 3.4 2.5 1.9 l.5 1.3 1.1 1.0 0.9 
5.2 4.4 3.5 2.6 2.0 1.6 1.3 1.1 1 .0 0.9 
5.4 4.5 3.7 2.7 2.0 1.6 1.4 1.2 1 .0 0.9 
5. 6 4.7 3.8 2.8 2. 1 1.7 1.4 1 .2 1.1 1.0 

5.8 4.9 3.9 2.9 2.2 1.8 l.5 1.3 1.1 1 .0 
6.0 5.1 4.1 3.0 2.3 l.8 1.5 1.3 1.1 1.0 
6.3 5.3 4.2 3.2 2.4 l.9 1.6 l.4 1.2 1.1 
6.5 5.5 4.4 3.3 2.5 2.0 1.6 1.4 1.2 1.1 
6.8 5.7 4.6 3.4 2.5 2.0 1.7 1.5 1.3 l.1 

7.0 5.9 4.7 3.5 2.6 2. 1 1.8 1.5 1.3 1.2 
7.3 6. 1 4.9 3.7 2.7 2.2 1.8 1.6 1.4 1.2 
7.6 6.3 5. 1 3.8 2.9 2.3 1.9 l.6 l.4 1.3 
7.9 6.6 5.3 4.0 3.0 2.4 2.0 1.7 1.5 1.3 
8.2 6.8 5.5 4. 1 3. 1 2.5 2.0 1.7 1.5 l.4 

8.5 7.1 5.7 4.2 3.2 2.6 2. 1 1.8 1.6 1.4 
8.8 7.4 5.9 4.4 3.3 2.7 2.2 1.9 1.7 1.5 
9. 1 7.6 6.2 4.6 3.4 2.8 2.3 2.0 l.7 l.5 
9.5 7.9 6.4 4.8 3.6 2.9 2.4 2.0 1.8 1.6 
9.9 8.3 6. 7 5.0 3.7 3.0 2.5 2. 1 1.9 1.7 

10.2 8.6 6.9 5.2 3.9 3. 1 2.6 2.2 1.9 1.7 
10.6 8.9 7.2 5.4 4.0 3.2 2. -i 2.3 2.0 1.8 
1l.0 9.2 7.4 5.6 4.2 3.3 2 8 2.4 2.1 1.8 
1l.5 9.6 7.7 5.8 4.3 3.4 :::. 9 2.5 2.2 1.9 
11.9 10.0 8.0 6.0 4.5 3.6 3.0 2.6 2.2 2.0 

2.53-

10-

0.7% 
0.8 
0.8 
0.8 
0.9 

0.9 
0.9 
1 .0 
1.0 
1.0 

1.1 
1.1 
1.1 
1.2 
1.2 

1.3 
1.3 
1.4 
1.4 
1.5 

1.5 
1.6 
1.7 
1.7 
l.8 

Feeding Tables for Trout (Revi sed), Deue 1 and Tunison, February 1944. 
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Water 
Temp. 
( F.) 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

-3492 

-1 

Table 4 

LAKE TROUT: AMOUNT OF FOOD TO FEED PER DAY, IN 
PERCENT OF BODY WEIGHT FOR DIFFERENT SIZE D GROUPS 

HELD IN WATER OF DIFFERENT TEMPERATURES 

Number fish per pound 

3492- 435- 133- 56.7- 29.0- 17.0- 10.5- 7.09- 4.94-
435 133 56.7 29.0 17.0 10.5 7.09 4.94 3.66 

Approximate size in inches 

1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 

5.7% 4.6% 3.4% 2.6% 2.1% 1. 7% 1.5% 1. 3% 1.2% 1.0% 
5.9 4.8 3.6 2.7 2. 1 1.8 1.5 1.3 1.2 1.1 
6.1 4.9 3.7 2.8 2.2 1.9 1.6 1.4 1.2 1 . 1 
6.4 5.1 3.8 2.9 2.3 1.9 1 .6 1.4 1.3 1.1 
6.6 5.3 4.0 3.0 2.4 2.0 1.7 1.5 1.3 1.2 

6.8 5.5 4.1 3. 1 2.5 2.1 1.8 1.5 1.4 1 .2 
7.1 5.7 4.3 3.2 2.6 2. 1 1.8 1.6 1.4 1.3 
7.4 5.9 4.4 3.3 2.7 2.2 1.9 1.7 1.5 1.3 
7.6 6.1 4.6 3.5 2.8 2.3 2.0 1.7 1.5 1.4 
7.9 6.4 4.8 3.6 2.9 2.4 2.0 1.8 1.6 1.4 

8.2 6.6 5.0 3.7 3.0 2.5 2.1 1.9 1.7 1.5 
8.5 6.9 5.1 3.9 3.1 2.6 2.2 1.9 1.7 1.5 
8.9 7. 1 5.3 4.0 3.2 2.7 2.3 2.0 1.8 1.6 
9.2 7.4 5.5 4. 1 3.3 2.8 2.4 2. 1 1.8 1.7 
9.5 7.6 5.7 4.3 3.4 2.9 2.4 2.1 1.9 1.7 

9.9 7.9 5.9 4.5 3.6 3.0 2.5 2.2 2.0 1.8 
10.2 8.2 6. 1 4.6 3.7 3. 1 2.6 2.3 2.0 1.8 
10.6 8.5 6.4 4.8 3.8 3.2 2.7 2.4 2. 1 1.9 
11.0 8.8 6.6 5.0 4.0 3.3 2.8 2.5 2.2 2.0 
11.4 9. 1 6.8 5.2 4. 1 3.4 2.9 2.6 2.3 2. 1 

11.8 9.5 7.1 5.3 4.3 3.6 3.0 2.7 2.4 2.1 
12.2 9.8 7.3 5.5 4.4 3.7 3. 1 2.8 2.4 2.2 
12.6 10.1 7.6 5.7 4.6 3.8 3.2 2.9 2.5 2.3 
1 3. 1 10.5 7.9 5.9 4.7 4.0 3.4 3.0 2.6 2.4 
13.6 11.0 8.2 6.2 4.9 4. 1 3.5 3. 1 2.7 2.5 

3.66-

10-

1.0% 
1.0· 
1 .0 
1 . 1 
1.1 

1.2 
1.2 
1.2 
1.3 
1.3 

1.4 
1.4 
1.5 
1.5 
1.6 

1.7 
1.7 
1.8 
1.9 
1.9 

2.0 
2.0 
2. 1 
2.2 
2.3 

Feeding Tables for Trout ( Revi sed), Deue 1 and Tunison, February 1944. 
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Table 5 

tLATION OF WEIGHT TO LENGTH FOR BRO OK TROUT, BROWN TROUT, AND RAINBOW TROUT 

(From Haskell , 1959) 

Iber Length Number Length Number Length Number Length 
r in per in per i n per i n 
nd inches eound inches eound inches eound inches 

10 0.744 4000 0.851 2000 1.072 1200 1.271 
0 0.745 3950 0.855 1980 1 .076 1180 1.278 
10 0.748 3900 0.858 1960 1 .079 1160 1.285 
0 0.750 3850 0.862 1940 1.083 1140 1.293 
10 0.752 3800 0.866 1920 1 .087 1120 1.302 
0 0.754 3750 0.870 1900 1 .091 1100 1 .309 
10 0.756 3700 0 .873 1880 1.095 1080 1 .317 
0 0.758 3650 0.877 1860 1.099 1060 1.325 
,0 0.761 3600 0.88 1 1840 1.102 1040 1.334 
0 0.763 3550 0.886 1820 1 .107 1020 1 .342 
10 0.765 3500 0.890 1800 1. 111 1000 1 .351 
0 0.768 3450 0.894 1780 1. 115 990 1 .355 
10 0.770 3400 0.898 1760 1 . 119 980 1.360 
0 0.772 3350 0.903 1740 1 . 123 970 1 .365 
10 0.775 3300 0.907 1720 1 . 128 960 1.370 
0 0.777 3250 0.912 1700 1 . 1 32 950 1 .374 
10 0. 780 3200 0.917 1680 1.136 940 1.379 

~ 0.782 3150 0.922 1660 1 . 141 930 1.384 
0. 785 3100 0.926 1640 1 . 146 920 1 .389 

;0 0.788 3050 0.932 1620 1 . 150 910 1 .394 
10 0.790 3000 0.937 1600 1.155 900 1 .399 
;0 0.793 2950 0.942 1580 1 . 160 890 1.405 
10 0.795 2900 0.947 1560 1 . 165 880 1.410 
;0 0.798 2850 0.953 1540 1 . 170 870 1 .415 
10 0.801 2800 0.958 1520 1 . 175 860 1.421 
iO 0.804 2750 0.964 1500 1.180 850 1.426 
10 0.806 2700 0.970 1480 1 .085 840 1 .432 
iO 0.809 2650 0.976 1460 1 • 191 830 1 .438 
10 0.812 2600 0.982 1440 1.196 820 1.443 
iO 0.815 2550 0.989 1420 1.202 810 1.449 
)0 0.818 2500 0.995 1400 1.208 800 1.455 
;0 0.821 2450 1 .002 1380 1 .213 790 1 .461 
)0 0.824 2400 1 .009 1360 1 .219 780 1.468 
;0 0.828 2350 1 .016 1340 1.225 770 1.474 
lO 0.831 2300 1 .023 1320 1.231 760 1.480 
;0 0.834 2250 1 .031 1300 1 .238 750 1.487 
)0 0.837 2200 1 .039 1280 1.244 740 1.494 
;0 0.841 2150 1 .047 1260 1 .251 730 1.500 
)0 0.844 2100 1 .055 1240 1 .258 720 1 .507 
;0 0.848 2050 1 .063 1220 1 .264 710 1.514 
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Table 5 (Continue d) 

Number Leng th Number Length Number Length Number Length 

per i n per 1 n per i n per i n 

pound inches pound inches pound i nche s pound inches 

700 1.522 450 1.763 340 1.936 260 2. 11 7 
690 1.529 445 1.769 338 1.939 258 2. 122 
680 1.536 440 1.776 336 1.943 256 2. 127 
670 1.544 435 1 .783 334 1.947 254 2. 133 
660 1 .552 430 1.790 332 1.951 252 2.139 
650 1.560 425 1.797 330 1.955 250 2. 144 
640 1.568 420 1.804 328 1.9)9 248 2. 150 
630 1 .576 415 1.811 326 1.963 246 2.156 
620- 1.584 410 1.819 324 1.967 244 2.162 
610 1.593 405 1.826 322 1.971 242 2. 168 
600 1.602 400 1. 834 320 1.975 240 2.174 
595 1 .607 398 1.837 318 1 .979 238 2.180 
590 1 .611 396 1.840 316 1.983 236 L.186 

585 1 .616 394 1.843 314 1.988 234 2. 192 
580 1.620 392 1.846 312 1.992 232 2. 198 
575 1.625 390 1.849 310 1.996 230 2.205 
570 1 .629 388 1.852 308 2.000 228 2. 211 
565 1.634 386 1 .855 306 2.005 226 2.218 
560 1.639 384 1.859 304 2.009 224 2. 225 
555 1.644 382 1.862 302 2.014 222 2. 231 
550 1.649 380 1.865 300 2.018 220 2. 238 
545 1.654 378 1.869 298 2.023 218 2.2 U5 
540 1 .659 376 1 .872 296 2.027 216 2.252 
535 1.664 374 1.875 294 2.032 214 2.259 
530 1 .669 372 1.878 292 2.036 212 2.266 
525 1 .675 370 1 .882 290 2.041 210 2.273 
520 1.680 368 1.885 288 2.04b 208 2. 280 
515 1.686 366 1.889 286 2. 051 206 2. 288 
510 1.691 364 1.892 284 2.055 204 2.295 
505 1 .697 362 1.896 282 2.060 202 2. 303 
500 1 .702 360 1.899 280 2.065 200 2. 310 
495 1 .708 358 1.901 278 2.070 199 2. 314 
490 1.714 356 1.906 276 2.075 198 2. 318 
485 1.719 354 1.910 274 2.080 197 2. 322 
480 1 .725 352 1.913 272 2.085 196 2. 326 
475 1 .732 350 1 .917 270 2.090 195 2.330 
470 1 .738 348 1 .921 268 2.095 194 2. 334 
465 1.744 346 1.924 266 2. 1 01 193 2.338 
460 1 .750 344 1 .928 264 2.106 192 2.342 
455 1.757 342 1 .932 262 2. 111 191 2.346 
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Table 5 (Continued) 

I:! r Length Number Length Number Length Number Length 
per in per i n per i n per in 
oun d inches pound inches pound i nche s pound inches 

9~ 2.350 149 2.548 108 2.837 83.5 3.090 
~j 2.354 148 2.554 107 2.846 83.0 3.097 
8 2.358 147 2.560 106 2.854 82.5 3.103 
8 2.362 146 2.566 105 2.863 82.0 3.110 
8 2.367 145 2.572 104 2. 873 81.5 3.116 
8 2.371 144 2.578 103 2.882 81.0 3.122 
8 2.375 143 2.584 102 2.892 80.5 3.128 
8 2.379 142 2.590 101 2.901 80.0 3. 135 
8 2.384 141 2.596 100 2.910 79.5 3. 141 
8 2.388 140 2.602 99.5 2.915 79.0 3.148 
8 2.393 139 2.608 99.0 2.920 78.5 3.155 
71 2.397 138 2.614 98.5 2.925 78.0 3.162 
7i 2.402 137 2.620 98.0 2.931 77 .5 3.169 
7i 2.406 136 2.627 97.5 2.935 77.0 3.176 
7f 2.411 135 2.633 97.0 2.940 76.5 3. 182 

2.415 134 2.640 96.5 2.945 76.0 3. 189 
2.420 133 2.647 96.0 2.950 75.5 3.196 
2.424 132 2.654 95.5 2.955 75.0 3.204 
2.429 131 2.660 95.0 2.961 74.5 3.211 
2.434 130 2.667 94.5 2.966 74.0 3.218 
2.439 129 2.674 94.0 2.971 73.5 3.225 
2.443 128 2. 681 93.5 2.977 73.0 3.233 
2.448 127 2.688 93.0 2.982 72.5 3.240 
2.453 126 2.695 92.5 2.987 72.0 3.248 
2.458 125 2.702 92.0 2.993 71.5 3.255 
2.463 124 2.709 91.5 2.998 71.0 3.262 
2.468 123 2.717 91.0 3.004 70.5 3.270 
2.473 122 2.724 90.5 3.009 70.0 3.278 
2.478 121 2.731 90.0 3.015 69 .5 3.286 
2.483 120 2.739 89.5 3.020 69.0 3.294 
2.488 119 2. 746 89.0 3.026 68.5 3.302 
2.493 118 2.754 88.5 3.031 68.0 3.310 
2.499 117 2.762 88.0 3.037 67.5 3.318 
2.504 116 2.770 87.5 3.043 67.0 3.326 
2.510 115 2.778 87.0 3.049 66.5 3.334 

~ I 2.515 114 2.786 86.5 3.055 66.0 3.343 
2.521 113 2.794 86.0 3.061 65.5 3.351 

B 2.526 112 2.803 85.5 3.067 65.0 3.360 
il 2.531 111 2.811 85.0 3.073 64.5 3.369 
~ I 2.537 110 2.820 84.5 3.078 64.0 3.378 

2.543 109 2.828 84.0 3.084 63.5 3.387 
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Table 5 (Conti nued) 

Length( Number Le ng t h Number Length Number Length Number 
per i n pe r i n per i n per in 

poun d inches pound inche s pound inche s pound inches 

63.0 3.395 43. 0 3.857 33.2 4.203 25.2 4.608 
62.5 3.404 42. 5 3. 87 2 33.0 4.211 25.0 4.620 
62.0 3.413 42 .0 3.887 32.8 4. 22 0 24.8 4.633 
61.5 3.422 41. 5 3.902 32. 6 4. 228 24.6 4.646 
61.0 3.432 41. 0 3.918 32 . 4 4. 238 24.4 4.659 
60.5 3.441 40.5 3.934 32 . 2 4. 247 24.2 4.670 
60.0 3.450 40.0 3.950 32 . 0 4. 255 24.0 4.684 
59.5 3.460 39.8 3.957 31.8 4. 264 23.8 4.697 
59.0 3.470 39.6 3.963 31.6 4. 273 23.6 4.710 
58.5 3.480 39.4 3. 970 31. 4 3. 282 23.4 4.724 
58.0 3.490 39 . 2 3.977 31 . 2 4. 292 23.2 4.737 
57.5 3.500 39.0 3. 984 31. 0 4. 30 1 23.0 4.750 
57 . 0 3.510 38.8 3. 991 30 .8 4.309 22.8 4.764 
56 .5 3.520 38.6 3.997 30.6 4. 319 22 . 6 4.779 
56 .0 3.510 38.4 4. 004 30 . 4 4. 329 22 . 4 4.792 
55. 5 3.541 38.2 4. 011 30 .2 4. 338 22 .2 4.806 
55. 0 3.552 38.0 4. 018 30 . 0 4. 348 22 .0 4.821 
54.5 3.563 37.8 4.026 29.8 4. 358 21.8 4.835 
54 .0 3.574 37.6 4. 033 29 . 6 4. 368 21.6 4.850 
53 .5 3.585 37.4 4.040 29 . 4 4. 378 21.4 4.867 
53.0 3.597 37.2 4.047 29.2 4.388 21.2 4.881 
52 .5 3.608 37.0 4. 055 29 . 0 4.398 21 .0 4.897 
52 .0 3.619 36.8 4. 062 28.8 4. 408 20.8 4.913 
51.5 3.631 36.6 4.069 28 . 6 4. 418 20.6 4.929 
51. 0 3.643 36.4 4.077 28 . 4 4. 428 20.4 4.943 
50.5 3.655 36.2 4. 084 28 . 2 4. 438 20.2 4.961 
50.0 3.667 36.0 4. 091 28.0 4. 448 20.0 4.978 
49.5 3.679 35.8 4.099 27. 8 4.460 19.9 4.985 
49.0 3.692 35.6 4.106 27.6 4.470 19.8 4.994 
48.5 3.705 35 . 4 4. 114 27.4 4.481 19.7 5.002 
48.0 3.718 35 . 2 4. 123 27. 2 4.493 19.6 5.011 
47.5 3.730 35.0 4.1 30 27.0 4.503 19.5 5.018 
47. 0 3.743 34 .8 4. 138 26.8 4.514 19.4 5.028 
46. 5 3.756 34.6 4.145 26. 6 4.526 19.3 5.037 
46 .0 3.770 34.4 4. 154 26.4 4.537 19.2 5.045 
45 .5 3.784 34 . 2 4.1 62 26.2 4.549 19. 1 5.054 
45.0 3.798 34 .0 4.170 26.0 4.561 19.0 5.064 
44.5 3.812 33.8 4.179 25.8 4.572 18.9 5.071 
44.0 3.827 33. 6 4.186 25.6 4.584 18.8 5.081 
43.5 3.842 33.4 4.196 25.4 4.595 18.7 5.090 
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Table 5 (Conti nued) 

ber Length Number Length Number Length Number Length 
oe r 1 n per i n per in per in 
Lound inches pound inches pound inches pound inches 

L 6 5.098 14.80 5.503 12.80 5.776 10.80 6. 113 
8.5 5.108 14.75 5.510 12.75 5.783 10.75 6. 121 
.4 5. 117 14.70 5.514 12.70 5.791 10.70 6.130 
.3 5. 127 14.65 5.521 12.65 5.798 10.65 6.141 
.2 5.137 14.60 5.528 12.60 5.806 10.60 6.149 
. 1 5. 145 14.55 5.535 12.55 5.813 10.55 6.160 
.0 5. 154 14.50 5.539 12.50 5.821 10.50 6. 169 

1.9 5.164 14.45 5.546 12.45 5.828 10.45 6. 180 
1.8 5.174 14.40 5.553 12.40 5.836 10.40 6. 189 
.7 5. 184 14.35 5.560 12.35 5.846 10.35 6.200 
.6 5.194 14.30 5.567 12.30 5.854 10.30 6.209 

7. 5 5.204 14.25 5.573 12.25 5.861 10.25 6.220 
1.4 5.214 14.20 5.578 12.20 5.869 10.20 6.229 
1· 3 5.224 14.15 5.585 12. 15 5.876 10. 15 6.240 

11 .2 5.234 14.10 5.592 12.10 5.884 10.10 6.249 
11 . 1 5.244 14.05 5.599 12.05 5.892 10.05 6.260 
1. 0 5.253 14.00 5.606 12.00 5.902 10.00 6.272 
6.9 5.265 13.95 5.613 11 .95 5.910 9.95 6.281 
6. 8 5.275 13.90 5.620 11.90 5.918 9.90 6.293 
6.7 5.286 13.85 5.624 11 .85 5.925 9.85 6.301 
6.6 5.296 13.80 5.631 11.80 5.933 9.80 6.313 

5 5.306 13.75 5.639 11 .75 5.944 9.75 6.325 
.4 5.317 13.70 5.646 11 .70 5.95 1 9.70 6.334 

6.3 5.327 13.65 5.653 11 .65 5.959 9.65 6.346 
6.2 5.340 13.60 5.660 11.60 5.967 9.60 6.358 
5. 1 5.350 13.55 5.667 11 .55 5.978 9.55 6.367 
5. 0 5.361 13.50 5.674 11 .50 5.986 9.50 6.379 
5. 9 5.372 13.45 5.681 11 .45 5.994 9.45 6.3"91 
5.8 5.385 13.40 5.688 11 .40 6.002 9.40 6.409 
5. 7 5.395 13.35 5.696 11 .35 6.012 9.35 6.412 
5 . 6 5.406 13.30 5.703 11 .30 6.020 9.30 6.424 
5. 5 5.419 13.25 5.710 11 .25 6.028 9.25 6.436 
5. 4 5.430 13.20 5.717 11 .20 6.039 9.20 6.449 
? • 3 5.441 1 3. 1 5 5.724 11 . 15 6.047 9.15 6.458 
5.2 5.454 13.10 5.732 11 .10 6.056 9.10 6.470 
5. 1 5.465 13.05 5.739 11.05 6.066 9.05 6.483 
5. 0 5.478 13.00 5.746 11 .00 6.075 9.00 6.495 
4.95 5.483 12.95 5.754 10.95 6.083 8.95 6.508 
4. 90 5.490 12.90 5.761 10.90 6.094 8.90 6.520 
4.85 5.496 12.85 5.768 10.85 6.102 8.85 6.533 
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Table 5 (Conti nued) 

Number Length Number Length Number Length Number Length 

per i n per i n per i n per in 

~ound inches ~ound inches ~ound i nche s 20und inches 

8.80 6.544 7.30 6.964 5.85 7.498 4.40 8.245 
8.75 6.555 7.25 6.982 5.80 7.519 4. 35 8.276 
8.70 6.568 7.20 6.996 5.75 7.541 4.30 8.308 
8.65 6.581 7.15 7.014 5.70 7.563 4.25 8.340 
8.60 6.593 7.10 7.029 5.65 7.585 4.20 8.374 
8.55 6.606 7.05 7.047 5.60 7.608 4.15 8 . 407 
8.50 6.619 7.00 7.062 5.55 7.631 4.10 8. 441 
8.45 6.632 6.95 7.079 5.50 7.654 4.05 8.476 
8.40 6.645 6.90 7.096 5.45 7.677 4.00 8.511 
8.35 6.658 6.85 7. 11 3 5.40 7.701 3.95 8.546 
8.30 6.672 6.80 7·131 5.35 7.724 3.90 8 . 583 
8.25 6.685 6.75 7.148 5.30 7.749 3.85 8.620 
8.20 6.701 6.70 7.166 5.25 7.773 3.80 8. 657 
8.15 6.715 6.65 7.184 5.20 7.798 3.75 8.696 
8.10 6.728 6.60 7.202 5.15 7.823 3.70 8 . 735 
8.05 6.741 6.55 7.221 5.10 7.849 3. 65 8 . 774 
8.00 6.755 6.50 7.239 5.05 7.874 3. 60 8.815 
7.95 6.768 6.45 7.257 5.00 7.901 3.55 8 .856 
7.90 6.782 6.40 7.277 4.95 7.927 3. 50 8.898 
7.85 6.799 6.35 7.296 4.90 7.954 3.45 8.941 
7.80 6.813 6.30 7.315 4.85 7.981 3.40 8.984 
7.75 6.827 6.25 7.334 4.80 8.009 3. 35 9.029 
7.70 6.840 6.20 7.354 4.75 8.037 3.30 9.074 
7.65 6.858 6. 15 7.374 4.70 8.065 3. 25 9. 121 
7.60 6.872 6.10 7.394 4.65 8.094 3. 20 9.168 
7.55 6.886 6.05 7.414 4.60 8.123 3. 15 9.216 
7.50 6.903 6.00 7.435 4.55 8. 153 3.10 9.265 
7.45 6.917 5.95 7.455 4.50 8.183 3. 05 9.316 
7.40 6.932 5.90 7.476 4.45 8 . 214 3.00 9.368 
7.35 6.949 

Table 6 

POUNDS OF TROUT THAT MAY BE CARRI ED PER CUBIC FOOT OF WATER 

(From Kenneth Nichols, State of New York Conservation Dep artment) 

Size of trout Pounds ~er cubic foot of water 
in inches In trou9 hs In ~onds 

- 1 0.6 
1 - 2 1.0 
2 - 3 2.0 0.3 
3 - 4 3.0 0.7 
4 - 5 4.0 0.8 
5 - 6 0.9 
6 - 7 1.0 
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Table 7 

CHEMI CAL COMPOSITION OF SOME FOODS FOR HATCHERY TROUT 

Percent 
ood Protein Fat Carboh drate Ash Fiber Water 

;.s h Meats: 
, 

14.8 24.7 ear t, beef 0.9 0.9 53 . 3 
K i dne y, beef 13.7 1.9 0.4 1.0 74.0 
_ i ver 

Beef 20.2 3. 1 2 .5 1.3 72.3 
Pork 21.3 4.5 1.4 1.4 72 .8 
Sheep 23.1 9 .0 5.0 1.7 61.2 

ungs, beef 16.4 2.8 1 . 0 79.7 
p1een 

Beef 18.0 2.3 1.4 75.2 
Pork 17.0 1.9 1.4 78.0 

e sh fish 
Al ewi fe 10.0 2.4 0.8 72.0 
Carp 10.0 15.0 0.5 73 . 0 
Herring 11.2 3.9 1.6 72.0 
Whiting 18.8 4.0 5.4 1.7 71 .0 

1i ma 1 meals 
Buttermi 1 k, dri ed 33.8 5.6 41.9 10.5 0.3 7.8 
Liver, dried 67.2 14.6 2.4 7.5 1.9 10.0 
Meat 55.0 12.0 1 .2 25. 0 2.2 10.0 
Skim milk, dri ed 34.8 0.9 50. 1 8.0 6.2 

nt meals 
Y-100 25.0 0.5 40.0 12.0 5.0 8.0 

Cottonseed 38.0 8.0 39. 9 6 .4 10.5 10.0 
Kelp 5.6 0.7 43.7 33.2 7.5 10.0 
i ed-dog flour 16 .8 4. 1 65.5 2 . 5 2 . 4 10.0 
oybean (expeller) 49.9 6 . 2 26.4 5.5 5 . 1 10.0 
olub1es, di s till e r I s 25.0 5.0 48.0 7.5 4.0 
heat middlings 17.8 5.0 62.8 3.7 4.4 10.0 
heat shorts 17.4 4.9 62 . 8 4.4 6.2 10.0 

enhaden 62 .0 7.0 0.8 21.0 2 . 4 10.0 
almon 55.0 10.0 
ardine 64.5 9.8 3.8 15.2 0.2 10.0 
hitefish 54.5 8.8 4.6 22.0 1. 0 10.5 
hitefish 68.0 2.0 3.6 19.0 0 .7 10.0 

Redfish 57.0 6.0 26.0 1.0 10.0 
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Table 8 

VITAMIN CONTENT OF SOME FOODS FOR HATCHERY TROUT 

Mill i rams of food 
Thia- P yr i - Ribo-

Food mine doxine flavin thenic Biotin Fo 1 i c Ni a- Cho-
B 1 B6 B acid aci d cin 1 i ne 

Fresh meats 0.61 0.24 1. 76 1.80 0.008 0.11 7.0 170 
He art, beef 

0.51 0.44 0.20 3.70 0.022 10.0 360 
Ki dney, beef 
Liver 

Beef 0.27 0.85 4.05 5.53 0.131 0.29 0.29 320 

Pork 0.52 0.33 5.40 5.00 0.044 19.0 470 0, 

Sheep 0.14 0.37 5.20 5.34 15.0 

Lungs, beef 0.20 0.07 0.49 1.80 0.003 6.2 0, 

Spleen 
Beef o. 16 0.12 0.45 1.10 0.011 0.15 7·5 o. 
Pork 0.24 O. 12 0.76 1. 60 0.004 0.12 4.3 208 

Fresh fish 
A 1 ewi fe 
Carp 0.01 0.02 0.9 
Herring 0.12 0.31 3.0 
Whiting 

Animals meals 
Buttermi 1k, dri ed 0.28 3.30 4.40 1.7 111 
Live r , dri ed 1.20 10.20 15.40 98.3 
Meat 0.12 0.60 0.80 6.8 189 
Skim milk. dri ed 0.35 0.45 2.05 3.30 0.039 0.03 1.1 160 

Plants meals 
BY-100 0.32 1.06 10.00 48.00 0.15 0.11 22.0 52 
Cottonseed 1. 30 0.69 0.40 1. 14 0.05 0.07 2.3 266 
Kelp 
Red-dog flour 2.18 0.24 1. 40 5.5 100 
Soybean (expeller) 1. 35 0.35 0.33 2.00 0.33 3.9 244 _. , 

Solub1es, distiller's 0.55 0.90 1 .10 2.20 0.03 0.11 12.1 550 
Wheat middlings 1. 32 0.73 0.31 1. 20 0.06 0.07 4.3 100 
Wheat shorts 1. 70 0.26 1.10 0.08 9.5 100 
Yeast, brewer's 11 .00 3.00 4.40 11 .00 2.50 2.00 47.0 440 0. 1 

Fish meals 
Menhaden 0.46 0.89 5.5 311 
Salmon 
Sardine 0.70 0.28 6.7 289 
Whitefish 0.09 0.21 0.96 1. 22 0.04 0.05 6.7 155 
Redfish 0.80 0.66 0.03 4. 1 311 
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A FEW SUGGESTED DIET MIXTURES FOR HATCHERY TROUT 

Mixtures for "mus h", blower and 

Ingredient 
cement-mixer feeds 17 

Cortland number Pellet mixtures 1/ 

6 6a 6b 6g Cortland Minneapolis New Jersey New York 

Dried skim milk 12 7 11 8 3 
Whitefish meal 12 12 12 40 16 25 24 
Cot tonseed me~l 12 12 12 12 15 24 15 15 
Wheat flour middlings 12 12 12 25 24 20 2411 
Distiller's solubles 12 12 12 11 15 21 
Red-dog flour 12 
Menhaden fish meal 12 
Poultry feeding oil 3 3 3y 3 
Dried brewer's yeast 5 10 10 10 1 0 
Salt 2 2 2 2 4 4 
Pork spleen 30 
Beef spleen 30 30 42 
Beef liver 20 20 20 

11 Amounts of ingredients are in percent. 

2/ 1.5 percent vitamin A and D powder and 1.5 percent of stabilized fat are substituted for the 
- feeding oil. 

}/ Red-dog flour may be substituted for wheat flour middlings. 



Table 8 

VITAMIN CONTENT OF SOME FOODS FOR HATCHERY TROUT 

Mi lligram s rams of food 
Thia- P yr i - Ribo - Panto-

Food mine doxine flavin thenic Bioti n Fo 1 i c Nia- Cho-
B1 B6 B acid acid cin 1 i ne 

Fr esh meat s 0.61 0.24 1. 76 1.80 0.008 O. 11 7.0 170 Heart , bee f 
0.51 0.44 0.20 3.70 0.022 10.0 360 Kidney , beef 

Live r 
Beef 0.27 0.85 4.05 5.53 0.131 0.29 0.29 320 
Pork 0. 52 0.33 5.40 5.00 0.044 19.0 470 
Sheep 0.14 0.37 5.20 5.34 15.0 

Lungs, beef 0. 20 0.07 0. 49 1.80 0.003 6.2 
Spl een 

Beef O. 16 0.1 2 0.45 1.10 0.011 0.15 7.5 
Pork 0. 24 0.1 2 0.76 1. 60 0.004 0.12 4.3 208 

Fresh fish 
Al ewi fe 
Carp 0.01 0.02 0 .9 
Herri ng 0.1 2 0.31 3 .0 
Whiting 

Animals meals 
Buttermi 1 k, dri ed 0. 28 3.30 4. 40 1.7 111 
Liver, dri e d 1.20 10.20 15.40 98 . 3 
Meat 0.12 0. 60 0.80 6 . 8 189 
Skim milk. dri ed 0.35 0.45 2.05 3.30 0.039 0 .03 1.1 160 

Plants meals 
BY-100 0. 32 1.06 10.00 48.00 0.15 0 .1 1 22.0 52 
Cottonseed 1. 30 0.69 0.40 1. 14 0.05 0.07 2 . 3 266 
Kelp 
Red-dog flour 2 .18 0.24 1. 40 5.5 100 
Soybean (expelle r) 1. 35 0. 35 0.3 3 2.00 0.33 3.9 244 
Solub1es, di s till e r I s 0.55 0.90 1 .10 2 . 20 0.03 O. 11 12.1 550 
Wheat middlings 1. 32 0.73 0.31 1. 20 0.06 0.07 4.3 100 
Wheat shorts 1. 70 0.26 1 .10 0.08 9.5 100 
Yeas t, brewer IS 11 .00 3.00 4.40 

Fish meals 
11.00 2 . 50 2.00 47 .0 440 0 

Menhaden 0.46 
Salmon 

0.89 5.5 311 

Sardine 0.70 0.28 6.7 289 
Whitefish 0.09 0.21 0.96 1 . 22 0.04 0.05 6.7 155 
Redfish 0.80 0.66 0.03 4. 1 311 
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A FEW SUGGE STED DIET MIXTURES FOR HATCHERY TROUT 

Mixture s for "mush", blower and 
cement-mi xe r f ee ds 17 

Ingr edient Cortland number Pellet mixtures 1/ 

6 6a 6b 6g Cortland Minnea~olis New Jerse~ New York 

Dri e d skim mi l k 12 7 11 8 3 
Whitefis h me a l 12 12 12 40 16 25 24 
Cot t on seed mea-l 12 12 12 12 15 24 15 15 
Wheat flour middlings 12 12 12 25 24 20 2411 
Distiller's solubles 12 12 12 I I 15 21 
Red-dog flour 12 
Menhaden fish meal 12 
Poultry feeding oil 3 3 3y 3 
Dried brewer's yeast 5 10 10 10 10 
Salt 2 2 2 2 4 4 
Pork spleen 30 
Beef spleen 30 30 42 
Beef liver 20 20 20 

~ Amounts of ingredients are in percent. 

2/ 1.5 percent vitamin A and 0 powder and 1.5 percent of stabilized fat are substituted for the 
- feeding oil. 

11 Red-dog flour may be substituted for wheat flour middlings. 
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Table 10 

COMPARISON OF GROWTH, CONVERSION, AND CALORIES AND PROTEIN REQU IRE D TO PRODUCE A 
POUND OF BROOK TROUT FED DIFFERENT DIETS 

Diet composition (percent) 

Pork spleen 48 
Beef liver 50 
Salt 2 

Pork spleen 50 
Dry meal 50 ~/ 

Por k spleen 30 
Beef 1 i ver 20 
Dry meal 50 y 

Number 
of 

observa­
tions 

10 

1 3 

2 

Avg. 
total 

Avg. 
total 

% conver-
gain sion 

Water temperature 

1,717 2.9 

1,854 2.9 

2,160 2.7 

Total Cal ories Grams of 
% cal. required protein 

protein per per lb. req. per 
i n the 1 b. 0 f 0 f f ish 1 b. 0 f 
diet diet oroduced fish orod. 
7oF.; 20-week experimental period 1 

18.3 415.0 1,204 238.6 

27.6 722.3 2,095 359.6 

27.3 744.0 2,088 334.8 

Water temperature varied with season (40oF. to 60oF.); 6-month experimental 
period 11 

Beef spleen 32 
Beef liver 16 
Dry Meal 52 y 
Pellets, 5 days weekly 
Meat mixture, 2 days weekly 21 
Pellets, 6 days weekly 
Meat mixture, 1 day weekly 21 

2 562 

2 634 

2 535 

1I Average weight of fish at start 0.5 to 0.8 gram. 

2.9 27.4 744.3 2,158 

2.1 35.3 930.7 1,954 

2.0 40.6 1,094. 1 2,1 88 

y Equal parts of cottonseed, wheat midds, dried skim milk, fish meal, and 4 percent salt. 

11 Average weight at start approximately 12 grams. 

357.6 

333.5 

363.8 

~ ___ ~ __ ~ __ ~ __ 4/ Equal parts of red-dog flour, cottonseed, f~sh meal, distiller's solub1es, and 4 percent salt. 
sa 1 t_ 
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