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Several experiments were carried out on Coturnix coturnix

japonica to investigate the effect of selection for growth on a protein

deficient ration. A level of 27% protein was found to be optimum for

three different strains and 17.8% was the lowest protein level used

that allowed for growth and accordingly this latter level was chosen as

that on which to carry out selection. Despite the fact that a statistical

analysis showed no difference between three strains, strain 908 was

chosen on the basis of the slightly better two-week body weight

on the deficient diet as well as for the fact that management

facilities did not permit continuing selection with all three strains.

The apparent lack of response to mass or individual selection

led to the adoption of progeny testing as a basis for selection. Two

weeks on the deficient diet immediately upon hatching was not

found to be significantly different from a selection standpoint from

one week on the normal diet followed by two weeks on the deficient



diet. Notwithstanding the lack of difference, the former was chosen

because it allowed economy of time and also a lower incidence of a

crop disorder observed in the course of the investigations.

A maximum response for two-week body weight of 7.6 gms

was observed after six series of matings over the control line. Her-

itability estimates for growth on a deficient diet based on full-sib

analysis were 0.17, 0.62 and 0.39 for sire, dam and combined

components, respectively, and 0.18 from parent-offspring regression

in the selected line. Realized heritability was 0.16. Maternal and

non-additive genetic effects were deemed to be important factors of

variation in growth. Egg weight increased by two grams as a corre-

lated response to selection for two-week body weight.

The sixth series showed the most notable changes. Fertility

and hatchability decreased by 10% from the fifth to the sixth series

and inbreeding which was negligible for the most part increased by

0.1 in the last series.

A significant genetic-environmental interaction in the incidence

of pendulous crop was noted. The incidence of this defect was suc-

cessfully increased by selection of affected birds. The condition was

apparently brought on by an increased water consumption induced by

a high sugar (cerelose) level in the diet.

Special emphasis was placed on determining whether selection

was for a specific resistance to the protein deficiency rather than for



an overall superior growth rate. As a result of the apparent failure

in the selection for a specific resistance to protein deficiency through

six series of matings and in view of a similar difficulty encountered

by investigators who worked with chickens, it is suggested that per-

haps tissue amino acid analysis or perhaps enzyme activity in the

selected line may be more sensitive criteria than body weight under

such experimental conditions.
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SELECTION FOR GROWTH IN COTURNIX COTURNIX
JAPONICA ON A LOW PROTEIN RATION

INTRODUCTION

A constant objective in food production is to improve its effici-

ency by increasing the ratio of output to input. In animal meat produc-

tion and especially in broiler production the objective is the rapid

transformation of feedstuffs into human food. This result can be

obtained by selection for rapid growth, the formulation of feeds re-

sulting in economical rapid growth along with improvement in manage-

ment and sanitation. One important aspect of economical and efficient

feedstuffs transformation into food in animal production is the possi-

bility of exploiting genetic variation in nutrient requirements, which

could result in more efficient use of limited resources. This would

appear to be an important aspect to investigate in these days of com-

petition for limited feedstuffs supplies, especially in economically

less developed areas of the world.

The Japanese quail, with many of its characteristics being

comparable to those of chickens, offers advantages over chickens

in terms of time, space and feed requirements. For these reasons

it has been recently adopted as a pilot animal for other gallinaceous

species as reported by Wilson et al. (1959), Padgett and Ivey (1959)

and Wilson et al. (1961).
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Choice of environment and of selection methods has gradually

become of increasing importance in a breeding program to improve

a desired trait, and yet it has not been resolved with complete cer-

tainty. Since the original disagreement between Hammond (1947)

and Falconer (1952) the trend has been to use an unfavorable envi-

ronment for maximum selection results. Despite this, however, a

casual review of the literature shows that there is still some disagree-

ment as to the exact method of implementing this knowledge.

This study is intended to throw additional light on the difficult

task of determining the best conditions for optimal selection response

in developing a line of Japanese quail resistant to a protein deficiency.

It deals with an attempt to develop a line of quail that could grow rap-

idly on a minimal amount of protein. Genetic variation manifests

itself in the response to diets deficient in various nutrients which

must be at least in part a function of genotype. Selection is the best,

if not the only tool, to study these problems and to increase the effici-

ency with which animals can utilize less expensive diets.
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REVIEW OF LITERATURE

Genetics according to the dictionary definition is: "the science

dealing with the interaction of the genes in producing similarities and

differences between individuals related by descent." These similari-

ties and differences can be morphological as well as physiological and

are observed in breeds, strains and families. They are the result

of natural and artificial selection. Some physiological differences

can be brought out by planned or experimental nutritional deficiencies.

Minerals

The earliest indication that variation in the utilization of cer-

tain nutrients was of a genetic nature came about as a result of study-

ing a common disorder in chickens called "slipped tendon" or perosis

(Serfontein and Payne, 1934). As evidence of the genetic nature of

this disorder, these two workers were able to show that in selected

"straight leg" Rhode Island matings 18.6% of the offspring were

perotic; whereas, in selected "crooked-leg" matings 50% of the

offspring were affected. Furthermore, on an identical diet 14% of

the chicks in the Rhode Island Red breed came down with slipped

tendon as compared to only one percent in the White Leghorn breed.

These observations of genetic variation were confirmed by later

studies carried out by Gallup and Norris (1939), who found that
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White Leghorn chicks could tolerate a diet as low as 30 ppm in

manganese without exhibiting perosis while New Hampshire chicks

on the other hand showed a 4% incidence of perosis even on a diet

containing as high as 100 ppm manganese. That this disorder could

be reduced by selection was indicated by Rosenberg and Tanaka (1951)

who reported that New Hampshire chicks reared for many generations

on wire in Hawaii had a much lower incidence of perosis after 12

weeks in wire cages than those imported from the United States where

they were commonly reared on floors with litter. Since all birds

were fed a diet unsupplemented in any way, Rosenberg and Tanaka

suggested that selection must have been practiced against unknown

genes for a higher requirement or defective assimilation of either

manganese, biotin, pantothenic acid, nicotinic acid, choline or pos-

sibly methionine, singly or in combination, all affecting perosis.

Vitamins

The same year that Serfontein and Payne were doing their

studies on perosis, Nichita published two papers (Nichita and

Iftimesco, 1934, Nichita et al., 1934) regarding differential

storage of thiamine in chickens. White Leghorns appeared to

have low requirements for this vitamin and a marked resis-

tance to polyneuritis. White Leghorn hens were able to survive

for as long as 49 days on a thiamine deficient diet while Rhode Island
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Red hens survived only 21 days. Confirming and expanding this

study Lamoreux and Hutt (1939) crossed and progeny tested coatings

of Rhode Island Reds with White Leghorns and found that the cross-

bred chicks were intermediate between the parents in their require-

ments for Vitamin Bl.

Following these pioneer studies many other workers were able

to find breed differences for various other vitamins. White Leghorns

were superior to Rhode Island Reds and Barred Plymouth Rocks in

utilizing thiamine (Scrimshaw and Hutt, 1945) as shown by higher

thiamine content per 100 g yolk. However, the thiamine content of

the egg was affected not only by breed, but also by the type of diet,

particularly in White Leghorns (Mayfield et al., 1955). Of three

diets having practically the same thiamine content (approximately

4.5 mcg/g feed), those containing fish and dried whale solubles

caused significant increases of thiamine content of the egg over the

control diet, namely 1.17 and 1.12 as compared to 1.00 mcg per

gram whole egg for the control diet. Since this could not be explained

in terms of the thiamine consumed, the data indicated that some fac-

tor or component of the fish and whale diets, other than thiamine,

and which only White Leghorns appeared able to utilize, affected the

thiamine content of the eggs. A difference in thiamine content of

eggs from White Leghorns and heavier breeds was also observed by

Howes and Hutt (1956).
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White Leghorns, moreover, were able to subsist on a pyridox-

ine supplemented diet which was not adequate for Rhode Island Red

and Plymouth Rock matings (Lucas et al., 1946). White Leghorns

also gave better performance than heavy breeds in relation to their

supply of Vitamin D3 (Olsson, 1949). Rhode Island Reds and Light

Sussex required more Vitamin D3 than White Leghorns to obtain

the same bone calcification, probably due to their higher growth

rate. Olsson linked this with Ca and P levels as well. White Leg-

horn chicks required 289 AOAC units of Vitamin D3 per kg normal

diet containing 1.67% Ca and 0.71% P as compared to 3600 AOAC

units of Vitamin D3 per kg of diet containing only 0. 53% Ca and 0.44%

P.

The list of vitamins for which White Leghorns have a lower

requirement than other breeds cannot be extended to include vitamin

A. Single Comb White Leghorns required 1732 USP units of Vitamin

A per kg feed as compared to 1111 and 832 for White Plymouth Rocks

and White Mountains, respectively (Donovan, 1965). A difference in

the utilization of Vitamin A was also noted by Olsen et al. (1964) be-

tween Columbian Rocks and New Hampshires, the latter gaining

more weight and depositing more Vitamin A in their livers than

Columbian Rocks, when both were fed an identical diet with 600 I. U.

of Vitamin A per lb. of ration as well as the same amount of carotene

per lb. of ration.
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In the case of riboflavin, Mayfield (1955) noted that New Hamp-

shires deposited 3.58 mcg and White Leghorns 4.24 mcg per g of

whole egg when both breeds consumed the same amount of riboflavin

per g of feed. Numerous other examples concerning riboflavin were

reviewed by Hutt (1958, 1961), Olsen et al. (1964) and Ne-sheim (1966).

Carbohydrates

There is as yet no known genetic carbohydrate metabolic dis-

order reported in poultry, although many cases have been recorded

in humans. A brief review of some of these gives a valuable insight

into the biochemical nature of genetic differences involved in the

assimilation of nutrients. "Inborn errors of metabolism, " a term

first coined by Garrod (1909) gives a clue regarding the very nature

of the problem. One of these is pentosuria, caused by lack of L-

xylulose dehydrogenase in the metabolic cycle. Two types of glycogen

storage disease due to either the lack of glacose-6-ph.osphatase or

amylo-1-6-galactose-l-phosphate uridyl transferase are responsible

for the fatal condition galactosemia.

Amino Acids

Unlike carbohydrate disorders which serve as excellent exam-

ples of genetically caused diseases and appear to occur mostly in

humans, amino acid disorders occur widely, not only in humans
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(cystinuria and phenylketonuria), but also in other mammals and in

birds. A case in point is the unique ability of White Leghorns to

utilize methionine as contrasted to Australorps (Mc Donald, 1957,

1958). Since both breeds are able to utilize cystine and since cys-

tine can be synthesized from methionine, Mc Donald concluded that

the inability of Australorps to utilize methionine could be due to a

block in the synthesis of cystine from methionine. However, a few

years later it was shown that Australorps were able to convert enough

methionine to support growth, although to a lesser extent than White

Leghorns (Miller et al., 1960).

In 1962, Nesheim and Hutt found that two of three White Leghorn

strains required 25% less arginine than the third which needed a total

of two percent arginine in its diet for maximum growth. By eliminat-

ing a known source of variation in arginine requirements, namely

feathering, they were able to pin down the difference as being con-

cerned specifically with genes dealing with arginine utilization.

In another case Enos and Moreng (1965) noted that different

sires fed a lysine deficient diet transmitted to their offspring varia-

tions in lysine utilization resulting in growth differences. They found

that male offspring had a lower growth response than female offspring

under low-level-lysine conditions.

In addition Begin (1969) indicated that there are breed differ-

ences in the utilization of nitrogen regardless of the source of
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calories. The breeds studied were the New Hampshire, White

Plymouth Rock and White Leghorn, with the highest nitrogen effi-

ciency and weight gain being observed in the White Plymouth Rock.

Finally, although all these references deal with the lack of a

single amino acid, they are of great significance since "deficiencies

of any one essential amino acid affect the synthesis of protein and

thereby growth just as much as the total absence of all amino acids

or protein" (Almquist, 1947).

Water

Water plays an important part in the ability of the body to utilize

nutrients. That water intake may be genetically influenced was re-

ported by Buss and Murphy (1965) who found statistically significant

correlations for the visual score of (excreta and water/feed) ratios

and for the (water/feed) ratios of immature and mature birds. They

concluded that an excessive water intake in a line of White Leghorns

was determined by an autosomal recessive gene. In 1968 Dunson and

Buss carried out an interesting study on this mutant strain of chickens

with hereditary polydipsia and polyuria. As a possible explanation

the authors suggested the failure of hypothalamic arginine vasotocin

(AVT) synthesis or a failure of kidney, intestine or cloaca to respond

to AVT synthesis, either of these reasons being sufficient cause for

excessive secretion of urine. Another explanation, offered but
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untested by the authors, was that perhaps diabetes insipidus birds

may have a defect in the neural thirst centers causing abnormal

thirst. Yet another genetic condition governing water requirements

was noted where some Leghorn pullets were able to maintain a higher

level of egg production than other birds in the same pen despite a

lack of water for 36 hours (Sunde, 1967).

Metabolism

Wietlake et al. (1954) studied the importance of arginine in the

diet of chickens. They found that an arginine deficiency was reflected

in high weight variability. In an attempt to replace arginine they

found that creatine to a large degree could replace arginine, but not

totally, and that it was unnecessary when the arginine supply was

adequate. Their results showed that (1) variability in growth was a

reflection of the inadequacy of the diet, (2) too high a variability in

growth on a given diet implied a dual function of the deficient nutrient

and (3) in not being able to replace arginine completely they confirmed

the work of Arnold et al. (1936) that arginine was an absolute neces-

sity in the chick diet, even when supplemented by another nutrient.

In 1962 Griminger and Fisher found that Cornell random bred

Leghorns showed an inherited growth differential when fed arginine

and lysine deficient diets. Since birds grew slowly on an arginine

deficient diet, but well on a lysine deficient diet, they concluded that



11

growth on an arginine or lysine deficient diet was unrelated. Rank_

of dams based on growth potential of offspring given a complete ration

was similar to that obtained on the arginine but not the lysine-deficient

ration. However, the coefficient of variation was largest on the argi-

nine deficient diet and lowest on the complete diet, indicating that

although the growth response was similar the variation and conse-

quently the susceptibility to this deficiency was greater than on the

complete diet.

Another facet of arginine metabolism was noted by Tamir and

Ratner (1963) who found that although the chicken has no normal meth-

od of synthesizing citrulline, it has in the kidney the enzymes neces-

sary to convert it to arginine. Thus,the chicken cannot utilize ornith-

ine since the enzymes for converting it to citrulline (carbamyl phos-

phate synthetase and ornithine transcarbamylase) are missing from

the liver and extrahepatic organs. Therefore, enzymes dealing with

conversion of citrulline to arginine (argino- succinate synthetase and

argino-succinase) are vestigial in nature and have their origins in

the prehistoric past.

Studies of the variation in arginine requirements depending on

the type of protein used as a basal diet were carried out by O'Dell

and Savage (1966). They compared casein, soybean protein and

sesame meal. The main significance of their experiment was not

the effect of an arginine deficiency as in the case of casein, nor of
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a lysine deficiency as in the case of sesame meal, but rather in the

effect of their ratio to one another, which cannot be disturbed without

adverse effects. They termed this the lysine-arginine antagonism.

Further evidence of lysine-arginine interaction was reported

by Nesheim et al. (1967). By comparing two strains of White Leg-

horns (high arginine and low arginine) on two types of amino acid

diets they found that the differences between the two diets were insig-

nificant compared to the effects of a casein diet. These results

agreed with the conclusion of O'Dell and Savage (1966) that strains

reflect a difference in tolerating the particular amino acid imbalance

present in casein and not a difference in arginine requirements. Since

these strains were selected on a casein diet this might be the reason

for the difference. Finally their study showed that the matter of

arginine requirements is one of the ratio of lysine to arginine rather

than one of some absolute amount of arginine.

A condition related to a deficiency of riboflavin in breeder diets

was noted by Hutt (1951). He reported a bareback condition in chicks

associated with black down accompanied by reduced hatchability.

The embryos that did not hatch showed a peculiar granular down

called "clubbed down. " A similar condition was also reported in

black ducks (Hawes, 1965) and in black turkeys by Hawes and Buss

(1963).

Studying the higher mortality associated with black down color



13

Bernier and Cooney (1954) observed a breed difference between

Australorp and Cornish embryos in their riboflavin requirements

attributable primarily to differences in their pigmentation. Black

Australorp embryos have a lower mortality on a riboflavin deficient

diet than entirely black embryos segregating from White Cornish dams

due to the fact that they have a white ventral area. Similarly, barred

embryos were also able to hatch on less riboflavin than entirely black

embryos. These observations indicate an antagonism between the

production of melanin and the utilization of riboflavin in black embry-

os.

Another interesting genetic condition involving riboflavin was

discovered as a mutant strain of Single Comb White Leghorn by Maw

(1954). The condition was later determined to be one of low content

of riboflavin in the blood and was revealed by isotope tracer studies

not to lie at the point where riboflavin is absorbed into the blood

(Cowan et al. 1966). Furthermore, the abnormality was narrowed

down as being present only in the blood and not in any of the organs.

Thus, the problem appeared to be one of retention and not one of

absorption, but estrogen which is supposed to increase retention had

no effect except to increase the riboflavin content in the urine. The

effect of estrogen appeared to be cancelled by an impairment in the

kidney retention mechanism. Since several compounds that are known

to interfere with kidney function enhanced the phenomenon the problem



14

was definitely traced to a metabolic block in the renal retention

mechanism. Riboflavinuria was the name given to this condition

and it joined many other "inborn errors of metabolism" in the cata-

log of genetic variation.

Selection Experiments for Growth and Body Weight

General

In 1947 Hammond suggested without experimental evidence that

selection for a superior performance had the highest chance of suc-

cess in a favorable environment rather than in an unfavorable one

In 1952 Falconer and Latyszewski found the reverse to be true in

selecting two lines of mice for high body weight, one on a full diet

and one on a restricted diet. When the two lines were exchanged on

the two diets it was found that the line selected on the full diet did

worse when fed the restricted diet: than the line selected on the re-

stricted diet had done on the restricted diet. According to this result

they concluded that a poor environment was superior to a good envi-

ronment in selecting for body weight.

In 1960 Falconer reported further on selection for high and low

body weight of mice on a full and on a restricted diet. Some individ-

uals from each of the four lines in each generation were tested on a

diet opposite to the one on which they were selected. He found that

selection on a high plane improved growth only on a high plane,
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whereas selection on a low plane improved growth on both the high

and the low planes.

Many w ')rkers have confirmed Falconer's 1952 results with

mice; Becker (1958) with chickens, Fowler and Ensminger (1960)

with pigs, Dalton (1967) with mice and Hardin and Bell (1967) with

Tribolium. They all agreed that selection in the least favorable

environment is more likely to bring about high performance under

a variety of conditions; and suggested that selection should be car-

ried out in an environment similar to the one under which the ani-

mals were to perform. The results of Park et al. (1966) differed

from those of Falconer, and they stated that a line gives better re-

sults on the diet on which it was selected than on any other diet on

which it subsequently may be tested. Thus this research gave indi-

cations that Falconer's generalization that the superiority of an infer-

ior selection environment may still be inconclusive.

Falconer attempted to probe deeper into the nature of the differ-

ence in the effects of a high compared to a low plane of nutrition, and

in 1960 reported that "growth rate on a low plane of nutrition might

be principally a matter of efficiency of food utilization, whereas on

a high plane of nutrition it might be principally a matter of appetite. "

In the same paper he also studied the feed consumption and effici-

ency of gain of the four lines on both diets and reported that "the

nature of the restriction to growth imposed by the low plane of nutri-

tion was thus in the amount and not in the quality of the food ingested.
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The efficiency of gain was thus much less on the low than on the

high plane, presumably because more energy had to be expended in

getting the food."

The next stage consisted of selection studies carried out with

the idea of developing resistance to a deficiency of a specific amino

acid or vitamin. An unsuccessful experiment from this point of view

was carried out by Lerner and Bird (1948) who ended up with a line

which had overall superior growth rate rather than a specific resis-

tance to riboflavin deficiency. The workers used three-week body

weight in chicks as a criterion of selection after feeding a normal

diet for the first week after hatching followed by two weeks on a de-

ficient diet. Repeating the attempt, but using more rigid controls

for their selection, Lamoreux and Hutt (1948) succeded in producing

two lines differing specifically in their genetic requirements for ribo-

flavin. Besides using more severe conditions (i. e. body weight based

on five weeks on a deficient diet followed by an additional week on a

deficient diet for the resistant strain, and body weight based on three

weeks on a deficient diet for the susceptible strain), they used tested

dams or hens (progeny tested with untested sires and bred with tested

sires) to produce the first generation as well as testing pullets from

each of the two strains to check if resistance in each of the two strains

was hereditary or not, and it was. With all these precautions after

six generations of selection, they obtained two strains which behaved
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similarly on an adequate diet but differed by 22 grams on a deficient

diet (based on five week body weight).

Using the method of pairing eight-week body weights, Hess et al.

(1962) were also successful in isolating two lines differing only in their

ability to utilize methionine. Since selection was based on three-week

body weight on the deficient diet, but breeders for successive genera-

tions were chosen on the basis of paired eight-week body weights, the

two selected lines showed different behavior depending whether one

looked on three-week or eight-week body weights. Thus judging by

three-week body weights, although on the deficient diet, the slow line

weighed less than the control and the fast line more, on a control

diet they were the same, therefore, indicating a specific difference

in resistance to methionine deficiency. The same could not be in-

ferred for the two lines if one judged them on the basis of eight-week

body weight. The slow line performed in a superior fashion regard,

less of the diet used (normal or deficient) indicating perhaps an inher-

ent superiority rather than a specific resistance to methionine defi-

ciency, thus making Hess's results somewhat ambivalent. Selecting

lines on a methionine deficient diet, but using no pairing, Lepore

(1965a, 1965b) selected .a fast and a slow line on a normal diet (Fn and

Sn) as well as on a deficient diet (Fd and S ). He did not succeed in

his selection for a specific difference in methionine utilization since

at an adequate level of methionine (0. 39 %) the fast line still performed
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significantly better than the slow line indicating that it had superior

growth regardless of diet rather than a specific resistance to methi-

onine deficiency. However, he found that the lines developed on a

normal diet showed little difference in performance from those de-

veloped on a deficient diet.

In 1966 Hutt and Nesheim added to the knowledge of selection

methods for resistance to a nutrient deficiency by reporting that

selection efficiency could be improved by progeny testing. In addi-

tion cockerel test matings for each generation served as criteria of

selection since offspring of proven matings might be too highly se-

lected. Accordingly, they were able to (1) select a low arginine re-

quirement line that was able to attain 82% of the control weight, (2)

find that no overlapping existed between the two lines even in the first

generation and (3) increase the difference between the two lines with

the average weight of the low line in the 4th generation being 110 g vs

258 g for the high line. In 1968 they continued testing the high and

low lines developed in their 1966 experiment by carrying out recipro-

cal crosses between them. These yielded an F
1

generation which

was intermediate between the parent lines in its utilization of arginine

as measured by rate of growth on the test diet. Similarly, chicks

from reciprocal backcrosses of F1 birds to both parental strains were

intermediate in performance between the F
1

and the parental line

concerned. These results showed that the difference between the
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high and the low strains in the utilization of arginine was polygenic.

Any researcher might do well to take into account Wilson's

(1967) reminder stressing the importance of establishing overall

growth rate for three weeks on a normal diet as a comparison of the

performance on a deficient diet from three to six weeks. He stated

that this could also be done by starting on a deficient diet at birth,

but keeping other family members on a normal diet for comparison.

Variation due to appetite could be controlled by insuring uniform feed

intake. All these suggestions should aid in selecting for resistance

to a nutrient deficiency.

Protein and Amino Acids Requirements
of Coturnix coturnix japonica

For some years experiments have been carried out with the

general objective of exploring the feasibilities of using the Japanese

quail as a pilot animal for other gallinaceous species. One stimulus

for this effort was the initiation of research in controlled environ-

ments. For this type of work a small bird which resembled chickens

and turkeys in their physiological response to light and temperature

changes was needed. Japanese quail appeared promising and were

acquired in 1957 by the California Agricultural Experiment Station

(Abplanalp, 1967). It soon became apparent that Japanese quail were

suitable, not only for management and nutrition studies (Wilson et al.,
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1961), but were also promising as pilot animals for genetic research.

In 1967 Weber and Reid determined the dietary protein and en-

ergy requirements of immature Coturnix coturnix quail to five weeks

of age. Day-old Japanese quail were used and the source of protein

was soybean meal (44% protein) supplemented with methionine. The

levels of protein were 15%, 20%, 25%, 30% and 35%. The productive

energy level was 2068 kcal per kg feed and all diets were isocaloric

by alteration of the dietary glucose monohydrate and fat levels. Weber

and Reid found that growth rate reached a plateau at 24% protein and

that average body weight at 5th week was 105 g. In another experi-

Tnent they tested productive energy levels with isonitrogenous diets

and found that 1980 kcal per kg feed produced optimum growth. Their

results indicated that protein levels and Ca/P requirements of poults

and chicks were the same as those of Coturnix coturnix quail.

Begin (1968) studied the sensitivity of Japanese quail breeder

hens to the protein level of the diet. His results showed that a satis-

factory reproductive performance was obtained with a diet containing

20. 7% protein.

In 1965 Goodman concluded that repeatability of egg traits in

Coturnix quail was of the same magnitude as in chickens. The traits

studied were egg weight, egg shape index, specific gravity, albumen

height and shell thickness. The repeatability estimates for these

traits were 0. 72, 0. 52, 0. 35, O. 54 and 0.45, respectively.
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The effect of selection in Japanese quail based on six-week

body weight was studied by Collins and Abplanalp (1968). Mass selec-

tion was carried out on three populations and a 20 g difference was

achieved between the selected line and the base population. Sexual

dimorphism became evident at three weeks and increased with age;

females being heavier than males by five grams. In addition repro-

ductive organs, especially of females, responded to selection for

total body size in a correlated fashion.

Godfrey (1968) selected Japanese quail for percentage growth

rate at four weeks of age on a lysine deficient diet. The birds were

fed an adequate diet for two weeks after hatching and then were

switched to a lysine deficient ration for the following two weeks.

Over a period of ten generations of mass selection, the F line (select-

ed for growth rate on adequate lysine) responded only slightly to selec-

tion. There was no change in percentage growth rate in the D line

(deficient lysine diet). Pooled heritability estimates at four weeks

of age were 36%, 31% and 26% for the full, deficient and control lines,

respectively. The selected and control lines were tested on the two

kinds of feed. On the deficient feed the D line grew significantly

faster than either the F or C lines, indicating that even though the

pure D line did not respond to selection as such on the deficient feed,

selection must have been effective in changing lysine requirements,

but the better environment was required for expression of the genetic
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change. Feed consumption and feed conversion were 130.6 gms and

4.45 gms feed/gm gain respectively, for the deficient line and

143.5 gms and 3. 02 gms feed/gm

trol.

gain, respectively, for the con-

Lepore and Marks (1968) selected Japanese quail for growth

rate to four weeks on both an adequate and a protein deficient diet.

Their data indicated that for optimum growth quail have protein re-

quirements of about 24% and metabolizable energy requirements of

3080 kcal per kg of diet. Marks and Lepore (1968) further investi-

gated the influence of individual selection for four-week body weight.

One population was mass selected on an adequate 28% protein diet

(P) and the second on a 20% protein diet containing 0. 2% thiouracil

(T). Body weight increased 18.2 gms and 21.6 gms in the P and T

lines respectively after six generations of selection. Females were

significantly (P < 0.01) heavier than males in both populations. The

heritability estimates for two-week body weight were 0. 25 for both

lines and for four-week body weight, they were 0.52 and 0.35 for the

P and T populations, respectively, using regression of progeny on

mid-parent. Non-additive and maternal effects were around 0.07

and this suggested their limited importance in both lines. In 1966

Ghany et al. reported correlation coefficients for egg weight and

quail hatching weight as being 0.72, 0.19 and 0.05 for males and

0.77, 0.06 and 0.04 for females at day-old, two weeks and four
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weeks of age, respectively.

Genetic Environment Interaction

Many studies have been carried out relating egg size or egg

weight to subsequent chick growth and body weight. The earliest of

such studies was carried out by Halbersleben and Mussehl (1921) who

noted that chick weight at hatching was about 64% of the unincubated

egg weight. The relationship was not found to extend past the fifth

week. In 1950 Wiley found that a relationship existed between egg

size and rate of embryo growth as well.

In 1952 Kosin et al. using different strains of chickens found

that the body weight of chicks at hatching time was influenced by egg

weight as well as by breed and sex. They concluded that mean growth

rate was greater in chicks from large eggs than from small eggs.

McNary et al. (1960) carried out all possible combinations of

matings between two inbred lines of White Leghorns, one inbred

line of New Hampshires and one inbred line of Rhode Island Reds

in order to define the relationship between egg size and embryo

weight. They reported that egg size explained only 0.06% of the

variation in embryo weight at one week of age and only three percent

of the variation in two-week embryo weight. They measured embryos

at three stages: number of somites at 38 hours and embryo weight

at one and two weeks of incubation. Genetic differences in growth
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rate were observed at all three stages and they also observed that

crossing had a beneficial effect whereas inbreeding had a detrimen-

tal effect. In addition embryos from heavy lines were consistently

larger than those from White Leghorn lines. In 1962 Bray et al.

used several breeds in studying embryonic and early chick growth

in relation to egg weight: broiler types, White Rock and White Cornish

as well as egg production types like White Leghorn and one intermed-

iate type, White Hampshire. Forty chicks from each strain were

weighed on the hatching day and at weekly intervals to eight weeks.

At hatching time chick weight was found to be around 71% of unin-

cubated egg weight for all strains. The correlation between chick

weight and egg weight dropped off rapidly as the chick grew and

reached 0.3 at two weeks. The correlation between embryo weight

and parent weight increased to 1.0 at 11 days and started to decrease

at 15-18 days and at hatching time the correlation became -0.1.

This point indicated that chick weight at hatching time depended on

unincubated egg weight. They also suggested that the relationship

between egg size and chick growth varies from strain to strain.

That maternal effects play an important part in influencing

growth has been known for some time. Hazel and Lamoreux in 1947

estimated the influence of maternal effects by measuring the heritabil-

ity of variation in 22-week body weight. Their results showed that

dams affect body weight to a greater degree than sires at 22 weeks
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indicating a marked maternal effect. Averages of the values from

three series of matings showed heritability to be 31. 6% and maternal

effect to be 5. 1%. Maternal effects were found to contribute signifi-

cantly to various traits of the progeny during selection (Lerner, 1950),

since the nutrients supplied by a given dam to a successive series of

her eggs may show qualitative and quantitative differences from those

produced by another dam. Goodwin et al. (1964) measured maternal

effects in the progeny of full sisters differing in age by one year and

mated to the same sire and they found significant differences in 31-

week weight of progeny, with two year old dams producing heavier

offspring because of a larger egg size. Hatchability was 3. 27% higher

in one year old dams than in two year old dams over a four-year per-

iod. Indications of differences were found regarding death from neo-

plasms and sex ratio in day-old chicks. Considering these data one

should, however, be well aware that maternal effects are subject to

the following variations: (1) they may diminish as the progeny's own

genes and environment begin to exert an effect (2) they are dependent

on health of the mother and thus may be transient and (3) they are

dependent on age of parent.

Finally, Dickerson (1955) postulated that the relative selective

advantages of some genes may change with the environment, whereas

others may be quite stable in their expression. Because of changes

in climatic conditions, nutrition and management practices, the
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average environmental conditions seldom remain the same during

successive generations in the course of a selection program. Appar-

ently the genes which produce consistently similar effects under

different environments are expected to reach fixation or elimination

depending upon their effect on a selected trait. In addition, the genes

with variable expressions are likely to remain segregating in the

population with their frequency fluctuating in successive generations.

The interesting feature of this phenomenon would be that after some

generations of selection, the genetic variability of a population will

be largely determined by the genes with unstable effects on the pheno-

type. Therefore, such a population is not likely to respond to selec-

tion in spite of its genetic variability. A similar hypothesis was sug-

gested by Haldane (1932).
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GENERAL PROCEDURE

Foundation Stock

The populations in which selection was initiated consisted of

the three strains of quail maintained at the Oregon State University

Agricultural Experiment Station: namely, OSU, 908 and White Shell

(WS). The OSU strain was obtained in 1960 from the Oregon Game

Commission, Hermiston, Oregon, which secured it originally as

mature stock from the Oklahoma State Game Commission. Strain

908 came from Taiwan (Sittmann et al., 1966) and was established

at the University of California, Davis, California where it has been

maintained since 1966. The White Shell strain came into existence

at Beltsville, Maryland, when Poole in 1963 isolated an autosomal

recessive mutation for white egg shell color from a normal colony

of Japanese quail. The last two strains were obtained from the De-

partment of Avian Sciences, University of California, Davis, Cali-

fornia, in 1966.

Experimental Plan

The study reported herein includes seven experiments conducted

over a period of two years. The first experiment involved determin-

ing the optimum protein level for growing Japanese quail by feeding
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them several protein levels. The second experiment was carried out

on three strains of Japanese quail to choose one for continued selec-

tion. The third experiment was carried out to determine the best

feeding regime for optimum response to selection for body weight.

The fourth experiment was to determine the extent of maternal effect

by measuring the correlation between egg weight and body weight at

hatching time and at one and two weeks of age. In the fifth experi-

ment, to test for effectiveness of selection for resistance to protein

deficiency, birds from both lines, the control and selected, were

tested on both the control and deficient diets. The sixth experiment

was conducted to determine whether the selection was effective in

changing the protein requirements of growing quail. Finally, in the

seventh experiment, a study was conducted on pendulous crop, an

abnormality which was noticed early in the selection program. Mass

selection was carried out to attempt to increase the incidence of the

defect and to determine its probable cause by testing the birds on

different diets.

Control Population

A control population is usually maintained for the following rea-

sons: (1) to assess the magnitude of short term fluctuations in envi-

ronment and to furnish a means of correlation; (2) to maintain genetic

constancy over a period of time, thereby enabling the evaluation of
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long term trends in the environment; and (3) to serve as a gene pool

with known genetic parameters (Gowe et al., 1959). Thus, by allow-

ing for separation of environmental and genetic trends, a control

population provides a measure of selection progress. Furthermore,

it must also be related to the selected population in order that the

interaction between the genotype and environment would not lead to

faulty comparisons (Bray et al., 1962). Accordingly, the control

population in this study was the same as that from which the selected

line was developed and consisted of strain 908 Japanese quail. Two

controls were used at all times, one on a deficient and the other on

a normal diet. Both selected and control birds were reared under

the same environmental conditions.

However, one should recognize that even a control flock popula-

tion may experience genetic changes during a selection experiment

which may be due to (1) random changes of gene frequency due to

genetic sampling (drift) or (2) directional changes due to natural

selection.

Management

Management practices and facilities remained as constant as

was possible to maintain over the period of the study. During the

regular hatching period a record of eggs set for each mating was

kept along with information on infertility, embryonic mortality and
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Figure 1. The Battery Brooder (A and B) and the Adult Cages
(C and D) Used during the Experimental Period.
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hatchability. All unhatched eggs were broken to determine fertility

and, in the case of embryonic mortality, the approximate age and

cause of death were ascertained. The chicks from each hatch were

brooded in the battery depicted in Figure 1. Only one disease out-

break was observed. Some of the breeders and progeny from the

fourth series of matings that died were autopsied by the 0.5. U. Vet-

erinary Diagnostic Laboratory and were found to have suffered from

pneumonia. The disease spread rapidly and attacked all the quail in

this location, but the source of the infection was never ascertained.

The birds were given an antibiotic mixed with the feed for a week

when the disease appeared to have subsided. Body weight was meas-

ured at two weeks of age in male and female chicks. Since it is diffi-

cult to distinguish the sex accurately at two weeks of age, the birds

usually were kept for an additional week to determine sex prior to

selection.

Batteries

In all experiments, except Experiment III, the chicks were

placed in electrically heated batteries with raised wire floors (Figure

1A) designed and constructed by the Department of Poultry Science.

These batteries were modified metal rat cages partitioned with a

wooden divider and placed four in a row, back-to-back, on a table

constructed for their use. The front, top and bottom of the cages
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were constructed of 1.5 x 1.5 cm wire mesh. The backs and sides

of the cages consisted of sheet metal. Each cage measured 25 cm

high, 21 cm in length and 18 cm in width. Removable wire floors

of 0.5 x 0.5 cm wire mesh were placed in each cage for the first

week. Heat was supplied by means of a heating element placed under

each cage and by four 125-watt infrared heat lamps, located about 23

cm above the top of the cages, which permitted the maintenance of

a temperature of 95-100oF at floor level. The room temperature

was maintained at approximately 75-80°F. Water was provided con-

tinuously by Hart water cups. Feed was supplied by a gravity-flow

self-feeder which hung outside each cage with a rectangular opening

cut in the wire mesh. The flow of feed in the feeders could be adjust-

ed by use of a metal slide.

The chicks in Experiment III were placed in an electrical chick

battery brooder (Figure 1B) manufactured by Oakes (Oakes Mfg. Co.,

Tipton, Indiana). This was provided with overhead electric hovers

and Hart waterers. The feeders were modified as those described

in the first battery. The battery had four decks each of which was

partitioned into four compartments having the dimensions (length x

width x height) of 89 x 41 x 36 cm and housing 40-50 birds per com-

partment up to two weeks.

The finishing battery (Figure 1C), Wes-Bilt, (Wes-Bilt Mfg.

Co., Inc., Hayward, California) was used to keep the breeders for
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Experiment II, the breeders which were selected from Series 6

as well as the progeny from those used in Experiments IV, V, VI

and VII. Heat was supplied to the finishing battery room by an elec-

trical space heater and water was furnished by continuous flow water-

ers.

The Breeding Cages

The selected sires and dams were transferred at sexual matur-

ity to another room and placed into individual cages (Figure 1D) de-

signed by Mr. F. Turner, the supervisor of the OSU Experimental

Poultry Farm. The cages were constructed of welded wire screen

mesh (0. 6 x 2.5 cm) and their dimension (height x width x depth)

were 17 x 20 x 15 cm and 17 x 10 x 15 cm for females and males,

respectively.

Light and Temperature

Lighting was left on for 24 hours, except in the breeder room

where the light was kept on only 14 hours during the day. Tempera-

ture varied according to age of the birds. Day-old chicks were put

in battery brooders for two weeks with access to temperatures to 950 F

After two weeks and until sexual maturity chicks were kept in a room

where the temperature was 80°F. The selected birds were trans-

ferred to the breeder room where the temperature varied between
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Feeding was maintained as uniform as possible throughout the

study. After the testing period the birds were given a chick broiler

ration (No. 1110, 1962) until sexual maturity. Then the breeders in

the individual cages were fed a chicken layer type ration (No. 1327,

1966). Both rations were formulated by Arscott (1967) and have been

used at the Oregon Agricultural Experiment Station on a regular

ba'sis. The composition of these rations is given in Table I. Feed

and water were supplied ad libitum in all experiments.

Incubation

The eggs were accumulated at two week intervals from each of

the matings and a number representing the mating number was marked,

with a red wax pencil on the blunt end of each egg. The chicken egg

setting trays of the Jamesway incubator, Model 252 (James Mfg. Co.,

Fort Atkinson, Wisconsin) were modified for quail eggs by Dr.

Arscott, Poultry Science Department, to prevent them from falling

during the turning operation. They were modified by placing on the

bottom coarse hardware cloth with each opening of the 1. 9 cm2 mesh

just large enough to hold one quail egg. A similar screen was placed

on top of the eggs and then overlaid with a finer screen of 0.63 cm 2
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Table I. Composition of the Basal Diets

INGREDIENTS BROILER RATION % LAYER RATION %

Corn, Yellow 68.30 50.34

Soybean Meal
Solvent (44% Protein) 17.00 34.43

Prince Tallow
Animal Fat 3.25
Fish Meal, Herring 5.00
Meat Meal with Bone 6.00

Alfalfa Meal
Dehydrated (20% Protein) 2.00 3.00
Limestone Flour 1. 00 6.15

Dicalcium PO4 2.00

Salt, Iodized 0.30 0.50
PM-1-65** 0.25
PM-2-65* 0.33
MHA (90 %) * ** 0.15
Zoamix**** 0.05

CALCULATED ANALYSIS

units

Protein 20.68 PCT 20.90

Metabolizable Energy 1369.78 KC/lb. 1261.67

Ca 1.24 PCT 3.02
P 0.75 0.79

Vitamin A 4552.72 IU/ lb. 5792.26

Riboflavin 2.64 mg/lb. 2.37
D-Pantothenic Acid 6.23 /t 6.21

Niacin 24.03 11 20.75

Choline 654.31 II 646.06

Vitamin B12 11.36 mcg/ lb. 3.75
Arginine 1.34 PCT 1.39

Cyst ine 0.31 0.31

Methionine 0.32 0.27
Lysine 1.22 1.13

Tryptophan 0.23 0.27

*0. S. U. Layer Vitamin Mineral Mixture .(See Appendix for Computation Analysis).
**O. S. U. Broiler Vitamin Mineral Mixture (See Appendix for Computation Analysis).

***Methionine Hydroxy Analogue (80%), Monsanto Chemical Company, St. Louis, Mo.
****The Dow Chemical Company, Midland, Mich., Included at 0.05% of the diet.
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mesh and the whole sandwich held down with spring wire ties to keep

it together as illustrated in Figures 2A and 2B.

On the 14th day of incubation, the eggs were transferred from

the modified setting trays to chicken or turkey pedigree hatching

trays equipped with mobile dividers to keep the eggs from each mat-

ing separate. In Experiment IV, when the correlation between the

hatching egg weight and body weight of the hatching chicks was inves-

tigated, hatching trays were modified further in order to keep each

egg separate for purposes of identification as illustrated in Figure 2C.

The coloring of regular quail eggs prevented the candling procedure

from being carried out.

At hatching time, the 18th day, the chicks were identified indi-

vidually and removed to the battery brooder.

Identification

Eggs were marked with a wax pencil as indicated above. At

hatching time, all chicks were identified with aluminum numbered

bands, obtained from Japan (Kawahura, 1968), which were placed

for the first ten days around the left shank, then moved from the

shank to the web of the left wing. During the first and second series

of matings plastic leg bands for canaries, obtained from the National

Band and Tag Co., Newport, Kentucky, were used. Figure 2D illus-

trates the different kinds of bands used.



38

Selection Procedure

Selection of the breeding stock, first based on individual weight

or phenotype, was subsequently based on family and progeny averages

with some weight laid in a few instances on phenotypic performance.

This was repeated in each new series of matings. Generally 10-20

sires and 20-40 dams were maintained in the selected line, avoiding

full-sib matings. The procedure followed in selecting the sires and

dams for breeding purposes was:

(1) Finding the average body weight for each hatch (sample)

and of males and females, separately.

(2) Finding the average body weight of each sire family and

each dam for each hatch and for males and females, separately.

(3) Then the deviation of the average of each sire and of each

dam family from the hatch average or sample was calculated and

multiplied by the number of males and females in each family to ob-

tain a weighted average.

(4) When a mating was represented in more than one hatch,

deviations of the males and females were added, separately, and

then the totals of the deviations were divided by the numbers of males

or females, respectively, to obtain a weighted average applying to

two or more hatches.

(5) The results in (4) for males and females were all added
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together and divided by two, which gave an average family deviation

disregarding sex.

(6) The highest positive deviations in (5) were the basis of

selecting the birds necessary to fill the available breeding cages.

Statistical Procedure

A. Certain data from the experiments were subjected to statis-

tical analysis. The most common analysis used was the analysis of

variance as outlined by Snedecor and Cochran (1967). Data for indi-

vidual birds were used in most cases. If the F value was significant,

the standard error of the mean was then calculated and Duncan's

1955 multiple range test employed in Experiment I, II, IV and V to

determine which means were significantly different. In Experiment

VII the Z- test of significance was used in the study of the incidence

of pendulous crop. It consisted of measuring the difference between

the proportions (P1 -P2) found in two independent samples and then

using the following formula to determine whether or not the difference

was significant:

P1 P2

Z qpq( 1 in
1

+1/n
2

)

B. An analysis of variance was carried out to obtain estimates

s2
of sire, dam and full-sib variance components ( cr , o-

D
and a- . )
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and an estimate of the total variance from the three components;

(

2 2 2
o- o- +

D
+ o- . ) Acicording to the structure of the usual poul-

try breeding flock, the statistical model is that appropriate to the

"nested" or "hierarchal" classification with unequal numbers (King

and Henderson, 1954) and we have, therefore)

+ Se. .. + D + PYijklm + H13 + Sijk ijkl ijklm

where Yijkim is the record of the mth progeny of the lth dam mated

to the kth sire within the jth hatch within the ith series and p. is the

overall mean.

In a population of individuals, the phenotypic or total variance
2 2can be defined by the equation: 0

T =
G

+
G

where Cr is a genetic

2source and 0- E is a residual source. A family of the general popula-

tion has three levels and each level contains variance from two sourc-

es in different amounts with two possible estimates of genetic vari2-

ance and with neither being perfect because (1) the sire component

of variance contain8 the sex-linked effects and (2) the dam component

of variance contains the maternal effects. Other estimates, more

frequently used are based on both the sire and dam components of

variance with the genetic variance being usually too high. The data

were analyzed at the Oregon State Jjniversity Computer Center with
,

the assistance of Dr. N. Hartmann of the Department of Statistics.
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Estimates of He

Estimating the heritability is a means of measuring several

factors such as that of environmental effects in the determination

of the expression of a character, the accuracy with which the geno-

type can be identified from the phenotype of an individual and choos-

ing the most efficient selection method and breeding system (Lerner,

1950). In order to predict the response of a population under selec-

tion, the primary concern is to estimate the additive genetic variance

as a fraction of the total, this ratio being called heritability in the

narrow sense by Lush (1948). The expectations of the various statis-

tics which are commonly used in computing heritability have been

summarized by Dickerson (1969).

A major difficulty in obtaining minimum variance estimates of

heritability is created by the small and unequal number of offspring

from different parents. Other sources of variation such as hatch

and sex provide additional complications in estimating the genetic

parameters in the population. The model for the analysis of variance

which has been followed in this report has been described by King

and Henderson (1954). The estimates of heritability reported have

been calculated from the correlation among collateral relatives pro-

duced by a hierarchal mating design in which several sires were

used, each being mated to separate sets of dams and each dam
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producing several offspring. The following formulae were used

(Lerner, 1950):

2 2From the sire component; h = 4 cr
S

/cr
T

From the dam component; hD =40- /o-
D T

2 2From the combined components; h 2
= 2(crs + D) /ff T(S+D)

Regression of Offspring on Parent

Heritability may also be estimated by the method of parent-

offspring regression. In this estimate there is less likelihood that

environmental and non-additive genetic effects are responsible for

resemblance between parent and offspring (Lush, 1948)

The heritability computed from parent offspring regression

estimates the following quantities (Dickerson, 1969):
2 2 2 2 2 , 2

+ a- / CTh,2 = (CT +O. 5a-AA
OS + °*25crAAA+o-Lm

2 2 2 2 2h0
2

D
= ( a

A
+O. 5 cr

AA
+ O. 25cr

AAA 4 G-2M 4. 2°- LT11)/(r T

where: h 2
h

2 = heritability calculated from regression ofOS; OD offspring on sire and dam, respectively.

Cr
A
2 = Variance due to additive genetic effects

Cr
2 2

and CT AAA = Variance due to two loci interaction andAA three loci interaction, respectively.
2

Cr = Variance due to maternal effects

L
2

3-
L
2

f
and = Additive genetic variance due to sex-linkedm

genes in the male progeny and in the female
progeny, respectively.
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cr
T

= Total variance

As long as the number of offspring from different parents was

unequal, the method used was that described by Becker (1968) where

first one calculates the regression (b) and then the heritability as

h
2

= 213:

b = cov(xy)/crx (for offspring/sire)

b = SCPD(xy) /SSD(xx) for intra- sire regression of offspring/
dam

where: cov = covariance of sire and progeny weightxy

T
2
x

= variance of sire weight x

SCPD(xy) = sum of cross products, x dam and y progeny

SSD(xx) = sum of squares between dams for x
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EXPERIMENT I. DETERMINING AN OPTIMUM LEVEL
OF PROTEIN FOR GROWTH

The purpose of this experiment was to investigate the possible

differences between three strains of Japanese quail in their quanti-

tative requirement for protein from hatching to two weeks of age.

Duplicate lots of ten Coturnix chicks each were used on each treat-

ment.

One hundred day-old chicks of each of three strains of mixed

sex were divided at random into 20 lots. All groups were placed in

the electrically heated batteries described previously. The experi-

mental rations used for this study were developed by Arscott (1967)

on the basis of his previous experiments whri several protein levels

were tested during the first two weeks. The chicks were fed diets

containing 17. 8 %, 22.4%, 27.0%, 31.6% and 36.2% protein or A, B,

C, D and E, respectively, in increments of approximately 5%. The

sole protein source was solvent extracted soybean meal (45% protein)

supplemented with methionine and glycine. The composition of the

basal diets is summarized in Table I-1.

Results and Discussion

As shown in Table 1-2 and Table 1-3 a highly significant increase

in body weight was observed with each additional increment of protein
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INGREDIENTS

Table I-1. Composition of the Experimental Diets

A

g/ kg g/kg g/kg g/kg g/ kg

Soybean (45. 8% Protein) 390 490 590 690 790

Salts N
1

1 1 1 1 1

Salts (GBI)
2 60 60 60 60 60

Corn Oil 40 40 40 40 40

Cerelose 509 409 309 209 109

Premix g/kg
NBC Vitamin Mixture

(Gordon)3 .6.000
Vitamin A (30, 000 IU) 0.333
Myvamix (Vitamin E)4 0.938
Choline Cl (25%) 12.000 SAME AS A

Vitamin D (1, 500 ICU) 1.330
BHT5 0. 125

DL-Methionine 5.000
Glycine 2.000

CALCULATED ANALYSIS

Protein (%) 17.86 22.40 27, 02 31.60 36.12

Fat (%) 4.35 4.41 4.53 6.21 7.11

Fiber (%) 2.34 2.94 3.54 4. 14 4.74

Metabolizable Energy (KC/lb) 1365.. 20 1300.70 1238, 60 1175.30 1112.00

Ca (%) 0. 12 0. 15 0. 18 0. 21 0. 24

P ( %) 0. 24 0.34 0.41 0.48 0, 55

Arginine (%) 1. 25 1. 57 1. 89 2. 21 2, 53

Cysteine (%) 0.27 0, 34 0.41 0, 48 0.55

Lysine (%) 1. 13 1.42 1.71 2.00 , 2. 29

Methionine (%) 0. 30 0. 29 0. 35 0, 41 0, 47

Tryptophane (T) 0. 23 0, 29 0. 35 0, 41 0, 47

1 Na2Mo04 H2O and Na2SeO3 in glucose monodehydrate, optional trace mineral with 500

and 21.9 mg, re spectively .(Fox and Briggs, 1960).

2General Biochemicals Inc. , Laboratory Park, Chagrin Falls, Ohio (in gm per kg of diet):
CaHPO4, 4;28 4. CaCO2, 10. 0; Na2HP04'

7.0; NaCL, 4, 0; KC1, 7.0; MgS0
4

3, 0; Fe citrate, 0. 2;

MnSO4 H
2
0

' '
0 25- K103, 0,

'
0 01. LnC03'

13;0 13. CuS04'
0 01

3 Nutritional Biochemical Corporation, Cleveland, Ohio (in milligrams per kg): thiamine

HC1, 8; D-biotin, 0.3; riboflavin, 8; calcium pantothenate, 20; nicotinic acid, 100;

pyridoxine HC1, 8; folic acid, 3; vitamin B12, 0.02; menadione, 1; (Gordon and Sizer, 1955,

5

Myvamix, provided by Distillation Products Industries, Rochester, N. Y.

Butylated Hydroxy Toluene
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up to the level of 27%. Feed conversion was not significantly differ-

ent for the various dietary protein levels. It was 2. 26 lbs feed per

lb body weight for the 17. 8% protein and 2.16 for the 27% protein

level.

Feed consumption per gram of body weight varied from 60 to

86.3 grams with a mean of 78 grams at the 27% protein level repre-

senting an average value for the three strains.

Figure I-1 indicates and Table 1-2 confirms that an increase

in the dietary protein content beyond 27% did not produce any signifi-

cant increase in body weight and, furthermore, this was accompanied

by increased feed conversion.

These results agree with those obtained by Arscott (1967) and

confirmed the level of 17. 8% protein as being low enough to differ

significantly from the optimum level of 27% and yet high enough to

support growth. Twenty seven percent was therefore considered the

optimum protein level, since increasing protein content above this

value did not yield any significant increase in body weight at two

weeks of age and the 17. 8% protein level was chosen as a suitable

environment in which to select a line resistant to protein deficiency.
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Table 1-2.

STRAIN

Effect of Varying Levels of Protein on Growth of the Coturnix Chick to Two Weeks of Age

PROTEIN LEVEL (%)

17.8 22.4 27, 0 31.6 36. 2

BODY WEIGHT (gms)

OSU 32. 30c 43.15b 46. 7a 49.05a 46. 50a
908 34. 25c 45. 90

b
50. la 50. 25a 52. 05a

WS 36. 60c 44.80b 49. 2a 50.60a 50. 10a

AVERAGE 34.38 44.62 48.66 49.96 49.55

FEED CONSUMPTION (gms)

OSU 62.0 72.0 77.0 85.0 84.0
908 58.0 76.0 82. 0 83.0 89.0
WS 61.0 69.0 75.0 81.0 86. 0

AVERAGE 60.0 72.3 78.0 83. 0 86.3

FEED CONVERSION (gms feed/gm body weight)

OSU 2.40 2. 25 2. 30 2.50 2.50
908 2.20 2.40 2. 15 2. 20 2.35
WS 2.20 2.05 2.05 2.00 2.40

AVERAGE 2.26 2. 23 2.16 2. 26 2.63

a, b, and c = The means which have the same letter are not significantly different (P< 0.01)
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Two Weeks of Age as a Function of Protein
Level (Percent).
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Table 1-3. Analysis of Variance of Two-Week Body Weight of Japanese Quail in Experiment I.

Sources of Degrees of Sums of Mean
Variance Freedom Squares Squares Ratio

Total 14 511.916 36.565

Line 2 18.867 9.438 10.5393*

Diet 4 485.876 121.469 135.6437*

Error 8 7.164 0.895

*Significant at level P< 0.01.
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EXPERIMENT II. DETERMINING THE STRAIN OF
JAPANESE QUAIL TO USE IN FURTHER STUDIES

The purpose of this experiment was to decide, on the basis of

two-week body weight on a 17. 8% protein diet, which of three strains

of Japanese quail kept at the 0. S.U. Agricultural Experiment Station

to select for resistance to protein deficiency.

Birds from the three strains, 908, 0. S. U. and WS, which were

raised on a 17. 8% protein diet in Experiment I were selected as

breeders for this experiment on the basis of their deviation from the

mean two-week body weight within each strain. The breeders were

housed in the finishing battery (Wes-Bilt) described previously and

mass mated in the ratio of one male to two females.

Three hatches of chicks from each of the three strains were

tested both on high (27%) and low (17. 8%) protein diets along with a

control or unselected population from each of the three strains fed

the same two rations as the selected birds.

Results and Discussion

The data on the performance of this first generation for all

three strains are assembled in Table II-1. From this table it can

be seen that comparing actual figures for two-week body weight on

a normal and on a deficient diet, strain 908 gave the best performance

compared to the control. However, the analysis of variance (Table



Table II-1. Effect of Deficient and Normal Diets on Body Weight of Three Strains of Coturnix Chicks, Selected and Unselected, at Two Weeks of

Age in Experiment H.

AVERAGE BODY WEIGHT (gms)

Strain 908 WS OSU

Protein Level 17.8% (A) 27.0% (C) 17.8% (A) 27.0% (C) 17.8% (A) 27.0%(C)

Sample SELECTED

1 37.33 46.57 27,50 40.00 36.00 44.62

2 36.25 49.64 38.66 51.28 37.25 47.14

3 39,38 49.00 37.77 50.00 34.81 44.66

Average 37.65(23) 48.40(23) 34. 64(24) 47. 10(20) 36.00(30) 45.47(33)

UNSELECT ED

1 37.30 46.50 32.50 42.85 29.33 40.33

2 35,66 48.77 39.62 * 40.08 38.00

3 32.43 42.10 32.86 45.31 33.00 45.00

Average 35.13(30) 45.80(26) 35. 26(21) 44. 10(23) 34.13(26) 41.10(20)

( ) Indicates the number of birds at the end of the test

*All died due to managemental difficulty

cn



Table 11-2. Analysis of Variance of Body Weight in Three Strains of Quail at Two Weeks of Age in Experiment II.

SOURCES OF DEGREES OF SUMS OF MEAN
VARIATION FREEDOM SQUARES SQUARES

F RATIO

TOTAL 154 41927.574

DIET 1 1168.592 1168.592 5.5601*

STRAIN 2 2320.617 1160.308 5.5207**

SELECTED VS. CONTROL 1 143.313 143.313 0.6818

SELECTED X STRAIN 2 1963.733 981.866 4. 6717*

SELECTED X DIET 1 1469.127 1469.127 6.9901**

DIET X STRAIN 2 4387.278 2193.639 10.4373**

ERROR 145 30474.914 210.172

*Significant at level P< 0.05

**Significant at level P< 0.01
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11-2) indicated that this body weight difference was not significant.

Nevertheless, strain 908 was chosen on the basis of its slightly

better performance and in order to simplify the experiment, since

continuing work with all three strains would have put a severe strain

on the available facilities.

Mass selection was continued through two generations with

strain 908, and birds were tested once more on the deficient and

normal diets and compared again with the control line. The results

of this test are shown in Tables II-3 and 11-4. They indicated again

that the average body weight at two weeks of age did not show a sig-

nificant diff erence between the control and the selected line. There-

fore, the lack of apparent response from two generations of mass

or individual selection for growth on the protein deficient diet led

to a switch to family and progeny testing as a basis of selection for

the remainder of the investigation. It must be stated however, that

although mass selection was practiced for two generations the selec-

tion differentials are unfortunately not available for these two genera-

tions and hence it cannot be categorically stated that mass or individ-

ual selection was ineffective, but only appeared to be so.



Table 11-3. Body Weight of Japanese Quail 908 at Two Weeks of Age in Experiment II
During the Second Generation of Mass Selection on a Normal and a
Deficient Diet.

AVERAGE BODY WEIGHT (gms)

CONTROL LINE

Replication Deficient Diet Normal Diet

I 35.8 47. 1

II 33.0 48.7

Average 34.4(20)* 47. 8(20)*

SELECTED LINE

I 30.9 47.3

II 36.8 45.4

Average 33.7(20)* 46.3(28)*

*The figures between brackets represent the number of birds



Table 11-4.

Sources of
Variance

Analysis of Variance of Body Weight of 908 Japanese Quail at Two Weeks of Age in Experiment II.

Degrees of Sums of Mean F Ratio
Freedom Squares Squares

Total 88 7200.444

Diet 1 2623.732 2623.732 62.9585*

Line 1 0.152 0.152 0.0036

Diet X Line 1 1034.300 1034.300 24.8188*

Error 85 3542.260 41.674

*Significant at level P< 0.01
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EXPERIMENT III. DETERMINING A FEEDING
REGIME FOR OPTIMUM SELECTION

RESPONSE UNDER PROGENY TESTING

The purpose of this experiment was to determine the feeding

regime that would give the best and most reliable selection response.

On the basis of methods reviewed earlier (Lerner, 1948 and Wilson,

1967) two feeding regimes were tested.

With the first method, the birds were kept on a deficient diet

(17.8% protein) for the first two weeks following hatching and two-

week body weight was used as a selection criterion. Using the second

method, after hatching the chicks were fed a normal diet (Z7% protein)

for a period of one week, then switched to a deficient diet (17.8% pro-

tein) for a two-week period and selected on the basis of their three-

week body weight. The latter method was hopefully carried out in

order to remove a large segment of the variation in growth on the

deficient diet not attributable to the diet under test.

Results and Discussion

Selection Procedure

Breeders for the first generation were selected individually on

the basis of their deviation from the mean body weight on a 17. 8%

protein diet; using two-week body weight in the first feeding method

and three-week body weight in the second feeding method. One male

was stud mated to two females kept in individual cages. Matings
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usually took place around 2:00 p.m. three times a week and ten min-

utes were allowed for the matings to take place. Two- or three-week

body weights on the deficient diet were used to obtain family averages

for each sire and his two mates. Sires and dams were selected on

the basis of the performance of their progeny after weighing accord-

ing to number and sex for each sire and dam family. These chosen

and proven sires and dams were remated with one another in a ran-

dom fashion and called "tested matings, " and those of their progeny

which had a positive deviation from the population or sample mean

weight at two weeks or three weeks of age on the deficient diet were

also mated for progeny testing and these matings were called "un-

tested matings." Full-sib matings were avoided to minimize in-

breeding. In each new series of matings family averages were used

to select the best sires and dams and their progeny for continued

testing. Those with superior performance during the progeny test

were added to the existing pool of proven sires and dams for each

series of matings and the matings were conducted randomly within

this pool alongside each new progeny test on the current new genera-

tion of chicks. Three hatches usually were obtained from each series

of matings. Figure III-1 illustrates the procedure for the progeny

and family tests, Each test was carried out with three hatches.
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Relation Between Feeding Regime and Selection Response

In order to decide which feeding procedure to follow, heritabil-

ity of body weight was estimated in the first generation. Since this

provides us with a measure of genetic variation (i. e. variation upon

which all possibilities for changing a population through breeding

methods depend), heritability was measured at two weeks of age in

progeny fed a deficient protein diet for two weeks and at three weeks

of age for the progeny fed the two types of diet. Table III- 1 repre-

sents the estimates of heritability for the two ages, using the sire

component, the dam component and a combination of both components.

It shows that the estimate of heritability was a little higher at three

weeks of age, but the difference was not significant. Thus, the

normal diet given to the birds during their first week did not help

in reducing environmental variation.

In addition, keeping the birds on a protein deficient diet through

the third week resulted in a noticeable incidence of a crop disorder

(edema) which seemed to be of undetermined origin according to the

0. S. U. Veterinary Diagnostic Laboratory tests (Experiment VII).

These findings plus space and management limitations led to continue

the experiment only with the first procedure of keeping the chicks

from hatching to two weeks of age on the deficient diet.



Table III-1. Variance and Heritability of Two-Week Body Weight (Two Weeks on a Deficient Diet After Hatching) and Three-Week Body Weight
(One Week After Hatching on a Normal Diet Followed by Two Weeks on a Deficient Diet) in Coturnix coturnix japonica.

Sources of
Variance

TWO WEEKS OF AGE THREE WEEKS OF AGE

Variance % Variance Variance % Variance

Hatch ,or Sample 9. 69 14.80 9. 50 10. 60

Sire -3.52 0.00 0.58 0. 65

Dam 12.34 18.80 15.99 17.80

Progeny 43.47 66.40 63.83 71.00

Estimate of
Heritability Heritability Standard Error Heritability Standard Error
Based on

Sire Component -0. 27 0.24 0.03 0.41

Dam Component 0.94 0.39 0. 79 0.55

Sire and Dam Component 0.34 0.08 0.41 O. 17
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Heritability Estimates

Wide fluctuations in the heritability of body weight at two weeks

of age in the selected line, as estimated from sire and dam variance

components, as well as from the combined sire and dam variance

components, obtained from the hierarchal components in the variance

analysis, were observed (Table 111-2) in the successive series of

matings. A possible explanation for these fluctuations could be the

small number of sires, dams or progeny, singly or in combination,

as employed in this study (Robertson, 1959). Heritability estimates

computed from dam components were higher than those from sire

components, Table III-2. Similar results obtained by Siegel (1962)

and Kinney and Shoffner (1965) with chickens were interpreted as

evidence that non-additive genetic effects apparently play a vital role

in selecting for body weight. These workers suggested that inclusion

of dominance effects, maternal effects or a combination of the two,

in calculations from dam components, but not from sire components,

might account for the larger estimates from dam components.

From the similarity observed between the heritability estimates

of male and female progeny as well as the pooled heritability estimates

for the two sexes, in Table 111-2, it appears that sex of the progeny

has little effect on expression of genetic variation of body weight.

An alternate method of estimating heritability, based on regression
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Table 111-2. Heritability (h2) Estimates at Two Weeks of Age, Estimated from Half and Full Sib
Intraclass Correlation and by Sex, in Six Series of Matings of Japanese Quail Selected
for Body Weight. Estimates are in Terms of (A) Absolute Values, (B) Deviations from
the Control Groups on a Deficient Diet and (C) Deviations from the Control Groups on
a Normal Diet.

A - (Body Weight in Absolute Terms)

Series No. Component* 1 2 3 4 5 6 Pooled

0.00 0.00 0.24 0.20 0.00 1.00 0.14
Males D 0.87 0.66 0.99 0.24 0.32 0.00 0.53

S+D 0.43 0.33 0.62 0.22 0.16 0.52 0.34

0.00 0.00 0.56 0.75 0.16 0.00 0.12
Females D 0.93 1.00 0.00 0.42 0.00 1.00 0.62

S+D 0.47 0.53 0. 28 0. 59 0.08 0. 67 0. 37

S 0.00 0.00 0.44 0.47 0.13 0.45 0.17
Combined D 0.86 0.74 0.41 0, 47 0. 25 0. 67 0. 62

S+D 0.43 0. 37 0.43 0.47 0. 19 0.56 0. 39

B - (Deviation of Selected Line from the Control on the Deficient Diet)

0.00 0.00 0.38 0.29 0.18 1.00 0.13
Males D 0.96 0. 67 0.73 0, 26 0, 13 0.00 0.52

S+D 0.49 0.34 0.56 0. 27 0. 15 0.51 0.33

S 0.00 0.00 0.45 0.77 0.11 0.00 0.12
Females D 1.00 1.00 0.00 0.38 0.00 1.00 0.62

S+D 0.56 0.53 0. 23 0. 58 0.05 0.66 0. 37

S 0.00 0.00 0.41 0.44 0.20 0.37 0.11
Combined D 0. 87 0, 66 0.29 0. 53 0.08 0. 77 0. 62

S+D 0, 43 0, 33 0. 35 0.49 0. 14 0.57 0. 36

C - (Deviation of Selected Line from the Control on the Normal Diet)

S 0.00 0.00 0.40 0.18 0.00 1.00 0.13
Males D 1.00 0.84 1.00 0. 36 0. 32 0.00 0. 70

S+D 0.56 0.42 0. 83 0. 27 0. 16 0. 65 0.42

S 0.00 0.00 0.58 0.86 0.29 0.00 0.15
Females D 0.90 1.00 0.01 0.22 0.00 1.00 0.59

S+D 0.45 0.53 0. 29 0. 54 0. 14 0. 67 0. 37

0.00 0.00 0.50 0.52 0.18 0.39 0.16
Combined D 0. 88 0.93 0.47 0.43 0. 34 0. 80 0. 67

S+D 0.44 0.47 0.48 0.48 0.26 0.59 0.41

*S = Sire
D = Dam

S+D = Sire + Dam



Table 111-3, Heritability Estimates Obtained from Regression of Offspring on Parents by Sex in Six Series of Matings of Japanese Quail Selected for
Body Weight at Two Weeks of Age in Terms of Absolute Values and as Deviations from the Control Groups.

Series No.

Absolute Terms

Regression of Offspring on Sire

the Control on the
Normal Diet

Deviations of Selected Line from
Deficient Diet

1 0.57 0.12 0.31

2 0.00 0.24 0.00

3 0.40 0.40 0.53

4 0.02 0.00 0.07

5 0.2S 0,17 0,19

6 0,20 0.31 0.00

Pooled 0,00 0.08 0.00

Regression of Offspring on Dam

1 0.61 0.67 0.85

2 0.00 0.00 0.00

3 0,15 0.18 0.25

4 0.00 0.03 0.04

5 0.60 0.54 0.55

6 0.59 0.68 0.44

Pooled 0.32 0.32 0.38
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of offspring on parent, theoretically excludes non-additive gene

effects despite the fact that the different types of regression contain

varying amounts of maternal and sex-linked effects (Falconer, 1967).

Estimates based on this method are assembled in Table 111-3. Great

variation for the various series was observed in these values as well.

Close agreement was found between the heritability estimated from

regression of offspring on the dam alone and the pooled heritability

estimated from the combined sire and dam components (Table 111-2,

111-3).

Despite the variation in the estimates of heritability of body

weight, both methods, nevertheless, gave reasonable figures useful

in drawing conclusions and are thus, valuable additions to the litera-

ture. Furthermore, what slight differences appear to exist between

these values and those published by other workers (Godfrey, 1968

and Marks and Lepore, 1968) could easily be accounted for by (1)

genotype-environment interactions, (2) dominance variance, (3) epil-

static variance, (4) maternal effects, (5) selection of sires and

dams, (6) non-random mating and (7) sources of non-genetic variation

other than the environmental component contained in the phenotypic

variance, e. g. measurement error (Kinney et a]. , 1965).

Comparing the estimates of the heritability of actual body weight

with those obtained on the basis of deviation of body weight in the

selected line from the control in Table 111-2 and 111-3, one observes
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that generally they did not show large differences, as was also true

for the pooled heritability estimates, which indicated that environ-

mental conditions varied little in the series of matings. Thus, the

heritability estimates based on actual body weight are corroborated

by the estimates obtained on the basis of deviations of the selected

line from the control.

The average heritability estimate of two-week body weight ob-

tained from full-sib correlations in the selected population is 0.39.

This estimate is in good agreement with the values reported in the

literature. The average heritability estimate computed from parent-

offspring regression is 0.18. The difference of 0.21 between the

two estimates provides a measure of the non-additive effect and

probably of some maternal and sex-linkage effects. The estimate

of heritability obtained by using parent-offspring regression seems

to have yielded an underestimated value. This might be due to a non-

linear relationship between parents and their progeny and could also

be caused by non-additive genetic effects (Lush, 1948).

The realized heritability estimate of body weight of quail on

the deficient diet was calculated for each series of matings from the

actual body weight at two weeks of age (Table 111-4) from the ratio of

the selection response to the selection differential (Falconer, 1960):

h
2 = R/S



Table 111-4. Selection Differentials, Responses and Realized Heritability Calculated from Actual Body Weight at Two Weeks of Age.

Series Mean Mean
No. Body Weight (gms) Selection Body Weight (gms) Selection

Selected Parents Differentials Progeny Response

Cumulative
Realized Realized

h2 h
2

M F C M F C M F C M F C M F C M F C

1 51.2 49.3 49.9 - - -- 6.9 31.6 31.3 31.5 - 6. 8 0.00

2 48.4 48.7 48.6 10.4 11.2 9.0 33.5 34.3 33.9 1.9 3.0 2.4 0.18 0.27 0.27 0.28 0.27 0.27

3 48.4 48.6 48.6 8.4 7.5 8.1 30.1 31.5 30.9 -3.4 -2.8 -3.0 0.00 0.00 0.00 0.00 0.10 0.00

4 42.8 43.4 43.2 9.2 9.0 9.3 37.0 36.8 36.9 6.9 5.3 6.0 0.75 0.59 0.65 0.20 0.20 0.20

5 47.8 46.7 47.1 11.6 9. 7 10.4 37.3 37.4 37.3 013 0. 6 0.4 0.03 0.06 0.04 0. 24 O. 16 0. 16

6 46.8 45.2 45.8 9.2 7.9 8.5 38.2 40.0 39.1 0.9 2.6 1.8 0.10 0.33 0.21 0.14 0.14 0.17
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where R (selection response) is the difference in the mean phenotypic

value between the offspring of the selected parents and the whole of

the parental generation before selection, and S (selection differen-

tial) is the mean phenotypic value of the individuals selected as par-

ents expressed as a deviation from the population mean.

The estimates of realized heritability are not uniform, the

reasons for these variations having been tentatively explained in the

case of similar variations in Table 111-2. In obtaining the unweighted

mean, negative values were considered as one since the limits of

heritability are zero and one. The average realized heritability

estimate,.. therefore, for combined sexes was 0.16 which is almost

the same as that, 0.14, obtained by Collins and Abplanalp (1965).

Response to Selection

The accuracy and progress of the selection response, as meas-

ured by the change of the mean in the selected line, is a function of

the genetic stability and the deviation from the mean of the control

population. Thus, accuracy was arrived at by using a genetically

uniform control, both on the deficient and the normal diet, which was

propagated through random mating during the entire period of the

experiment.

Table 111-5 represents the performance of selected parents in

the six series of matings, along with their contemporary control



Table 111-5. _ Average Body Weight (gms) and Selection Differentials of the Parents at Two Weeks of Age of Japanese Quail in the Six Series of
Matings in Absolute Terms and as Deviations from Control Groups on Both Deficient and Normal Diets.

Parents In
Selected Line

Body Weight on
Deficient Diet

Contemporary Control Samples

Body Weight on
Deficient Diet

Body Weight on
Normal Diet

Parents in Selected Line
as Deviation From

Contemporary Control Samples

Body Weight on
Deficient Diet

Body Weight on
Normal Diet

M* F C M F C M F C M F C M F C

1 51.2 49.3 49.9 33.0 33.0 33.0 45.0 45.0 45.0 18.2 16.3 16.9 6.2 4.4 5.0

2 48.4 48. 7 48. 6 32.6 33. 2 33, 0 45.0 44.7 44.8 14.5 19, 1 15, 6 3. 1 4. 3 3.4

3 48.4 48.6 48.6 34.0 34.0 34, 0 44.0 46.0 45.3 14.6 14.6 14.6 4.8 2. 6 3.3

4 42.8 43, 4 43.2 34.5 34.3 34, 4 46.2 45.6 45.8 8. 6 8. 7 8. 8 -3. 6 -5.9 -2. 6

5 47. 8 46.7 47. 1 34.4 33.8 34, 0 46, 8 46.7 46.7 13.5 13, 0 13.1 1.3 -9. 2 0, 4

6 46, 8 45. 2 45.8 33. 1 33. 2 33. 1 37.0 38. 2 37, 0 13.7 12, 1 12, 7 9. 8 8. 3 8. 8

*M = Male

F = Female

C = Combined



Table 111-6. Average Body Weight (grams) and Response of the Progeny at Two Weeks of Age of Japanese Quail in the Six Series of Matings in
Absolute Terms and as Deviations from the Control Groups on Both Deficient and Normal Diets.

Progeny of Selected Line

Selected Line as deviation
Control Line from the Control

M

deficient
diet

F C

Standard
Error

M

deficient
diet

F C

Standard
Error

M

normal
diet

F C

Standard
Error

M

deficient
diet

F C M

normal
diet

F C

1 31.6 31.3 31,5 0.8 32.4 30.1 31.2 1.7 42.4 4.1.3 4.1. 8 1.4 -0. 8 +1. 2 +0.3 -10.8 -10.0 -10.3

2 33, 5 34.3 33.9 0. 8 33.6 36.6 35.1 1.4 46.5 46.1 46.3 1.2 -0. 1 -2.3 -1. 2 -12.0 -11.8 -12.4

3 30.1 31.5 30.9 1.0 34.0 34.0 34.0 2.3 44.3 45.6 44.9 2.6 -3,9 -2.5 -3.1 -14.2 -14.1 -14.0

4 37.0 36.8 36.9 0.6 35.0 36.4 35.8 2.1 46.2 47.2 46.7 1.5 +2.0 +0.4 +1.1 -9.2 -10.4 -9.8

5 37.3 37.4 37.3 0. 6 31.8 32.8 32.3 2. 1 44.9 45.3 45.1 1.3 +5.5 +4.6 +5.0 -7. 6 -7.9 -7.8

6 38.2 40.0 39.1 0. 8 35.6 34.9 35.3 1.4 45.3 46.5 45.9 1.1 +2.5 +5.0 +3. 8 -7. 2 -6.5 -6.8

M = Male

F = Female

C = Combined or Unweighted
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samples. It is obvious that in the sixth series a substantial reduction

of growth occurred in the control birds on the normal diet. This

might be explained by either of two reasons: (1) an unexplainable sam-

pling error or (2) an error in the preparation of the ration. With the

latter point in mind a trial experiment using the control was run to test

the feed and this time the discrepant value was brought in line with

the rest. This certainly demonstrates the value of having a control

with each sample which allowed suspecting such an unfortunate error

in mixing of the ration as occurred in Series 6., but only for the

normal diet.

Tables III- 5 and 111-6 show the average two-week body weight

of the selected parents and of their progeny, respectively, along

with the corresponding control values in the six series of matings in

absolute terms as well as in terms of deviations from the control

groups on both the normal and the deficient diets for males, females

and the combined sexes. The deviations from the control, as plotted

against the corresponding series of matings, are shown in Figure 111-2

and in Figure 111-3 for parents of the selected line and their progeny,

respectively.

The higher body weights of parents in Series 1 are possibly

accounted for by the type of feeders used at the time, but unfortun-

ately no controls were available in the first sample of Series 1 and

the hypothesis cannot be verified. This managemental difference also
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reflects itself in an initial negative response of actual body weight

in the first series, although it did not affect the magnitude of the

overall response (7.6 gms) and attained 0. 8 gms over the original

breeders in the sixth series (Table III-4).

Selection for growth on the deficient diet did eventually result

in a positive response, but as was proposed initially it would be well

to determine whether this was a specific improvement of resistance

to a deficient diet or an overall improvement of growth. However,

it was too early to make a judgement at this stage, since no data

were available on the performance of the selected line on a normal

diet due to the fact that running such tests would have interfered with

our selection procedure. Thus, although an initial perusal of the

data (Table 111-6) shows possibly a specific resistance to protein

deficiency as evidenced by the 3.5 gms ( +0. 3 to +3. 8) response

of the selected birds over the control line when both were fed a

deficient diet this could only have been confirmed if no difference

had been noted between the two lines with both on a normal diet.

Such a comparison could, however, be made only when selection was

terminated at the end of the sixth series and the data are presented

in Experiment V. In addition it is of interest to note (Table 111-6 )

that despite predictably poorer body weights of the selected birds on

a deficient diet than of control birds fed a normal diet, throughout

the entire six series, nevertheless, a maximum response of 7.2 gms
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(-14.0 to -6.8) was observed from the third to the sixth series.

Although the response to selection was lower than would be

expected judging from the results obtained in selection studies for

growth with quail as carried out by Collins (1968), a limited response

is not unique and could be possibly attributed to a greater or lesser

degree of inbreeding which had been attained in the foundation line

(Godfrey, 1968) as well as genotype-environment interaction.

Selection Differentials

Selection differentials are given in Tables III- 5 and III-7 and

were plotted against the corresponding series of matings in Figure

111-4. These values represent the variability in terms of standard

deviations which is a property of the character and the population

and sets the units in which the response is expressed such as grams

in this instance. Thus, the standardized selection differential or

selection intensity (i =S /o- ) is a measure of selection by means of

which one can compare different characters and populations (Falconer,

1967).

The selection differentials were calculated by two methods.

The first set of values were calculated by measuring the deviation of

the parents from their original mean sample or hatch when selection

occurred. The second set of figures was available in terms of devi-

ation from the control as seen in Table 111-5. Table 111-7 presents



Table 111-7. Selection Differentials in Different Series of Matings in Absolute Terms (s) and in Terms of Standard Deviations (i) for the Selected
Line Computed by Measuring the Deviation of the Parents from the Average of the Population in which They Originated.

Series Sires

In Absolute Terms (S)

Dams Combined Sires

In Terms of Standard Deviations (I)

Dams Combined

1 6.94 1.04

2 10.40 11. 17 9.03 1., 61 1.39 1.36

3 8.44 7.46 8.09 1.14 0.94 1.05

4 9. 15 9.04 9. 26 1.51 1.25 1. 34

5 11.61 9.73 10.41 1.58 1.41 1.40

6 9. 19 7.94 8.49 1.62 1.26 1.31

Average 9.76 9.07 8.54 1.49 1. 25 1. 2S
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the selection differentials in absolute values and also in terms of

standard deviation, and shows an overall upward trend with males

being 0. 24 higher than females.

From Figure 111-4 it becomes, moreover, clear that the three

parameters (sire, dams and combined) showed similar behavior

throughout the series of matings.

The selection intensity increased and decreased erratically

from series to series, but on the whole shows no overall change

from the second series through the sixth. All three variables show

an abrupt decrease in the third series and a gradual recovery toward

the sixth series.

Phenotypic Variance

The estimates of phenotypic variance for the line selected for

bodyweight at two weeks of age as well as the deviation from the

control by sex and combined (Table 111-8) are plotted against series

number in Figure 111-5. The estimates of the total variance compo-

nents obtained from the analysis of variance in the half and full-sib

groups, were slightly higher for female than for male progeny.

Plots of the data (Figure III -5) make it obvious that there was a

considerable fluctuation in the phenotypic variances of two-week body

weight in different series of matings. The curves go through several

cycles reaching a low in the second and fifth series ranging between



Table 111-8. Estimates of Phenotypic Variance in Different Series of Matings of Japanese Quail Selected for Body Weight at Two Weeks of Age in
Absolute Terms and in Terms of Deviations from Control Groups on Both Deficient and Normal Diets.

(Body weight in absolute terms)

Series No. 1 2 3 4 5 6 Pooled

Males 51.84 36. 10 51. 11 49.76 32.36 44.87 44.75

Females 57. 05 38. 10 62. 79 58. 59 45.72 63.08 52. 15

Combined 55.87 34.83 56.93 54. 19 39.90 51.75 49. 19

(Body weight as deviation from the control on a deficient diet)

Males 53. 10 38.80 49.24 52. 19 32.44 45. 20 44.92

Females 58. 23 37. 32 65.50 58. 27 46. 38 63.32 52. 38

Combined 57. 61 38. 82 61. 77 56. 69 40. 16 54. 23 50. 78

(Body weight as deviation from the control on a normal diet)

Males 52, 9 2 38. 28 55.94 50. 78 34.04 44.96 45. 74

Females 57. 19 46. 51 63.30 58. 26 47.00 62.92 53.08

Combined 57.38 41.61 61.03 54.81 41.59 50.90 S0.56
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30-40 and a high during the third series peaking at 65. In the final

sixth series it returns essentially to its original value of about 55.

Moreover, it is evident from Figure 111-5 that phenotypic vari-

ance of body weight in absolute terms and in terms of deviation from

the control exhibited a similar pattern.

Phenotypic Variance and Selection Differential

A selection differential varies inversely with the proportion of

the population included among the selected group and proportionately

to the phenotypic standard deviation of the character (Falconer, 1967).

A comparison of Figure III-5A with III-5B quickly shows that the

phenotypic variance varies inversely with the selection differential,

indicating therefore that the number of selected parents must have

varied. This agrees closely with the actual experimental conditions

(Table 111-9).

Inbreeding

When a group of individuals related by descent are mated it is

called inbreeding. This method of mating increases homozygosity

of genes in a population and results in what is termed inbreeding

depression which manifests itself through reduced growth rate and

a decrease in reproduction efficiency. Inbreeding accompanies

selection and this results sooner or later in (1) increased



Table 111-9. Number of Sires, Dams and Progeny Used During the Selection Period in Experiment III.

Series No. Number of Number of Number of
Sires Dams Progeny

1 12 25 4 67

2 8 15 180

3 12 24 217

4 23 46 468

5 21 41 387

6 28 62 261

Total 104 213 1982

00
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homozygosity at loci which thereafter will no longer contribute to

selection progress unless mutation or an introduction of new alleles

from outside of the population occur or (2) a decline in those traits

which are affected by many pairs of genes and are closely related

to fitness such as fertility, viability and growth rate. In other words

inbreeding depression is thought to be a linear function of inbreeding

and to be due to increased homozygosity of deleterious recessive

genes. The inbreeding coefficient (F) is the probability that two

alleles entering the zygote are derived from a common ancestral

allele and it has been proposed by Wright (1921) as a method of meas-

uring the amount of inbreeding.

Sittmann et al. (1966) and Abplanalp (1967) observed a marked

inbreeding depression in quail resulting in decreased hatchability

and fertility accompanied by reduced egg production, six-week body

weight and egg size.

Since the pedigree records were available for all of the birds

used in this research it permitted the calculation of the inbreeding

coefficient in the selected population. Table III-10 gives the cumu-

lative inbreeding for the different series of matings. The formula

used for computing the unweighed inbreeding coefficient (Wright, 1921)

is:
n

1
+ n.

2
+ 1

F=-7((1/2) )(1 + FA)
A

where n1 is the number of generations from the common ancestor through



Table III-10. Cumulative Inbreeding Coefficient in the Different Series of Matings of Japanese
Quail Selected for Body Weight at Two Weeks of Age.

Series No. Unweighted (F) Weighted (F)

1 0.000 0.000

2 0.000 0.000

3 0.000 0.000

4 0.091 0.014

5 0.081 0.023

6 0.081 0.096

Average 0.084 0.044
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the sire and n2 is the corresponding number for the dam. FA is the

common ancestor's (A) own inbreeding coefficient (Wright, 1923).

The weighted inbreeding coefficient was obtained by multiplying the

unweighted value by the fraction of birds obtained from each mating:

Number of birds per mating
X

Unweighted inbreeding X100 =
Weighted

Total number of birds Coefficient Coefficient

The estimates of the cumulative inbreeding coefficient in the dif-

ferent series of matings of the selected line are given in Table III-10.

The results show inbreeding coefficients of 0.081 and 0.096 for the

weighted and unweighted values in the sixth series, confirming that

selection did increase the inbreeding to a limited extent. Remating

may account for this increase in the last series, especially in those

instances where some parents were mated to their progeny.

Furthermore, the increased inbreeding coefficient (Table III- 10),

and the decreased fertility (Table III-12) in the sixth series both con-

firm that inbreeding decreases reproductive fitness.

Fertility and Hatchability

Two important factors affecting reproductive efficiency of

domestic birds are fertility and hatchability. The first, biologically

speaking, refers only to the fertilization of the eggs. Hatchability

refers to the hatching of the fertile eggs. On the average, chickens

and ducks typically are more fertile than turkeys, geese and Coturnix
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quail. The apparent species differences in fertility (Kosin, 1968)

reflect both the effect of the management of the particular species

as well as of traits which in each instance have been emphasized in

selection. As far as Japanese quail are concerned, it is difficult

to collect semen because it is produced in small quantity and the

foam which is secreted by the cloaca gland is troublesome. These

two factors accounted for the fact that natural mating was practiced.

Furthermore, since research with chickens indicated that natur-

al mating restricted to the afternoon resulted in greater fertility and

possibly hatchability, when compared to mating restricted to the

morning hours (Parker, 1950), and since morning artificial insemi-

nation also resulted in reduced fertility when compared to afternoon

artificial insemination (Parker and Arscott, 1965; Johnston, 1967),

it was thought to be of interest to find out whether Japanese quail

behaved similarly as chickens since they have a different laying pat-

tern.

Hens were divided into two groups, one group was allowed to

mate before 10:00 a.m. and in the other after 2:00 p.m. with the

same males, three times a week for approximately ten minutes. The

control group in this experiment consisted of eight males left continu-

ally with a group of 18 females. Data were collected for a period of

three months. Table III-11 shows a 10% reduction in fertility and

hatchability for:morning matings as compared to afternoon matings



Table III-11. Relation of Time of Mating (Stud Mating) to Fertility and Hatchability

Time of No. of Eggs Hatchability (%)

Mating Hens Incubated Fertility (%) of fertile eggs

Morning,
10:00 A. M. 20 586 62.9 69. 6

Afternoon,
2:00 P. M. 20 450 71. 3 78. 8

Continuous 18 163 74.7 78. 7



87

and the control as birds continually mated. The hens mated in the

afternoon showed the same hatchability as the control group, but a

slightly lower fertility. These data agree with those of Parker (1945,

1950) who hypothesized that this could be explained by the oviductal

environment concurrent with the early stages of eggshell formation.

Hughes (1970) has observed that the reduced fertility associated with

insemination near the time of oviposition was not caused by the pres-

ence of hardshell eggs in the uterus and suggested that some other

factor such as oxytocin was involved.

Fertility and Hatchability During the Selection Period

Table 111-12 shows that the average fertility and hatchability

during the six series of mating were 57. 7% and 72.0%, respectively,

in selected birds and 79. 7% and 79. 8%, respectively, in the control

birds. In the first series of matings the fertility was 63.0% and

hatchability 73.0% while in the sixth series they were 52. 7% and

64.5%, respectively, indicating that selection for body weight had

apparently an influence in decreasing both these traits.

Embryo mortality was higher in the selected line than in the

control line, especially during the third week. One factor along with

selection was possibly the longer storage period, 14-16 days, for

eggs of the selected line, which affected the fertility and hatchability

as indicated by the decrease of these properties in the selected line.



Table 111-12. Percent Fertility and Hatchability and Embryo Mortality in Eggs Incubated During the Period of Selection for Body Weight in
Japanese Quail

Series No. No. Eggs FER
a

HAEb HFEc Did D2e D3 TDg

1 15 29 63.0 46.0 73.0 2.3 3.0 21.7 27.0

2 691 59.0 38.1 64.5 4.7 6.6 24.3 35.5

3 1368 48.5 34.9 72.1 2.5 1.8 25.8 30.0

4 1477 56.5 44.8 79.3 1.7 1.0 18.1 20.7

Control 277 74.7 58.8 78.7 0.1 0.0 0.2 25.6

5 1007 67.9 51.5 75.9 3.1 0.9 20.2 24.1

Control 177 79.1 62.7 79.3 2.1 0.7 17.9 20.7

6 1324 52.7 33.9 64.5 3.7 1.4 30.3 35.5

Control 252 85.3 69.4 81.4 2.8 0.0 15.8 18.6

Total or
Average Selected 7396 57.7 41.6 72.0 2.8 2.2 23.0 28.0

Total or
Average Control 706 79.7 63.6 79.8 1.7 0.2 11.3 20.2

a = Fertility
b = Hatchability of all eggs
c = Hatchability of fertile eggs
d = Dead embryo in first week

e = Dead embryo in second week
f = Dead embryo in third week
g = Total dead embryos co

co
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In general, the results closely agree with those of Woodard et al.

(1965) who stated that most embryonic deaths in quail occur during

the first one to three days or just prior to hatching. The pattern of

embryonic mortality closely approximates that for chickens and

turkeys. Their work also showed that hatchability of fertile eggs

decreases at a fairly high and constant three percent for each day

of storage.
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EXPERIMENT IV. MATERNAL EFFECT

Maternal effect in the domestic fowl expresses itself principally

in the relationship between hatching egg weight and chick weight at hatch-

ing and during the early chick growth period. This may tesult from

differences among dams in size of egg, maternally provided nutrition,

transmission of pathogens and antibodies, cytoplasmic inheritance

and as a result may increase the correlation among maternal sibs

and between a mother and her offspring. These effects are environ-

mental, but may be erroneously interpreted as hereditary and they

have been studied since early in this century.

Experimental Methods

The principal method of determining the magnitude of the effect

of a maternal environment in birds is to measure the correlation be-

tween egg weight and body weight of resultant chicks at hatching time.

This procedure was carried out in the first series of matings in Ex-

periment III during a total of six hatches. Eggs were weighed every

day and chicks were weighed on the hatching day as well as at two

weeks of age. Thus, the correlation between egg weight and chick

weight could be measured on hatching day as well as at two weeks of

age. In Experiment VI a similar study was also made to compare

the correlation after six series of matings with that obtained in the



Table IV-1. Correlation Coefficients (r) Between Egg Weight (x1) and First Day (x2), Second Week (x3) and Third Week (x4) Body Weight.

Variable First Trial (On Deficient Diet)
r

xl x2 0.996

xl x3 0, 982

Second Trial Protein Levels
Pooled

17.8 22.4 27.0 31.6 36.2 Protein

(r) Control Line

X x 0.995 0.998 0.998 0.996 0.998 0. 997

x1 x3 0. 893 0.995 0.997 0.998 0.993 0. 985

xi x4 0.989

(r) Selected Line

x1 x2 0.999 0.997 0.999 0.998 0.996 0.998

x1 x3

x1 x4

0.988 0.990 0.987 0.996 0.994 0.999

0.988
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third experiment after only one series of matings as well as to meas-

ure the effect of change in egg weight and body weight that resulted

from selection for early growth.

Results and Discussion

The correlation coefficients computed according to Snedecor and

Cochran (1967) are assembled in Table IV-1. High correlations be-

tween egg weight and hatching day and between egg weight and two-

week body weight were found in the control as well as in the selected

lines. In the second trial (Experiment VI) the birds were fed a prac-

tical diet (Table I) in the third week and therefore, the correlation

between three-week body weight and egg weight could also be calcu-

lated and was also found to be still high. Furthermore, from Table

IV-1 it is evident that the protein levels had no effect on the correla-

tion. Finally, overall results show that maternal effects had a great

influence on early weight through at least the third week.

Maternal effects have a tendency to decrease with age, although

the decrease is gradual as evidenced by a decrease of 0.013 only in

the correlation coefficient from the first day to the second week in

the control line and of only 0.011 in the correlation coefficient from

the second to the third week in the selected line. This agrees well

with the percent variation accounted for by regression as listed in

Table IV-2. Here a higher variation is evident for hatching time .as



Table IV-2. Regression and the Percent of Dependent Variance Accounted for in Regression Between Egg
Weight (X) and First Day (X1), Second Week (X2) and Third Week (X3) Body Weight.

Variable Regression Percent of dependent variance
accounted for by regression

X X1

X X2

X X1

X X2

X X3

X X1

X X2

X X3

First Trial

0.61

2.33

Second Trial

Selected

0.70

0.83

0.92

Control

0.74

2.33

2.93

0.54

0.24

0.54

0.03

0.02

0.73

0.19

0.14
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indicated by an average value of 0.6. This finding gains added sig-

nificance when added to the data of El-Ibiary et al. (1966) who found

a correlation of 0.47 between egg weight and maternal body weight

at six weeks of age.

Differences between dam and sire variance components in addi-

tion to containing various types of non-additive genetic effects also

reflect maternal effects. If dam estimates are higher than sire

estimates, maternal and non-additive effects are important as was

found to be the case in this investigation (Experiment III) as well

as those of Siegel (1962) and of Yao (1961). On the other hand both

these effects were found to be negligible by Mark and Lepore (1965)

since in their experiment dam estimates (0.63) were only slightly

higher (0.07) than sire estimates for four week body weight of

Japanese quail selected on an adequate diet.

Comparing the two lines in Table IV-3, for egg as well as

body weight, it is seen that egg weight improved from 10. 5 (control)

to 12. 2 (selected) grams which reflects a positive correlation between

egg weight and body weight and also a correlated response in egg

weight as a result of selection for body weight.



Table IV-3. Egg Weight, First Day and Second Week Body Weight for the Control and Selected
Line of Japanese Quail in Experiment IV.

Trait

Control Line

Weight/ gm

Selected Line

Weight/ gm

Egg Weight 10.5 12.2

First Day
Body Weight 6. 8 8. 6

Second Week
Body Weight 39.8 47. 3
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EXPERIMENT V. THE EFFECT OF SELECTION
ON GROWTH PERFORMANCE

It was of interest to determine if any difference in growth exist-

ed between the control and the selected birds after selection for

growth and if the difference, if any, expressed itself on an adequate

diet and/or only on a deficient diet or on both since this would reveal

if selection for superior growth rate had altered protein requirements

for growth.

Experimental Procedure

Day-old chicks of mixed sex were hatched from the control line

as well as from the sixth series of the selected birds (tested) and

their progeny (untested). Both groups were tested on the control

and the deficient diets in duplicate lots with body weight as the cri-

terion.

Results and Discussion

The data in Table V-1 can be assessed in two ways: (1) com-

paring the two lines to each other on both types of diets and (2) com-

paring the lines to themselves when subjected to a diet change. Ac-

cordingly, in the firstinstance (a) chicks from the selected line on a

deficient diet showed 15% (5. 6 gm/36.4 gm) greater body weight than



Table V-1. Growth Response at Two Weeks of Age of Selected Quail From the Last Series of Matings (Series 6) Compared to that of the Control
Line on Both Deficient and Control Diets.

Replicate
Average

Body Weight (gms)

SELECTED LINE CONTROL LINE

Feed Feed Average Feed
Conversion Consumption (gms) Body Weight (gms) Conversion

Feed
Consumption (gms)

Deficient Diet
1 42. 5 1.70 72.3 36. 2 1.93 70.0

2 41.4 1. 68 69.6 36.6 1. 99 72. 7

Average 42.0 1. 69 71.0 36.4 1.96 71.4

Normal Diet

1 51.3 1. 64 84.2 42.5 1.83 77. 6

2 52.7 1. 64 86.4 43.5 1.72 75.0

Average 52.0 1. 64 85.3 43.0 1.78 76. 3
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the control line on the same deficient diet and (b) the chicks from the

control line on a normal diet were 17% (9.0 gm/52.0 gm) smaller than

those from the selected line on the same normal diet. The second

method of comparison yielded the following information: (a) the se-

lected line showed a 24% (10.0 gm/42.0 gm) weight increase when

placed on a normal diet and (b) the control suffered a 15% (6. 6 gm/

43.0 gm) decrease in weight when placed on a deficient diet. Thus,

the selected line did better than the control on both diets and an anal-

ysis of variance, Table V-2, showed that these differences between

the selected line and the control line on the deficient and normal diets

were significant. Furthermore, since the selected line was superior

to the control line, irrespective of the diet, this corroborated the

results reported in the experiments of Lerner and Bird (1948) that

selection was not so much for a specific resistance to protein defi-

ciency as for an overall superior growth rate. On the other hand

Lamoreux and Hutt (1948) were able to substantiate the success of

their experiment since their selected line displayed superiority over

the control only on the deficient diet indicating that the difference

between it and the control line was concerned specifically with a

resistance to a nutrient deficiency.

It is probable that relatively few genotypes could be tested in

as small a population as used in our study. Since success in selec-

tion depends, however, on altering gene frequency for a given trait,



Table V-2. Analysis of Variance of Two-Week Body Weight (gins), Feed Conversion, Feed Consumption and Feed Efficiency of Two-Week
Old Japanese Quail.

Sources of Degrees of Mean Square Mean Square Mean Square
Variance Freedom Body Weight Feed Conversion Feed Consumption

Total 7 36, 08 0.018 38. 64

Replicate 1 0, 36 0. 020 0.01

Diet 1 138, 61XX 0, 020 186. 24xx

Line 1 105. 85
xx

0, 070x 36. 97
xx

Diet X Line 1 5.95 0, 010 44.18XX

Error 3 0. 60 0, 003 1, 03

x

xx

Significant at level P< 0, 05

Significant at level P< 0. 01
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it would be best achieved in a large population and might explain why

we noted no apparent resistance to protein deficiency in the population

even after six series of matings. The superior growth rate of the

selected line not only on the deficient diet, but on the control diet

as well, might be accounted for by two possibilities: higher effici-

ency of feed utilization or a better appetite (Lepore, 1965).

It seems that since the selection methods used in this study

and that of Lerner and Bird (1948) were as painstaking and time con-

suming as those of Lamoreux and Hutt (1948) and Hess et al. (196Z),

the success of the latter two studies and failure of the former can

possibly be ascribed largely to chance. Similar differences in re-

sults of selection were also reported by Falconer (1960). Upon closer

examination, the factor common to all the selection experiments was

the criterion used to judge the success of selection, namely body

weight gain on a given diet. Maybe the time has come to look for a

more refined and precise criterion, perhaps of a biochemical nature,

whereby resistance to a given deficiency in the diet could be evalu-

ated. Some work along these lines has recently been reported in a

study with rats fed low and high levels of protein by Sahib and Murti

(1969). These workers noted a marked relationship between hepatic

histidine ammonia lyase and growth by showing a rise in activity with

growth and responding to the protein level of the diet consumed by the

animal. Nesheim et al. (1967) found that the arginine level in the
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liver, muscle and plasma were similar for both the high and the low

arginine requirement lines. Lysine levels on the other hand were

higher at all times for the high arginine strain no matter what the

arginine content of the diet. Their data suggested that the inability

to metabolize lysine appeared to be associated with a high require-

ment for arginine.

In addition Nesheim (1968) noted that the level of kidney arginase

activity of chicks from the high arginine requirement strain rose to

a level three to four times that of chicks from the low arginine re-

quirement strain following several days of feeding an arginine-deficient

diet. None of these workers used enzyme activity as a basis of selec-

tion, but their results indicate the possibilities of more refined selec-

tion criteria such as enzyme activity.
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EXPERIMENT VI. DETERMINING THE EFFECT OF
SELECTION FOR GROWTH ON SUBSEQUENT

PROTEIN REQUIREMENTS

The purpose of this experiment was to determine the difference

in performance between the control and selected lines after carrying

out selection for two-week body weight for six series of matings in

Japanese quail fed a diet deficient in protein. Another purpose was

to find out whether the selection had an effect on changing the require-

ments for protein.

Experimental Method

Duplicate lots of eight to nine Coturnix day-old chicks of mixed

sex were taken from both the control and selected lines and used in

each treatment. Protein levels were identical to those used in Ex-

periment I.

Results and Discussion

From Tables VI-1 and VI-Zit is clear that selection brought

about significant changes between the control and the selected line

in terms of body weight. In addition, Table VI-2 also indicates sig-

nificant differences in body weight between the various dietary levels,

which are indicated by a difference in the small letter next to the

body weight in Table VI-1. The lack of a significant difference is



Table VI-1. Effect of Varying Levels of Protein on Growth of the Coturnix Chicks to Two Weeks of Age.

Protein Level (Percent)

Variables 17. 8(A) 22.4(B) 27.0(C) 31. 6(D) 36. 2(E)

Control Line

Body Weight 35.60a 38.74a 47. 34bc 49.31c 45.51b

Feed Conversion 2, 05 2. 15 1.75 1.76 2.11

Feed Consumption 72. 12a 82. 93ab 83. 06b 86. 69b 96. 32c

Selected Line

Body Weight 40. 10a 46. 95b 47. 11b 52.40c 50. 23bc

Feed Conversion 2.09 1.84 1.78 1.97 1.95

Feed Consumption 83.82a 86, 61ab 84.39b 102.50c 97.09b

a, b and c = The means which have the same letter are not significantly different



Table VI-2. Analysis of Variance of Two-Week Body Weight, Feed Conversion and Feed Consumption of 908 Japanese Quail Chicks.

Sources of Degrees of Mean Square Mean Square Mean Square
Variance Freedom Body Weight Feed Conversion Feed Consumption

Replicate 1 0.073 0.1186 207.4968

Diet 4 102.816** 0.0584 247.5570*

Line 1 82.540 0.0065 221.6648

Diet X Line 4 9.338 0.0427 45.250S

Error 9 4.188 0.0492 50.9858

*Significant at level P< 0.05.

**Significant at level P< 0.01.
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indicated by no change in the letter. Accordingly, no significant in-

crease is noted in the control line beyond the 27% protein level, con-

firming results obtained in Experiment I which had led to choosing

this for the optimum level for the control diet.

Looking at the 22. 4% protein level it is apparent that selection

did bring about a decrease in protein requirements as evidenced by

a higher weight gain in the selected line than that exhibited by the

control on this ration.

A slightly unusual development was the next significant increase

in the weight of the selected line observed on the 31.6% protein level,

although unexpected, nevertheless, looked at in relation to the other

data, it can be accounted for. First, a good performance on a high

protein diet does not necessarily infer a high requirement for protein.

Secondly, the significant weight increase was accompanied by a higher

feed consumption with no change in feed conversion. Thus, since

the feed to gain ratio remained constant between protein levels, it

is not surprising that consuming more feed brought about more gain.

This, of course might be additional evidence that rather than select-

ing for a resistance to protein deficiency some selection for greater

appetite may have been involved, since a similar increase in feed

consumption (though not as significant) accompanied the weight gain

at the 22.4% protein level. This is only an hypothesis and additional

evidence would be required to support it. It does provide, however,
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a possible explanation for the weight gain on the 31.6% diet in the

selected line.

One notable discrepancy becomes obvious in Figure VI-1, name-

ly, between body weights obtained for the control line on the 22. 4%

protein level in experiments I and VI. Why this should be so is not

clear since a Kjehldahl conducted on all rations in Experiment VI to

verify the expected compositon showed close agreement (Nx6. 25:

18. 3,, 22. 1, 26.1, 29.8 and 35.3 for rations A, B, C, D and E, respec-

tively). These were the same formulas and ingredients as were used

to mix the rations in experiment I (Nx6. 25: 17.9 and 26.5 for A and

C, respectively).

Finally, selection over six series of matings successfully

lowered protein requirements by almost five percent in the Japanese

quail. Whether selection for resistance to protein deficiency was

successful remains undetermined, however. According to Lamoreux

and Hutt (1948) to be truly resistant, a line must exhibit superior

performance on the deficient diet only, since higher growth on a

normal diet would indicate selection for overall superior growth

(Lerner and Bird, 1948). Thus, performance on a normal diet be-

comes the deciding factor. Accordingly, a statistical analysis indi-

cated significant differences on a normal diet between control and

selected lines (Table V-1), whereas the data in Table VI-1 is a

direct contradiction of this. In both series of data, however, the
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selected line behaved better on the deficient diet. The two experi-

ments were similar in every respect except that the eggs in Experi-

ment VI, although taken from the same breeders as in Experiment V,

were laid two months later. Whether this might have accounted for

the slightly different performance of the chicks, however, is ques-

tionable. Collection of more data on this point seems indicated.
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EXPERIMENT VII. PENDULOUS CROP (EDEMA)
IN JAPANESE QUAIL

An abnormality which resembles the pendulous crop reported

in turkeys by Hinshaw and Asmundson (1936) has been observed at a

high percentage among the quail chicks placed on the deficient diet

(Table I-1) for two weeks after first receiving the normal diet for

one week immediately after hatching. This condition was found to

be completely alleviated when the affected birds were fed a normal

diet (Table I).

Historical Review

There are many reports in the literature on the interaction

between genetic and environmental factors and many studies deal

with the effect of the environment in modifying genetic traits. The

antagonism between embryonic growth requirements for riboflavin

and the production of melanin observed by Bernier and Cooney (1954)

is an example of such an interaction.

Cline (1933) was the first to report on pendulous crop in tur-

keys. He called it drop crop and suggested that a low protein level

might be responsible. In 1936 Hinshaw and Asmundson noted this

condition in turkeys and suggested that more than one factor might

play a part in causing it in commercial flocks. Heredity was first
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in importance and environment second as it was noticed that the

incidence increased with high temperature and with low humidity.

They also suggested that selection appeared to be the best way to

avoid this condition. In 1938 Asmundson and Hinshaw showed that

50-100% of the progeny of affected individuals developed a pendulous

crop.

Rigdon et al. (1958) produced pendulous crop in turkeys fed a

diet containing cerelose and suggested that S. tellustris was likely

the organism responsible for this condition. Wheeler et al. (1960)

observed 100% incidence of the pendulous crop condition in Broad

Bronze Breasted turkeys fed glucose monohydrate and an absence of

the disorder in birds fed a starch or normal diet. In addition they

found a breed difference in incidence of crop mycosis which results

in pendulous crops in Broad Bronze Breasted turkeys and in high

mortality in Beltsville Small Whites.

In 1962 Harper and Arscott induced pendulous crop between the

fourth and eighth weeks of age in turkeys fed a high fish meal basal

diet or a diet containing four percent salt which resulted in abnormally

high water consumption. In chickens fed a purified diet deficient in

pyridoxine (Miller, 1968), pendulous crop has been observed as

early as one week of age and becomes pronounced in the fourth week.
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Description of the Disorder in Quail

Birds three weeks old and younger at first showed a slight crop

distention which continued to enlarge until the crop wall became so

thin that it was easy to see that the contents of the crop were mostly

water. In the birds most affected, the crop was very large reaching

almost the abdomen and when the birds were held head down consider-

able liquid flowed from the beak without any manipulation of the crop.

A few birds were taken to the 0. S. U. Veterinary Diagnostic

Laboratory for investigation and no infection was observed. The con-

tents of the crop had no odor and appetite did not appear affected.

Some of the affected birds grew more slowly, but others showed a

remarkably high body weight. Several affected birds died, but as

indicated earlier, the affected birds which survived until the end of

the experimental period recovered after the feed was changed from

the deficient to a diet adequate in protein.

Selection for Increased Incidence

It was noticed that the progeny of certain matings (one male with

two females) were all affected and showed the water crop condition,

and these were then saved and mated in order to investigate the pos-

sibility of increasing the incidence of the abnormality.

The reports which are mentioned in the literature lead one to
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think it might be possible to increase the incidence of pendulous crop

by mating the affected birds together and feeding them the feed that

resulted in the incidence of the defect. So, on this basis two males

and five females were kept together in one pen, as breeders of the

first generation. Control birds were kept alongside these birds.

The first generation was obtained with three hatches. The progeny

of the selected and the control birds were kept together during the

testing period for comparison. The second and third generations

were obtained by selecting those birds that exhibited the disorder

and mating them together as breeders for the following generation.

Only mass selection was practiced during this period.

Results and Discussion

From Table VII - 1 it can be seen that the incidence of pendulous

crop was increased 200% in the first generation. This increased

incidence of pendulous crop was thought to arise from the low pro-

tein diet, 50% of which was sugar in the form of cerelose as the sole

source of carbohydrate. Thus, in the second generation the quail

were tested on a cerelose as well as on a sucrose diet to determine

if the type of sugar was a contributing factor. Cerelose is an isomer

of glucose, while sucrose is a dimer of glucose and fructose. Two

samples of chicks were put on a cerelose and two on a sucrose diet.

The results of this comparison as seen in Table VII-2 indicate no



Table VII-1. Incidence of Pendulous Crop in Japanese Quail During the First Generation of Selection for Increased Incidence.

Progeny of Birds Selected
for Incidence of Pendulous Crop Control Birds

Sample

Average
Body Weight (gms)

(Three Weeks) Sex No. of Birds
Birds

Affected % Incidence

Average
Body Weight (gms)

(Three Weeks ) Sex No. of Birds
Birds

Affected % Incidence

1 66.6 M 8 4 50 59.0 M 2 1 50

67.0 F 8 4 50 63.7 F 3 1 33

2 69.6 M 10 5 50 64.4 M 8 0 0

63.3 F 6 4 66 57.0 F 7 0 0

3 67.6 M 9 2 22 59.0 M 4 0 0

63.6 F 9 3 33 61.1 F 10 2 20

Total 67.7 M 27 11 40.6 60.8 M 14 1 16.6

64.6 F 23 11 49.6 60.6 F 20 3 17.6

66. 2* both SO 22 45. 2 60.7* both 34 4 17.2

*The difference is significant



Table VII-2. Incidence of Pendulous Crop in Japances Quail During the Second Generation of Selection for Increased Incidence and Interaction
with Type of Sugar in the Diet.

Sample Energy Selected Birds
Source Average Sex Number Number % Inci- Average

Body of Birds of Birds dence Body

Weight Affected Weight

Control Birds
Sex Number Number % Inci

of Birds of Birds dence
Affected

1 Cere lose 53.4 M 5 1 20 51. 2 M 12 3 25.0

60.4 F 8 6 75 54.0 F 7 3 42.8

2 69.5 M 8 3 37 62.8 M 6 0 00.0

69.7 F 17 8 47. 60.0 F 9 4 44.0

Total 61.5 M 13 7 53.8 57.0 M 18 3 16.7

65.1 F 25 14 56.0 57.0 F 16 7 43.8

63.3 Both 38 21 55.3 57.0 Both 34 10 29.4

3 Sucrose 59.7 M 21 6 31.6 62.9 M 12 5 41.7

64.2 F 19 7 33.3 65.9 F 13 2 15.4

4 11 57.2 M 18 11 61.0 57.3 M 12 3 25.0

60.3 F 20 6 30.0 57.1 F 10 3 30.0

Total 58.5 M 39 17 43.6 60.1 M 24 8 33.0

62.3 F 39 13 33.3 61.5 F 23 5 21.7

60.4 Both 78 30 38.5 60.8 Both 47 13 27.7
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difference in the incidence between the two types of sugar, neither

in the selected nor in the control lines. However, a 25% increase

over the first generation in the case of the cerelose diet was noted

in the selected line. Furthermore, there was a significant difference

between the selected and the control lines with the selected line having

a higher incidence of pendulous crop on both diets.

Body weight also showed a significant increase over the control

birds. This increase did not continue at a significant rate into the

second and third generation, however; but in terms of actual figures,

slightly higher body weights were noted for the selected birds, at-

tributable perhaps to the water content of the crop. Unfortunately,

it was not possible to confirm this since the weight of the crop con-

tents was not determined.

Since the type of sugar had no noticeable effect on the incidence

in the second generation, in the third generation it was decided to

test if the source of energy would make any difference in the inci-

dence of pendulous crop. Thus, the selected and the control lines

were tested on both a cerelose as well as on a 30% fat (corn oil) diet.

The bulk lost in replacing sugar with corn oil was made up by adding

a chemically inert cellulose product (Solka Floc BW 100, Brown

Company) (24%) to add stability and serve as a binder for the ration.

Table VII-3 shows that there was no significant difference in the in-

cidence of pendulous crop in the selected and control lines when fed



Table VII-3. Incidence of Pendulous Crop in Japanese Quail During the Third Generation of Selection for Increased Incidence and as Influenced by
Corn Oil and Cerelose in the Diet.

SELECTED
Sample Energy Average Sex Number Number % Inci- Average

Source Body of Birds of Birds dence Body

Weight Affected Weight
Three Weeks

Sex
CONTROL

Number Number % Inci-
of Birds of Birds dence

Affected

1 Corn Oil 61. 6 M 10 2 20.0 65.0 M 8 1 12. 2

67.4 F 10 2 20.0 67. 2 F 5 2 40.0

2 70.4 M 20 6 30.0 72.9 M 10 2 20.0

71.6 F 18 3 16.7 65.2 F 11 2 18.2

Total 66.0 M 30 8 26.7 67.9 M 18 3 16.7

69.5 F 28 5 17.9 66.2 F 16 4 25.0

67.8 Both 58 13 22.4 67.1 Both 34 7 20.6

3 Cerelose 69.4 M 19 8 42.1 71.3 M 11 5 45.5

74.2 F 10 8 80.0 71.3 F 13 3 23.1

4 71.7 M 6 4 66.6 69.4 M 9 1 11.1

73.3 F 7 3 42.9 68.5 F 8 1 12.5

Total 70. S M 2S 12 48. 0 70. 3 M 20 6 30. 0

73.7 F 17 11 64.7 69.9 F 21 4 19.0

72.1 Both 42 23 54.8 70.1 Both 41 10 24.4
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a corn oil diet, but again on the cerelose diet the selected line showed

a higher incidence of pendulous crop than the control line. The

selected line had a much higher incidence of pendulous crop when

fed the cerelose diet than when fed the corn oil diet, whereas the con-

trol line showed the same incidence on both diets.

There was no increase in the incidence of pendulous crop in

the third generation over the second generation.

Continuing the investigation of the nature of pendulous crop in

Japanese quail, another trial was conducted to determine the differ-

ence in feed conversion and feed consumption between the selected

birds and the control line when fed three types of diet: control (27%

protein), cerelose and fatty diet.

Tables VII-4 and VII-5 indicate that there was no significant

difference in body weight and feed conversion between the lines during

the first week of age when fed the control diet, but there was in feed

consumption.

Examining results during the second and third weeks, it was

found that the selected line had a higher body weight than the control

on all the diets. Although the control diet gave superior body weight

over the other two diets no significant difference in performance was

noted between the cerelose and fatty diets for either line.

Feed conversion and feed consumption did not differ significantly

for the selected and the control line, but in terms of actual figures the



Table VII-4. Body Weight (gms), Feed Consumption (gms) and Feed Conversion of Japanese Quail Fed a Control Diet Until One Week of Age
and Then Tested on Three Diets up to Three Weeks of Age.

PENDULOUS CROP POPULATION CONTROL POPULATION

One Week of Age
(Control Diet Only)

Body Weight 23. 60 26.10 27.10 22.50 21.70 19.10

Feed Conversion 1. 27 1.21 1.43 1.18 1.20 1.22

Feed Consumption* 30.00 31.10 32.00 26.80 26.20 23.30

Three Weeks of Age
(Three Diets)

Control Cerelose Corn Oil Control Cerelose Corn Oil

Body Weight 80.60b 71.60a 70.30a 69. 10b 65, 40ab 62.90a

Feed Conversion 2.55 2.82 2.70 3.38 3.02 2.83

Feed Consumption 145.40b 125, 40a 116.80a 153.80b 121.60a 113.30a

a, b - The means with the same letter are not significantly different

* - Significant differences between lines at level P < 0. OS.



Table VII-5. Analysis of Variance of Body Weight, Feed Conversion and Feed Consumption at One and Three Weeks of Age.

Mean

ONE WEEK

Mean Mean
Sources Degrees Square * Square Square

of of Body Feed Feed
Variance Freedom Weight Conversion Consumption

Line 1 30. 36 0.016 47.040*

Replicate 2 0.46 0. 008 0. 530

Error 3 3.97 0.004 2. 650

Total 6 7. 20 0.007 9. 340

THREE WEEKS

Line 1 105. 00** 0. 224 0.021

Diet 2 37. 80* 0.021 648. 770**

Error 3 2.40 0.050 16. 140

Tot al 6 31. 29 0.069 224. 360

*Significant at Level P < 0. 05

**Significant at Level P < 0.01
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control line had a slightly higher feed conversion. Comparing the

birds on the three diets, there was no significant difference between

them with regard to feed conversion. The control diet proved superior

to the cerelose and fatty diets in terms of feed consumption however,

although no difference in this criterion was noted between the cerelose

and fatty diets for either line.

The results indicate that heredity is definitely a factor associ-

ated with pendulous crop, since the incidence of this condition was

increased through selection. The diet also seems to be an influence

as evidenced by the cerelose diet. Pendulous crop in quail, as previ-

ously demonstrated in turkeys, is a good example of genetic and en-

vironmental factors interacting together to induce an abnormality.
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SUMMARY AND CONCLUSIONS

Using Japanese quail (Coturnix coturnix japonica) as a labora-

tory bird, experiments were conducted to determine the possibility of

developing a strain with lower protein requirements. Special atten-

tion was focused on whether the selected line had developed a specific

resistance to a protein deficiency.

Optimum protein level was determined to be 27%. In order to

develop a line with lower protein requirements, selection was carried

out using two-week body weight on a 17.8% diet as a criterion of selec-

tion throughout six series of matings. At all times comparisons were

made with the performance of control birds on both an adequate and

on a deficient diet, 27. 0% and 17.8% protein, respectively. The

conclusions based on the data collected are:

(1) Based on full-sib analysis, heritability estimates for growth

were 0.17, 0. 62 and 0.39 for sire, dam and combined components,

respectively. The heritability estimated from parent-offspring re-

gression was 0.18 for the selected line. The realized heritability

estimate was 0.16.

(2) A 7. 6 gm response to selection was observed after the

sixth series of matings.

(3) Selection for two-week body weight decreased fertility from

63% to 53% and hatchability from 73% to 65% during six series of
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matings.

(4) Egg weight increased by approximately two grams after six

series of matings.

(5) Inbreeding was negligible for the first five series but in-

creased by 0.1 from the fifth series to the sixth.

(6) The high correlation beteen egg weight and second week

body weight and the greater variance estimate from the dam than

for the sire component in Experiment III indicated that maternal

and non-additive effects had some influence on these two traits.

(7) A study was undertaken to investigate the genotype-environ-

ment interaction resulting in pendulous crop in some birds. Selection

on the deficient diet increased the incidence of this condition demon-

strating that genetic as well as environmental effects, such as present

in the form of a high sugar diet, were responsible for an abnormally

high consumption of water.

(8) From Experiment V it was evident that selection was suc-

cessful in lowering protein requirements from 27% to 22.4%, although

as mentioned previously, this was not due so much to a specific re-

sistance to protein deficiency as to an overall higher growth rate.

(9) This research provides evidence that body weight may not

be the best criterion for selecting for a specific resistance to a defi-

ciency in the diet. Recent work reported in the literature shows that

some specific amino acids and enzyme activities are correlated with
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growth and evidence would seem to indicate that there may be more

refined and meaningful criteria of growth potential than body weight

and that these may be worth pursuing in future selection attempts.
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Appendix Table 1. O. S. U. Broiler Vit-Min.
Mixture' PM-1-65

Amt/5 lbs

Vit. A, USPU

Vit. D, ICU
Vit. E, IU
Menadione Na-bisulfite, gm

Riboflavin, gm
D-pantothenic acid, gm

Niacin, gm
Choline, Cl, gm
Vit. B12,

3,

1,

000, 000

000, 000

1, 000

0.5
3.0

5.0

20. 0

200.0

5.0

BHT, gm 113, 0

Zn Bacitracin, gm 4. 0

Managanese, gm 54. 0

Zinc, gm 25. 0

Iron, gm 18. 2

Copper, gm

Iodine, gm
Cobalt, gm

'Adapted from Nopcosol M-5-1960
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Appendix Table 2. 0. S. U. Layer Vit-Min
Mixture' PM-2-65

Item Amt/5 lbs

Vit. A, USPU 3, 000, 000

Vit. D, ICU 1, 000, 000

Vit. E, IU 1, 000

Menadione Na-bisulfite, gm O. 5

Riboflavin, gm 2. 0

D-pantothenic acid, gm 3. 0

Niacin, gm 15.0

Cho line Cl, gm 100. 0

Vit. B12, mg 4. 0

BHT, gm 113. 4

Zinc, gm 25. 0

Manganese, gm 5400

Iron, gm 18.2

Copper, gm 1.8

Iodine, gm 1.1

Cobalt, gm 00 2

1 Adapted from Nopcosol M-3-1960


