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IHTROTUCTION

Although chickene have been raised as a source of fpod by man for
many years, cemparatively little scientific effort has been made to de-
velop strains of chickens possessing uniform body type combined with
superior fleshing ability with a view toward the greateet possible uti-
lization of feed in producing the kind of dressed birds most desired by
consumers.,

This is due perhaps to the fact that two-thirds or more of the in-
gome from raising chickens has come rom the production and sale of eggs.
Also, the habit of eating the meat of other animels hes begome strongly
established. Hew information and knowledgs concerning poultry genetics,
physiology, nutrition and neragement, inoreased purchasing power, a grow-
ing demand for more poultry wneat and & trend toward greater specimlization,
however, have focused greater attention in recent years upon tie develop~
ment of & more desirable meat-type chicken. ‘

‘ The Brahma, Cochin, Lamgmlwn, Jersey Gign@,‘nﬁd fﬁp c«;ﬁish are some
of the older and more important breeds of ohickens that have been produced
primarily for mest purposes. The total number of ohickens of theae“brﬂedd
raised, hovever, is small because esch breed mentioned poaloas§s one or
more undesirable characteristice, such as iow hateohability, slow featner-
ing, late maturity, poar fecundity, inefficient feed utilization, poor
body conformation or & small proportion of edible meat whioh tend either
to restrict produotion by the producer or acceptance by the consumer. A
far greater number of chickens of either the Hew Hampshire, Rhode Island
Red, Plymouth Roek, or the Leghorm breeds, in which these undesirable
characteristics are less pronounced, sre raised and eaton in this country

sach year.



Even though purebred New Hampshires, Rhode Island Reds, Plymouth
Bocks, and Leghorns are the most populsy breeds of chickens raised on
farms and in commercial sgg-producing seotions of the United States, mile
lions of young eorossbred chickens are raised for market in the large
broiler-producing areas each year. Both sexes of these crossbreds are
killed and marketed at an early age, 12 to 14 weeks, when the most profit-
able gains in weight have been ma&de and while the carcass is still soft-
meaied and tender. MNost of the males and some of the female ohickens raised
in the commercial areas and to & less extent,those raised in the farm flock
areas, are likewise disposed of &t an early age. All healthy meture chick-
oans ga&aed for egg or meat production are likewise killed to provide food
for man at one time or another.

‘The market grade and value of each of these young and old birds de-
pend primarily upon the body conformation and the amount of flesh preseut.
In'thc*grading end marketing of live and dressed carcasses, piﬁapnaso of .
rfleching thrnnghéu% the body is essential %o high quality. Pulneas orK
muscular development is also basic to rmaximum fat production, RQverthelsss,
the type of body found in many individual birds apparently is not conducive
to the development of plump breasts. The length of the body imrelation te
its depth and breadth may be out of proportion, thus presenting & slabe
sided carcass, or, at least, an angular type of body. The most desirable
carcass ['or meat purposes sppoars Lo be one that is comparatively long and
broad, moderately deep, well-flested, fat, and with legs that are relatively
short, plump, and meaty. MHost consumers prefer and are willing to pay more
for the white meat than for the dark meat in gut-up ohicken. The length,
width, depth,and quantity of flesh on the breast is therefore of greatest
interest to both seller and buyer. The contour of this area probably has

more influence on the grade and valus of the bird than any other region.



Two kinds of measurementa are used to determine carcass quality in
market birds. Ome kind includes linear and body dimensional measurements,
such as weight, length, width, and depth of body, all of which may be
determined fairly accurately. The second kind includes commercisl grades
which are more or less subjective in nature and are detormined by the
grader according to a set of specifioations and from impressions received

through the hands and eyes.
PURPOSE OF STUDY

NHo practical methods of precise measurements on living birds which
desoribe the degree of excellense of the dressed caroass are as yet avail-
able, BSeveral methods have been proposed, but none of them have proved to
be accurate or simple enough for practical &ppliaatsmg |

The purpose of this study ia to determine the Nl‘ationship between
various body measurements and the amount of breast meat and the grade of
carcass in young purebred and crossbred chickens mrkobod‘ for moat purposes.
Informmtion of this kind should be enlightening to breeders and research
workers who are endeavoring to develop a more desirable meat-type chicken,
to producers who are looking for e botter msasurement or index of fleshing
and fattening, to graders and marketing officials whose judgment 1s gues-
tioned cocasionally, and to consumers who are eager to buy meat-type chickens

with better appearance and carcass quality.



REVIEY OF LITERATURE

Sevoral investigators have reported on physical measurements as a
basis of establishing desirable market conformation in poultry. Host of
the investigations uppearing in the literature have been made either with

mature turkeys or chickens of breeds other than those used in this study.

Rate of Growth

The period of growth in men and animals according to Brody (1927)
can be divided into two fairly distinoct phases: (1) A self-uocelerating
phase, during which time rate of growth inoreases with the inorease in size
of the organism, and (2) a self-inhibiting phase, during which the time
rate of growth decreases with the increase in size of the organisn.

The age curve of growth has an increasing slope when plotted during
the self-accelerating ph.se of growth and & decreasing slope during the
gelf-inhibiting phase of growth. The junction between ths two phases of
growth coincides roughly with puberty in animals and with flowering in
plants. Puberty is thus & oritical period in the life of the organism
not only becsuse it is the begimming of the reproductive period, but also
because it makes the transition from a consistently imoreasing to e cousis-
tbnily decreasing velocity of growth. 1In the g;awtg curve of man, the
mejor inflection, i.e. the junction between the selr-acqﬁlorating and the
self-inhibiting phases of growth, occcurs when the body weight is roughly
two-thirds of the mature welght. In dowestie animmle, 1%t occurs when the
body weight ie roughly one-third of the mature weight,

These characteristics of growth rate have been observed in poultry.
Extensive studies on breed differences in pullets by Xewmpster (1941) indi-
ocate that tho junction between the two phases of growth referred to sccurs

in chickens at sbout 12 weeis of age, that about one~third of the mature



woight of different breeds of chickens has been attained at this age,
and that soms breeds of chickens grow at a much faster rate than others.

Asmundson and Lerner (1933) observed that the early growth of
Plymouth Rocks exceeded that of Leghorns. Jaap and ¥orris (1937) found
that thite Leghorns weighed slightly more than Barred Plymouth Rocks at
eight weeks of age. They concliuded a&lso that growth to eight weeks of
age is & separate sntity rnot necessarily assoclated with mature body weight.

Waters (1937) reached the same conclusion but Schnetsler (1936) con-
cluded that differonces in rate of growth are assoclated with differences
in mature weight. Lernmer and Asmundson (1938) deronstrated that differences
in early growth within the same breed do not always mean oorresponding dif-
' ferences 1nﬁuaba;a weight. Two strains of Single Comb White Leghorns were
found to tnigﬁ ﬁho same at 36 woeks of age, yet at 12 weeks they differed
by as much as one-quarter of a pound or 20 per cent.

That differences exist among the retes of growth of certain breeds

has been demonstrated by Card and Kirkpatrick (1918), Warrem (1930),
Waters (1931), Lerner and Asmundson (1832), and others. For instance, it
has been demonstrated that Light Brahmas, Barred and White Plymouth Hocks,
BRhode Island Reds, and Light Sussex grow faster during the first few weeks
than Leghorns and Anconas.

Milby and Henderson (1937) found that chickens, turkeys, and pheas-
snts grow at practically the same rate during periods of constant growth,
but that the growth period was more prolonged for turkeys. Pheasants and
ohickens grow at the same rate for 19 weeks, but while growth of pheasants
stopped at that time, the chickens continued growing to 10 months of age.
Migratory dudks and geese had very similar growth rates, and the growth
rete for both doubled that for turkeys, but the decline occurmed earlier

and was much more pronounced.



The growth of the organiesm as a whole is the sum total of the
growth of its parts. Bone, flesh, and fat are the three most important
oconstituent parts of a chicken. Aecording to Jaap (1940) the percentage
of bone increases much more rapidly tham the percentage of flesh and fat
during the early growing period. %hen the ehicken is hatched, it is plump,
but during the first few weeks of growth, it develops more bone than flesh
or fat, later in the growth pericd the percentage of flesh increases more
rapldly. Finally, toward the end of the growth period, the perocentage of
fat increases most rapidly.

Brody {1927) states that the ocourse of growth in length tends to be
linear whereas growth in weight is exponential. Huxley (1932} contends
that differential growth of a limb or appendage or a well-marked region of
the body appears never to be brought about by an squal distribution of ex-
cess growth-potential of the organ or region. On the contrary, the growth
potential of the organ or region is distributed in the form of a growth=
‘gradient, normally with a simple high point or growth-centre, from which
growth-intensity grades downwards in both directions,or in one if the growth-
centre is terminal. In general, the less the difference between the growth-
sosfficient of th; organ or region and that of the rest of the bodf, the
less marked and flatter is the gradiemt, so that in isogonic organs there
is scarcely any gradient, but all the parts grow at approximetely the same
rate ag the body as & whole. There are, however, some unusual gradients
in which the growth-coefficient or part of the organ to tho whole are egual
to, above, or below unity.

The terms "heterogony” by Pasard (1918) and "heterauxesis” by Needam
and Lerner (1940) are used to desoribe the growth rate of a part in rela-
tion to that of tho whole or to othier parts, and the term "allometry"

refers to growth relationahipe between groups or individuals compared at

1



maturity or at any other given stage of development. The terms “"isauxesis®,
"tachyauxesis”, and "bradysuxesis” respectively are also used by Keedam

and Lerner (1940) to indicate that the growth rete of the part is either
equal to, grealer than, or less than that of the whole.

Jaap and Penquite (1938) working with chickens found that skeletal
growth ceases earlier than does the body as a whole. During the first two
or three months shank len;th exhibits more rapid growth, tachyauxesis.
Therefore, the shank becomes propoertionally longer as the size of the
body increases. The age at which shank length ceases to become proportion-
ally longer in comparison to body size has been estimated to be about 12
weeks in females and 16 weeks in mmles. It is supgpested that relstive
growth constants for shank length of female chickens may apply only prior
to 12 weeks of age. Eviderce that 16 weeks may be a comparable age in
males is presented.

In the case of both male turkeys and chickens, growth in length of
shunk ceases by the end of the sixth month after hatehing. Sody growth, how=-
ever, when nmeasured by weight inorease, cotinues to the end of t}ae tenth

month, The growth of the shark in the female turkey resches maturity at
least one month earlier than that of the mele.

Latimer {1827) found that the rate of tﬁe growth of the leg bones in
the fowl is higher than the rate of body-weight growth and that the male
bones incresxse from hatching time to maturity to a greater extent than do
ferwle bones, with the exception of the femur in which case no difference
in rete of growth was observed., Uvidence showing that males grow faster
then females has been sutmitsed by Jull (1923), Ackerson and Mussehl (1830),
Holmes, Pigott, and Campbell (1932), Kempster and Parker (1538), and others,

Lerner (1937) has shovn that the shank grows at & more rapid rate

than the body as a whole. In conneotion with the relation of leg langth

¥



and body wuight witen plotted on & double log grid, Lerner (1987) states
" eeess & 8light flattening of the line at the extreme weight range is
obgserved in the females due to continued deposition of fat after linear
growth has ceased."

The ability to grow fast or slow, which varies from breed to breed
and within a breed, is inherited. Schnetzler (1936) was able to develop a
fast and a siow growing strain of Barred Plymouth Rocks., The average
woight of the sixth generation of Barred Plymouth Zocks at 12 weeis of

age raised by him was:

A -~ Males {rom fast growing strein - 3,11 1bs.
B - ¥ales from slow growing strain - 2,69 lbs.
C - Femsnles from fast growing strain - 2.85 lbs,
I - Fomales from slow growing strain - 2,26 1lbs.

Lerner (1937) made & very extensive and complete review of growth. He
found that the growth of the pectoralis major and the leg bones, as re-
lated to the growth of the entire organism, follows a similar eourse in
the Plymouth Rock and the Minorca breeds of chickens. Hybrids between thess
two breeds, including first generation orosses as well as back orosses, were
found to possess the same pattern of growth of the structures studled as
the parents. OSex differences were noted in the values of tﬁe coefficients
of heterogonic growth, since the females, when compsred with the males,
‘showed a higher value for the pectoralis major with tuupoct.to body weight
;ﬁd a lower value for the leg length with respect to body weight; The basic
genetic complex for the type of growth of parts with respect to the growth
of the whole was found to be common to the different breeds of poultry
studied, with the exception of bantams. vhile in other breeds tachyauxesis
was indicated for muscle and leg bone, he found in bantams bradyauxesis

presont for leg bones and an approximation to isauxesis in the wmuscle. It



was his opinion that bantams possess ,rowth retarding factors which affect
the differemt parts,

Asmundson and Lerner (1933), applying ¥inot's formula to purebred
Wnite Leghorns and Barred Plymouth Rocks, found significant differences
betwoen families for rate ol growth at 2 weeks and 8 weeks. They concluded
that rete of growth was controlled by multiple genetic faetors. Data sub-
mitted by Heuser ané andrews (1932), Lempster and Parker (1936}, Kempster
and Fenderson (1923), and others indicate quite clearly that strains of
the same variety wmay differ widely in early as well as in lste growth rates.

8innott and Tumn (1938) suggest that there are rate-of-growth senes
which are capable of controlling development and determining growth gradients.

Five major lines of evidence pointing to the validity of the multi-
factorial concept are listed by them as follows,

1. The variability of the F2 generation is greater than that
of the Fl.

2. Geneticel distinotness of the P3 progenies from various
polints on the F2 curve of distribution.

3. Linkage of some genes for gusntitative characters with
those usually referred to as quantitative characters.

4. Evidence from Daturz, that each chromosome may have a
bearing on some quantitative trait.

6. Uecwrrence of the phenomena of heterosis.

Humerous investiga:ious have been made to cetermine the effeots of
crossbreeding on rate of growth. Byerly (1930) investigated the size of
embryos of the same age and rom eggs of the sane size from matings of
Rhode Island Keds and White Leghorns and reciprooal crosses between the
two varieties and found that crossbred cmhryﬁi grow fneter thmn §uf§§rod ones.
Lenderson (1930) cbserved little difference tn;tha rate of growth of thite
Legiiorns, Uark Cornish, and their reciprocal crosses, Castle and Cregory

(1931) found that orossbred embryos grew faster than purebred embryos,

‘
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Gregory, Goss and Asmundson (1935) stucied the glutathione concentration
at different ages and found it to be positively correlated with fast em-
bryo growth rate and post-hatohing growth rate.

Jagp and Morris (1937), Horlacher and Smith (1938), May (1825},
Bice and Tower (1939), Waters (1931), Enox, Quinn and Godfrey (1943)
each made & series of poultry orosses and found inoreassd aocceleration
in growth among the hybrids as compsred with the purebreds. This in-
oreased acceloration in weight was maintained only for approximately 8
to 12 weeks. In the investigations where the Fl generation was raised to
maturity, the average weight was spproximately the same as the purebred
progeny. Where reciprocal matings were reportoed, except those by Vaters
(1931), the Fl generation females differed mmterisnlly in weight, indicating
one or more sex-linked genes for rate of growth., However, when the males
_from the krgefs_ﬁfeod were orogsed with femules frum the s;;nﬁér hregc},
tlw“?l meles also had a tendenocy to be larger at 10 weéks o&" &g@‘s{ than those
from the reciprocal crosses. Axelson (1932) made orosses betwsen three
brtﬂia‘at chickens and found no tendency for rate of growth to be sex-
linked. Poffenberger and DeVault (1937) in their amalysis of commercial
broiler production problems in Maryland, observed that on the average bet-
ter results were secured from crossbred broilers than from purebred broil-
ers becawse of the following fectorss Less mortality, slightly faster
growth as indicated by somewhat heavier woight at selling time -~ at 12.6
weeks of age for crossbreds as compared with 13.7 weeks of age for purebreds--
less feed per pound of gain, and a little higher selling price per pound.
The efficiency of feed utiliration by Barred Plymouth Kocks and erossbred
broilers wue studied by Hees, Byerly, and Jull (1941). These workers found
that crossbreds utilize feed wore efficiently on the average than birds of

the parenial strains.
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™ieterosis” or "hybrid vigor,"™ in the opinion of Asmundson and
Lerner (1942), is the only valid reason for crossbreeding. If no hybrid
vigor is obtained when breeds are crossed, there is usually no advantage
in making the cross. The one exception to this may be the crossing of
Cornish males on females of other breeds to produce & more attractive
carcass.

The raie of growth of orvssbred chicks on the average exceeds that
of the parent breeds to broiler or fryer weight when the heavier breeds are
erossed. Vhen Leghorns and genseral-purpose breeds are crossed, the cross-
breds may exceed both parental warietioes ¢o 8 or even 12 weeks of age but
after that the havier breeds are likely to weigh more. At maturity the
orossbred progeny are usually intermediate between weights of the purebred
progeny. (eneticists have not yet been able to explain why hybridization
produses more vigorous offspring.

The results seoured from any oross depend largely upon the gquality
of the parental stocks that are orossed. Little benefit is to be obtained
by crossing purebred breeds of poor quality.

Jaap (1941) found that Dark Cornish males mated with ferales of the
heavier breeds produced progeny that weighed more at 12 weeks, but that
the purebred progeny from these nhcavier imerican breeds were heavier at
maturity. The breast conformation of the crossbreds, ho-ever, resembled
that of the Cornish,

Studies of the effect of inbreeding on growth rate have been made by
several research workers. lunkerly (1930) found little difference between
the weizhts of inbred and outbred birds at sexual maturity. Wwaters and
Lambert (1936) with ¥hite Leghorns, Knox, Quinn, and Godfrey {1839) with
Rhode Island Reds and Lizht Sussex, and Godfrey and yarsden {1942) with

turizeys secured results which indloate that inbreeding hae no appreciable
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effect on rate of growth. MePhee and Haton (1931) made an l8-year investi-
gation involving five inbred families of guinea pig control stock, and

also animals from crosses between differont inbred families. They found
thet cerosses between the light-weight families resulted in & murked increase
in growth and weight of the young. Crosses between light-weight and heavy-
weight families resulted in young whose growth curves approsched or coin-
cided with that of the heavy-weight families, but eroszes between the two
heavy-weight famillies did not resuld in any signifiocant improvement.

Gutteridge and O'Hiéel (1942) studied Plymouth Rook chickens and
found that environment had a much more marked effeot upon growth than did
heredity during the periud »f rapid development, and that heredity had a
groater effect at 24 weoks and thereafter. Apparently the environmental
influence decreased sovpewhat whereas the influence of heredity became more
marked with the approach of maturity.

The deleterioue influence of summer temperature on the rate of growth
kas been discussed by Kempster and Parker (1936) and Kempster (1938 and 19841).
They found that maximwum temperatures that prevailed during the summer are
largely responsible for the retarded growth of late hatched pullets, Even
though the retarded growth was most pronounced at the age of 20 weeks, they
found that the retarded chicks eventually obtained the same weight as
earlier hatoched chicks, The absolute size at which growth ceases may be
altered by treatment such as feeding,

A close association between rate of growth and rate of feathering has
been reported by Martin (1529), Marble (1834), Schnetzler (1836), Jaap and
Morris (1937), Radl and Warren (1938), and Godfrey (1942). The breeds of
chickens in which the rate of feathering and rate of growth was found by
these workers to be correlated include ﬁhito Leghorns, Buff Orpingtom,

White Wyandotte, Rhode Island Reds, and Barred Plymouth Rocks.
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Brody (1927) suggests finally that even though the detailed physio-
logical mechanisme wiich regulate the lensths of the periods of growth
are not wedl understood, it may be snid with some degree of certainty
that the glanda of invernal secretion are often the limiting factars in the
process of growth and development. Under funotioning of the pituitary
body, for example, iz known to be assooiated with infantilism, while over

funetioning with gientism,

Body Size

Marked varistions in body size are found between breeds and awong
chickens of the same breed. Work on the fowl by Keller (1933) siows that
cell number and not cell size differences are respunsible for these dif-
ferences in body sige. A very thorough review of the research work on
body size by Sinnott and Dunn (1935) indicates that in polyploid series,
body size is rouzhly proportional to cell size. Rensch (1923) in contra-
diction to the workof Keller found not only cell number, but also cell size
differences between bantams and larger sises of poultry. Blum and Gregory
(1935) observed that the rate of cell proliferation was relatively greater
in the larger sized sreeds than in the smaller breeds of fowl,

Mfferent sized chiciiens have been used by investigators to obtain
progeny for studying the inheritance of body size. Jull and Quinn (1931),
Hay and Wa;s.i;a (1927), Maw (1935), Punnett and Bailey (1914), a@d'ﬁoﬁfrq
andlﬁuinn (1942), using breeds that differed aignificantiy?in adult size,
found the adult progeny to be nearer the size of the smaller parental
breed, suggesting that possibly there are dominart genes for small body
sige.

?upnatt and Bailey (1934), Xopec (1927), Warrsn (1927), and Waters

(1987) worked with breeds of chickens that did not differ significantly
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in body size. In practically all oases, the eize of the Fl progeny from
such orosses was about midway between the parental breed sizes or slightly
nearer the larger-sized breed. In all of these oroases from which an F2
generation was secured there wasz grouter variability in the F2 thaen in
the Fl generation. All of these investi:atione demonstrate that the in-
heritance of body size is complex and depends upon & great many factors.

¥aw (1935) observed that in crosses between Light Brahmas and Golden
Sebright Bantams a sex-linked gene was associated with sisze inheritance,
Using measurements of bone length as a coriterion, he observed that the d4if-
ference in size between the two parents wes dueiQo'sgmo extent to'#‘uex-
linked factor. Mot only w&s there & difference between reeiﬁroeal cféss
femnles, but 4 study of the F2 population revealed indioations of linkage
of genes for size with two of the gones located on the sex chromosome, which
wore presont in his stock. These results are of great significance, net
only because they constitute the first definite confirmation of Mendelian
inheritance of size in poultry, but also because they indicate the presence
of a sisze-limiting factor in bantems, which may be of a dominant nsture.
Evidence of sex-lintege in the inheritance of body size is also indicated
in the results secured {rom the crosses made by 4ay (1925), Warren (193GC),
Knox and Olson (1938), and Knox (1938). The Fl females secured from esch
of the reciprocal crosses differed materially in weight., It was zlso
noted thet in orosses in which the male purent was of the larger parental
breed and the femule parent mas of the smaller parental breed, the Pl
males were usually larger at 10 weeks of age and later than Fl males se-
oured from reeiprocal crosses,

The investigations which have been made of the inheritance of adult

body size indicate that there are genes that have a partiocular effect on
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certain body parts as well a& many zenes that affect the size of the body
a8 & whole. The inheritance of the Creeper character studied by
Landauer and Inmn (1930), rumplessness reported by Dunn (1925) and
Davenport (1906), and the statistiecal analysis of bone length by Wright
(1932) and of inbred White Leghorns developed by DNunn (1928) are specific
exarples,

Body size may be expressed in terms of body weight or in terms of
sorme skeletal measurement. Mature length of shank has been found to be of
use in expressing sige differences. Jaap (1538) has showm that shank
length (tarsometatarsus) serves as a good index of skeletal size and that
in females shank length remains constant after five months and in males
alter 8ix montus. It is possible, therefore, to select fomales and males,
respectively, at these ages, that will develop into the size of bird re-
quired at maturity. Shank length in males is reported by Jeaao (1938) to
be 25 pereent greater than shank leangth in females and body weight in males
is 38 percent greater than body weight in females of approximately the
same age.

Lerner (1937) observed that the longth of the shank in live birds is
a good index of inherent body size. The length of shank and body weight
were ouserved by Lerner (1539) to be more closely correlauted in growing
than in mature birds.

Asmundson (1944) calculated the ocefficients of correlation for body
weigcht and shank length, keel length, depth of body taken from the anterior
point of the ilium %o the keel, width of breast ot 1, 2, 3, 4, and 5 cm.
above and 2 em. back of the anterior point of keel on 3 strains of live
turkeys at 24 weeks of age. le found that the correlations are as high or
higher between body weight and linear measurements as they are between the

various lineur meusurements. The correlations reported indioute that the
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various measurerents are all affectdd to some extent by body weight,
Investizations by Hadley and Caldwell (1920), Asmundson (1921),
Atwood (1923), Jull (1524), and Hall and Harble (1830) indicate that

body size is also correlated with egp size.

Bodx Shaga

Considerable variability in body shape and degree of fleehing is
exhibited by all sizes and egeg of chickens sold for meat. This indicates
that very little ms been accomplished from the standpoint of breeding for
uniformity of market type.

Huxley (1332) sayz that only animals in which organs are growing at
the same rates will preserve their form unchanged with increase of size
and that few if any animals can be found in whlech some organs deo not grow
at a different rete from the body as & whole. Sinnot and Dunn (1935) sug-
gest that the genetic control of shape may be vested in relative rates of
cell division in different parts of the body or organ, in cell shape or
in the plane of cell divisior. Lerner (1932) states that shape is a funo-
tion of the rate and time or duration of growth from the beginning of
growth of any particular dimension to the time of its approach to the
upper asymptote. A croes section or ratio dskem at any point in time does
rnot permit us to judge of the genetic ditfef&ntialu involved either in
the final shape or in the sonformation at any given time. He contends that
more attention should be centered on the processes leading to the assump-
tion of the specific form rather then at the end products themselves,

Some of the first investigations on the inheritance of body form in
the domestio fowl were those of ¥Yopeo (1927) who crossed White Leghoms
with Buff Orpingtons. He observed that the Buff Orpingtons had longer

tibiotarsi and tarsometatarsi than the White Leghorne and that the length



17

of these bones in the hybride more nearly approached the long-boned parent.
Ghigi and Taeibell (1927) observed that in an Indian Oame x Legiorn coross

the tarsi ol the Fl generation were of the seme lengih as that of the
longer-boned parents. Latimer (1927) found that the rate of the growth

of the leg bones in the fowl is higher than the rate of body weight growth
and that the male bones inorease from hatohing time to maturity %o a greater
extent than do ferale bones, with the exception of the femur in whidkcase
no difference in rate of growth was observed. Lerner and Asmundson (1932)
made matings of Ancona x Light Sussex and obscrved that up to twelve weeks
of agoe there was a sigrificant difference in the length of the tarsometa-
tarsi between the two types of backoross progeny in favor of %the L?ght Sus sex
x Pl mating.

Schneider and Junn {1924) reported that body weight is from three to
8ix times as variable as bone measurements. They &lso observed that the
humerus, ulna, famur and tibiotarsus were 18 percent lon er in the males
than females,

Lerner (1937) suggested tarsometatarsus (shank) length as a oriterion
of size. By using a measuring device, designed by Burmester and Lerner
(1837), Lerner was able to measure acourately the length of the tarsometa-
tarsus on live birds. [e cbtained a correlation of 0,968 between the
iive measurenment and the sctual length of the bone.

Lerner (1939) has reported a correlation cosfficient of C.859 # 0.032
between live body weizht and shank length in Single Coxb ¥hite Leghorn
females. Shank length and body weisht at 4, 8, 12 and 18 weeks were studied
in progeny of Barred Plymouth Kooks and farred Plymouth Rock and Single
Comb ¥Whi.e Leghorn crosses. It was concl.ded that shank length and body
weight at an early age are interchangeable as the indepencent wvariable in

the determination ol body weight at a later age, also that body weights
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‘and shank length are more closely correlated during the growing stages
than they are in mature birds. Investigations by Wright (1918) and
Dunn (1928) show that many genes are involved in the inheritance of bone
length with some of the genes having a cumulative effect on ths growth
of certain parts only.

Jaap (1838) found that shank length serves as a good index of
akeletal sito. Jaap and Penquite (1938), in a study of body conformation
in the fowl, oconcluded that dif'ferences in the conformation of the live
fowl could be measured acourately by ccmparing body weight, shank length,
keel lengt:: and anterior body depth. The relation between shank length
and body weight was reported as the most suitable single oriterion of body
conformation. Growth in shank length was found to cease at six months for
males and five months for femnles. They also observed that the most desir-
able measure of body shape in live birds is the relatiocnship between cube
root of the body weight and the length of shank. However, Lerner (1541)
and Sehmalhausen (1927) point out that the third power of lincar measure-
ments or reciprocally the cube root of body weight as & component of
indices of conformation and fleshing would hold true only if growth were
isometric between the dimensions etudied anc body weight. Bird (1943)
mentioned that it eppeared that all birds which were adjudged to show a
superior degree of fleshing by the ratios were at the same time those that
resched the greutest average body weight. FHe found the entire musculature
dissected of f the pectoral region in Barred Plymouth Rock and White Leghorn
roasters was closely correlated to the deviation observed from expected
body weight as rel:uted to length of tibia., Although Bird used tibia
measurements, he obtained a very high correlation between tibia and tarso-

metatarsus length. Quisemberry, Roberts, and Card (1941), in a statistiocal
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study of the bomes of the skeleton of the fowl as relsnted to mature body
weight, found a elose relationsiip between skeletal measurements and
meture weights,

Maw and Maw (1938) and Jaap and Thompson (194) observed that the
body of the sire is trunsmitted to his progeny. In their studies on heri-
tatle differences in adult fmesale body conformmtion, they were not able to
demonstrate any consistent relation between proportional length of shank
and keel and proportional anterior body depth.

¥aw and Maw (1939) found an increase in length of leg led to decrease
in the percent of edible flesh, and that an increase in the circumference
of the tibial muscle gave an increase in the percent of edible flesh. The
influence of the breed has been reviewed by Maw (15839), wiwo found differ-
erices inthe relative proportion of edivls meat, fat, and skin to btone and
waste producte in the dressed carcass. Ke also observed that the percentage
of flesh on the carcass is influenced by the sise of the stock as related to
the stage of growth. The effect of manugsment has been reported by Harshaw
{(1838) who found differences in the amount of total edible meat bstween
roasters grown on range and those confined and between fattened and unfat-
tened stoocke.

Knox and Marsden (1944) made observations for breast type, live body
weizht at 24 weeks of age and shank length in four different varieties of
turkeys. All three characters were found to exhibit a blending type of
inheritance in Fl and P2 typiocal of gquantitative characters. Asmundson
(1944) determined the length of the shank, length of keel, depth of body,
width of breast, and live weight of three strains of Bronze turkeys at 24
weeks of age which exhibited different degrees of fleshing, The tiiree
strains differed significantly in weight of bird, length of keel, depti of

body, and width of breast. Values of r based on the totals show that the
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weights and measurerents considered were significantly correlated. Bird
{1943, 1544, 1945) studied the flesiing characteristics in chickens,
phessants and turkeys and cobserved that a shallow torso relative to
volume of muscle tends to produce a rounded breast, Additional studies
on body meesurements in relation to degree of fleshing end body econforma-
tion in turkeys in vhich results similayr to those discussed were obtained
have been made by Juap (1938), Jaap and Penquite (1938), Jaap, Thompson
and Mildy (1939), Puyne (193B), Tarrow and Morgan (1944), ané lolecek,

Wilson, and Poley (1941).
Breast Meat

Dolecek, Wilson and Poley (1941) used what was termed a B instrument
to determine breast width (W), breast depth (D), and breast angle (P)
on 3l-week-old Rhode lsland ed roasters. The bodies of 84 birds were cut
longitudinally and in each case the breast area of one-half was caloulated
from measurements taken 5/8 of an inch from the anterior tip of Leel bone
as follows: ¥/2 (D plus A minus P) - DV, where ¥ = Breast width, D » breast
depth on one side, A = breast depth at Center, p = Plunger reading, and V =
plunger Jepgth. The volume of breast was caloulated from this area by
multiplying the breast area by breast length. They ottained the following
correlstions between breast area and meat removed from the breast:

1 - Breast ares and weizht of light meat - 0.42

2 - Breast area and weight of total edible meat -~ O.44

3 - Breast volume and weight of light meat - 0.58

4 - Breast volume and weight of totel edible meat- %.6(

It is apparent that Dolecek and his co-workers did not cbtain the
true volume of breast because the Lreast approaches a onni% seotion in

siiape, the pointed end being &t the reur end of the braust;, Correlations
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of «0.10 and ~0.33 were obtained between the weight of light meat and
total edible meat, and the shank length divided by the cube root of body
weight suggested by Jasp a8 an index of fleshing. This agrees with the
work of Scott (1940), who states that he wes unable to find a positive
sorrelation between meat measurements describing full fleshing in roasters
and the "fleshing index" recommended by Jaap.

Bird (1943) removed the edible meat from 50 Barred Plymouth Rock
and 68 "hite Leghorn cockerels at 285 weeis of age and obtained a correlation
of 0.942 between starved live weight and total edible meat. On correlating
the various akeletsal measurements, Bird found that the length of all long
bones bears & close relatiocnship one to the other - their ocorrelations
being of the order of 0.8, All other bones were found to be poorly cor-
reluted and he concluded that length of the long bones determines body size
more cousistently than any other sieletal measuremént.

Lerner (1937) dissected 760 Barred Plymouth Rocks, Black Minoreas,
first crosses between them, and backerosses and found that the relative
growth constants for the weight of the breast muscle and the lemgth of the
long bones are the assme. In (1941), Lerner disseoted 179 3ingle Comb White
Leghoms, Rose Comb Black Bantara, andéd reciprocal crosses betwsen them
and found that the growth constants for the breast musele and legbones in
the bantams are of the same magnitude as in the Leghorns, Barred FPlymouth
Rooks, and Minorcas.

Jull, Phillips and Williams (1943) selected short and long-shanked
12-week o0ld Yew Hampshire ocockerels and compared the breast meat with
shank length in the two lota. There were an average of 195.5 grams of
breast meat on the short-shanked compared with 187.5 grams of breast mest
on the long-shanked cockerels. Harshaw (1938) made an analysis of the

quantity of breast meat on orossbreds in relation to live and dressed



waight. An average of 134.3 grams of bresst meat was present on the

birds killed at 12 weoks of age., This was 13.5 percent of the live weight
of the unfattened birds. He observed further that t.e percent of breast
wuscle and leg mutcle decreased with fattening while the percentage of

the remaining edible portion increassd. The ratio of leg muscle to
dressed weight increased with age, but the ratio of the bresst muscle to
dressed weight remained practicully the same. Jasp and Penquite (1838)
used wire solder to measure bresst width on live and dressed birds at a
point 1} inchcs above the point of the kesl. They found this measurement
useful in predicting market conformation and grade,

Lloyd and Clandinen (1937} and Lloyd (1940) reported improvement in
warket conformation of two breeds obtuined by the method of selecting
breeding birds on the buslis of birds possessing U-shaped, V-shaped, and
I-shaped breasts, It is apparent from such progress that breast shape is
dependent on quite & number of genes. Harshaw, Kellogg, Reetor and
,Qﬁrsdon (1943};roport that turkeys from a broadbreasted strgié of Bronze
had & higher percentaze of breast muscle than other strains.

The Fl and F2 progeny of the Beltsville Small “hite crossed with
Broad-Breasted Bronge turkeys by Asmundson and lLerner (1842) had an aver-
age breast type intermediate between that for the parental strains used.
These cbservations on live birds confirm the data of Harsiaw, et al on
ratio of breast muscle to dressed weighta. The breast muscle averaged a
little more tian 22 percent of the dressed weight in the Broad-Breasted
Brouze, a little more than 12 percent in the Baltaville Small 'hice, and
8lizhtly nore than 18 percent in the White Holland and in the Standard
Brongze, Asmundson (1944) concluded that actual length of shank, length
of keel, and depth of body are inadequate to differentiate strains of

turkeys studied, whereas direct measurement of breust width at 1 om. above
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thg lower surface of the keel sre adegquate for this purpose. The data

he obtained indicate that the difference in breazst width of the two

strains at 2¢ weeks is determined by more than one pair of genes, that

the genes are autosomal and that at least some of the genes aot indapénd—
ently of genes for weight and sigze, There appeared tc be no dominance

of genes influencing width of breast. It i3 Asmundson's opinion that

the Broad-Breassted Bronze turkey is the result of the gradual asccuwmulation
by selection of genes for greater width of breast. Marsden (1939), end
Knox and Godfrey (1940) established a strain of small white turkeys with
desirable breast conformation within five years. This new breed, the Belts-
ville Small ¥hite, was produced to meet a definite market need, the specifi-
cations having been clearly defined before the project was undertuken.

From the breedert's point of view, selection will work to produce desired
modifications in breed charasoteristics in all instances wherein there is a
definite correlation between gemotype and phenotype. The exact delimita-
tion of the genetic mechanism is not needed for breed improvement to be
achleved.

Market Grade

Twenty-nine week old Barred Plymouth Rock and ¥hite Leghorn cockerel:
ware killed, dressed, graded, and frozem by Bird (1943). A transverse sec~
tion of the frosen caroass 5/8 mm. thick immediately forward of the an-
toerior point of the keel was sawed out and a careful tracing was made of
ita posterior face on paper. The relative roundness of these sections
was repeatedly found to coincide almost perfectly with the rank numbers
of carcass that had been aligned or graded.

Gutteridge and 0'Neil (1942) measured breast angle by a special

instrumert conslsting of steel bands adjustable by sorews and capable of
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being olosely fitted to the flesh of the breast. It was found that the
calculated figures for the breast angles of different birds very closely
approximate the grading rating for counformation of breast, “oleesk,
Wilson, and Poley (194)) obtained a significant correlation between
alignment grade and the fleshing index developed by Poley (1940) in

Rhode Ieland Red Cockerels. Jaap (1938) obtained posr agreement between
commercial grading and his fleshing index. Seott (1940) and Nolscek et al
{1941) obtained similar results.

Hoffman (1943) raised 100 Thite Rocks and 100 "hite Cornish x White
Rock Crossbreds to 14 weeks of age when they were graded into AA, A, B, and
€ grades on the uasis of flecehing and body conformetion. Eighty-one per-
cent of the orossbreds couwpured with 72.7 percent of the purebreds graded
Ak and 2.5 percent of tihe crossbreds cowpared with 4.2 porcent of the
purebreds graded C. Similar results were obtained by Tulley, Neil,
Schroecer and Yesley (1842).

Knox and Marsden (1944) developed a suitable method for grading tur-
koys for breast development Ly a combination of impressions gained through
touch and sight, Bird (1943) found a rather low correlation betwesen
grade and the absolute weight of edible meat and also that commeroial
grading has & pronounced tencenoy to award superior grading to high qual-
ity csreasses and inferlor grading to poor ones., Fwen eo, it is his
opinien that routive grading serves as & falilr estimate of market velue
and will coniinue to be indispensable to commercisl practice for reasons

of speed and convenience,
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April 1, 1937 as followss

Birds with exceptionally well-proportioned bodles, extra broad,
fully-fleshed breasts, and relatively short, meaty legs were classified
as "A4 quality grade;™ birds with well-proportioned bodies, broac, well-
fleshed breasts and mesaty legs were olassified as ™A quality grede;”
birds withﬁirly well-proportioned bodies, fairly broad, fairly well-
fleshed breasts and legs that were fairly meaty were classified as "B
quality grade;™ and birds with poorly-proportioned bodies, narrow, poorly-
fleshed breasts and poorly-meated legs were classified as ¢ quality
grade." All thin, emaciated birds unfit for humen consumption were olass-
ified as rejects,

Bach bird was then suspended from a shickle and accurate measure-
' ments taken of the breast, the depth of body and the length of shank. A
few feathers were plucked from e small cross-section aree of the Lresast
and a thin strip of lead, 3/4 of an inch in width, capable of holding its
shape vhen removed from an irregular surface, was fitted closely cver the
breast of each bird, at & point 1-1/2 inches from the anterior end of the
keel and extending down slong each side of the body. The ends of this
lead tape were thon bent outward on each side of the body at a point just
below the breast feather traoct and direotly over the lateral caudal pro-
cess on each side of the sternum. These two anatomical points were easy
to find after the birds had been starved. (See Figure 1) These are be-
lieved to be reliable points from which to determine the width, depth, end
the oross-sedtion area of the breast because froszen carcasses of different
sized birde sawed in half, through this plane of the body, indicated that
the breast meat on the body extended upward from the sternum toward the
back as far as these two enatomical points. (See Figures 3 and 4). The lead
tape was then removed and an outline showing the shape, fullness, width, and

depth of breast was traced on croes section paper.



Figure X. Strip of lead fitted closely over
breast of live bird

The width of breast ms then determined by measuring the distance
between the points, on this outline, corresponding to the lateral caudal
process on each side of the body. (See (a) Figure 2) This method 1is
similar to that used by Asmundson (1944), Jaap and Penquite (1936), and
Payne (1936) in determining the width of breast in turkeys.

The depth of the breast was obtained
by measuring the perpendicular distance from
the topmost part of the breast outline to the
line below from which the width of the
breast was determined. (See (b) Figure 2)

Figure 2. Cross-aection
Area of Breast
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A planimeter was thon used to determine the cross-section breast
area or plane of the breast in square cemtimeters from this outline.

A method somewhet similar to this was used by Bird (1943) for deter-
mining the relationship between the roundness of body and alignment grades
in chicken carcasses.

4 vernier Caliper graduated in millimeters was used to odbtain the
body depth or disztance from the anterior point of the ilium to the keel,
(see Figures 5 and 6), the length of each bird‘s keel (see Figures 7 and 8),
and the width of the shoulder. (See Figure 9)

This Caliper was also used to obtain the length of shank, using the
method desoribed by Jaap (1938). (See Figures 10 and 11) Bach bird was
carefully weighed on a Toledo scale and the weight in grams recorded.

Two hundred and fifty-six representetive birde, 110 males and 146
females, {rom the various matings wers then killed as the different groups
reached 12 weeks of age and the breast meat was carefully removed from
each with & soalpel. A Toledo balance was used to determine the exact
number of grams of meat present on the breast of euoh of these birds.

Some of the birde in the breeding pens which counld not be replaced
were stolen while this study was in progress. For this reason, the progeny
from certain matings which should have been included are missing and the
number of progeny in other instances is somewhat limited.

All of the work asscocisted with the production, wingbanding and
rearing, the grading and weighing, measurement of the body parts, the
dissection of the pectoralis major, and recording of these data was done
by the writer. The data thus obtained were then subjected to statistical

analysis.



Figure 5, Measurement of body depth Figure 6* Measurement of body depth
of live bird of dressed carcass



Figure 7. Measurement of keel length Figure 8* Measurement of keel length
of live bird of dressed oareé&ss



Figure 9% Measurement of shoulder with Figure 10, Measurement of si&nk length
of live bird of live bird



Figure 11. Measurement of shank length
of dressed carcass
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ANALYSIS OF DATA

The data from these investigations were grouped together acocord-
ing to the sex and ancestry of ths progeny and astatistical procedures
recommended by Croxton and Cowden (1941) and Mills (1938) were employed
for making analysis, comparisons, and deductiona,

The mean values and standard errors were determined by sex for
live weight, amount of Dbreast meat, and body measurements. The percent
of live weight represented by breast meat was also determined for all
breeds as well as for the males and females.

A sories of scatter diagrams were prepared st the outset to obtain
an estimate of the relationship of breast meat to live body weight, ob-
ssrved cross-section ares, breast index, and each of the body measurements.
The breast index in this study was determined by dividing the result ob-
tained from dividing the observed cross-section area by the triangular
breast area, by the result obtuined from dividing the depth of breast by
its width. The depth and width of breast were used in this determination
in this manner beoause of their close relationship to the observed ocross-
section and triengular areas of the breast.

Coeffiocients of correlations and standard wrrors were then determined
between the amount of breast meat and the different bLody measurements which
appeared most promising on the scatter diagrams. 7The equation Y = a 4 bx
was used, and the constante a and b were solved by means of the least
squares method. Correlation ratios between live body weight, breast meat,
body measwrements, and grade were determined for each sex by Carl Pearson's
method.

Hean live body welights and mean breast vidths were obtained for all

the progeny produced from sach of the different purebred and crossbred
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mabings. Data for a total of 262 males und 428 females were includaed
in this part of the analysis.

The mean amount of breast meat, the percent breast meat of live
weight, and the mean breast index were determined for the progeny from
the purebred and crossbred matings from which the breast meat had beem
removed,

Tables were prepared showing the distribution of the l2-week old
purebred and crossbred progeny for each of these respective groups of
progeny, according to sex and market grade. The mean cross-section breast
areas and mean breast widths for the progeny from each of these purebred
and crossbred ratings were obtained and gruphs were prepared showing these
data for the Fl progeny produced from the Cornish x New Hempshire, Cornish x
Barred Plymouth Rock, and the backeross progenies obtained from Pl males
of the crosses mated back to purebred Hew Hampshire and Barred Plymouth
Rock females, respeotively. Tables showing the percent of these progenies
by grade and the sbsolute number from each mating according to sex were
also prepured.

Pinally, data for the progenies seoured from four New Hampsiire and
four Barred Plywouth Rock females mated to the same Cornish male were also
studied to determine differences in live body weight, breast width,
breast index, amount breast meat, market grades, and the peroent breast

meat of live body weight.
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EXPERIKENTAL RESULTS

Mean Values and Relationship of Body Measurements

The mean values of live body weight, amount of breast meat, and
other measurements related to body conformation and market eonditiom
for the 256 twelve-week old purebred and ercssbred progeny in this study
are given in Table I. The degree of variability in these values is
greatest for the live body weight and smallest for the shank and keel
lengths. Similar observations were mede by Schneider and Dunn (1924).

The difference in the mean live body weight between the males and
females is significant. The mean walues of breast depth, body depth,
keaol length, shank length, observed cross-section breast area and the ratio
of shank length to oube root of body weight tended to be greater in the
males than in the females., The mean values of the amount of breast meat,
breast width, and breast index are slightly larger in the females than
in the males.

The meen value of the shank length was only slightly larger than
the mean keel length in these progeny. This is of interest because Payne
{1938 ) observed the same relationship between these two linsar meseure-
ments in Bronze Turkey toms at 33 weeks of age.

The ratio between shank length and the cube root of body weight
was 0,91  0.01 for all birde, 0.95 £ 0.01 for males, and 0.89 0,01 for
the females. High ratios between shank length and live body weight have
been reported in growing chiokens by Lerner (1837), in mature chickens
by Jaap (1938), and in growing turkeys by Asmundson (1944). The breast
meat was 10,59 percent of the live weight in these 256 progeny, 9.96

percent in the males, and 11.12 percent in the females.
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TABLE I

Meanlive Welight, Breast Meat, Body Yeasurements
in 286 12-week o0ld Purebred and Crossbred Progeny,
Inocluding 110 Males and 146 Femnles

lesn Values and Standerd Errors

Measurement Both Sexes lnles Fomales
Live weight (gms.) 989.22 * 15.72  1041.18 £ 25.25 960.09 * 19.35
Breast meat (gms.) 104.86 + 2.26 103.73 T 3.88 106.69 + 2.85
Xeel length (om.) 8.59 £ 0.08 8.77 * 0.08 8.46 * 0,08
Shank length (em.) 8.94 & 0.06 9.27 ¢ 0.11 8.70 £ 0.08
Breast width (am.) 4.50 £ 0.3 4.53 £ 0.52 4.57 2 0.%
{baerved cross ssction’ ‘

breast area {8q. cm.) 8.75 2% 1.16 8.76 T 1.80 8.73 £ 1.87

Breast index “ 1.7T6 t 0.18 1.7 t 0.22 1.79 £ 0.16
Shank 1

%ody woight 0.81 = 0.01 0.95 £ 0,01 0.89 £ 0,01




With the exception of the mean wvalue of shank langﬁh, divided
by the cube root of body weight, whiech Jaap (1938} reported was a good
index of fleshing, all of the simple coefficlents of correlations be-
tween the amount of breast meat and the body measurements reported in
Tables Il and III are highly correlated. These data indlcste that in
general the larger the bird, the greater the amount of breast mect on
the carcass. This is in agcord with the common belief that the largest
bird usually hus the largest component parts,

Tﬁeao data also indicate that regardless of sex, the larger the
bird, the greater the amount of breast mest. This agrees with the investi-
gations made with chickens by Harshaw (1938), and with turkeys by Harshaw,
Kellog, Reotor, and Marsden (1943) and Asmundson and Lerner (1942). Hone
of the bone measuremente appeared to be as highly correlated with the
amount of breast meat as the live body weight. This suggests that thers
mey be separate genes for the development of bone and muscle tissue,

Shank length gave a sBlightly higher correlation with breast meat
than the other bone mersurements, Thias is to be expected, since shank
length is more highly correlated with live body weight then the correla-
tion between other bone measurements and live body weight and since live
body weight appears to be the best measure of breast meat in this investi-
gation, Similar obsowvations on the relation between shank length and
amount of breast meat have been made by Harshaw (1938), Lerner (193%b),
Bird (1942), and Jull, Phillips, and Williems (1943).

Breast index did not prove to be a very good measure of either the
amount of meat on the breast or the meriet grade (see Table IV).

The shank length-body weight ratio also proved to be a poor measure
of breast meat in this study. Similar conclusions have been made by

Dolecek, Wilson, and Poley [1941) and by Scott (1940).
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TABLE 11

Cosfficients of Correlation Between Amount of Breast
Mleat and Body Heasurements in 256 l2-week old Purebred and
Crossbred Progeny, Including 110 Males and 146 Females

Coefflcients ol Correlation

Measurement, Both Sexes Yiales Females
Live weight .91 ¢ 0.01 .88 % c.01 .92 ¥ c.01
fhank length .78 & 0,02 .78 * 0,04 82 r 0,02
Body depth .76 * 0.02 «77 £ 0.03 .85 * 0,02
Chaerved cross section
breast area .76 £ 0.02 .83 * 0.03 <71 2 0,04
Keel length .74 T 6,02 <72 * 0.04 +85 * C.02
Breast width '81 : 0.08 .58 i. 9.06 lﬂa : 0«04
Breast depth .58 * 0.04 62 * 0.0B .48 * 0,08
Breast index .44 % 0.06 .44 ¥ 0.07 44 T 0,08
Shenk length .21 * 0.08 .28 + 0,08 .22 £ 0.07

i+

Body weight

* Al]l measurements were correlated iith amount of breast meat,

TABLE II1I

Order of Relative Velue of Coefficient of
Correlations between Ereast leat and Body Measurements
in l12-week 0ld MNales and Females, Respeotively

110 Males T 148 Femnles -
Coeffloient Coelficlent
Heasurement of Correlation Measurement of Correlation
Live weight <93 2 0.01 Live weight .92 * 0,01
Observed oross section Keel length .88 * 0,02
breast area .83 £ 0.08 Shank lemngth .82 £ 0.02
Body depth .77 £ 0.083 bserved oroas section
Shank length .73 £ 0,04 breast area .71 * 0,04
Kesl length «72 2 0.04 Breast width .68 = 0,04
Breast depth .62 £ 0.06 Body depth .86 £ 0,02
Breast width .68 T 0,08 Breast depth +«48 2 0,06
Breast index .44 * 0.07 Breast index .44 £ 0,06
Shank 1an51:h 3 _Shank length
N3/ Body weight .28 £ 0,08 >/ Tody weight .22 £ 0,07




Ancther interesting observation in these data, (Table 1II), is
that the order of relative value of the ocefficients of correlations
between breast mest and body measurements is not the same in the two
sexes. The correlation between breast meat and shank length, keel
length, and breast width, respectively, was higher in the females than
in the males, while the correlation between breast meat and live body
weight, the obaserved oross-section area, body depth, and breast depth,
respectively, was higher in the males than in the females,

¥arket Grades in Relation to Various
Fody Measurements

The mean values fir the different body measurements under considera-
tion are presented by grades and for sex in Tables IV, V, and VI. The
correlation ratios between live weight, breast msat, body measurements
and grade as determined by Carl Pearson's Method are also given for males
and females.

The mean values for each measurement in these tables appear to
follow the same general patitern so far as market grade is concerned.
Except for the shank length-body weight ratio, the mean values for each
measurement decrease in mmgnitude with each decrease in grade. For ex-
ample, the mean value of live weight for the A grade male progeny is 14
peroent smaller than the AA grade male progeny, the mean value of live
weight for the B grade male progeny is 18,8 percent smaller than the A
grade male proseny, and the mean value of live weight for the C grade male
progeny is 17.6 percent smaller than the B grede male progeny. Since the
Tentative U. 8. Standards for Clusses and Grades for Live Poultry now
provide for U. S. Grade #1 and U. S. Grade #2 live poultry, and the Aa,

A, and B grades, in use when this study was made, are now all included



Mean Values and Correlation Ratios Betwsen Live Weight, Breast Meat,

TABLE IV

Body Measurements and Grades in 256 12-¥eek (ld Purebred and
Crossbred Progsny, Including 110 iales and 146 Females

¥esn Values for "Kales®

——

Freast Neat Observed o
o Crosgs-
per Number Live live Shank Keel  Body Breast Breast g.egst  section Shank lergh
Grade  Cont  Progeny  Weight  Weight Weight L®ngth Length Depth Depth #1dth 1,4ex preast Area</Body weight
T gms. ) (gms. ) {em.) f(om.) (em,) (em.) (om.) (3q. cm.)
AA 12.73 14 1385.07 155.57 15.55 10,37 9.28 11,96 3.44 5.26 2,00 11.95 .94
A 29.09 32 1190.75 128.72 10,80 Q.77 9.24 11,60 3.30 4.69 1,78 9.7 «94
B 33.64 37 967.08 91.05 9.41 .02 8.66 10.72 3.15 4.46 1.68 8.35 .91
R 1.81 2 660. 50 44,00 5.00 8.47 8.15 10.43 3.20 3.85 1.16 5.91 97
Total 100,00 110 1041.16  103.73 9.95 . 8.77 10.95 3. 4.53 1.73 8.76 93
Corrslation ratiosa 0,74 0.80 — 0.53 0.50 0.56 0.49 0.63 0.51 0.87 -0,08
Mean Values for "Pemales®
Yy 15.7% 23 TI6B.60 138.B6  11.BB  9.40 9.26 II.55 3.49 3.06 I1.B6 139 .89
A 31.51 46 1065.45 123.00 11.54 9.10 8.86 11.03 3.18 4.63 1.84 5.39 «89
B 35.62 52 897.69 97.65 10.87 8.56 8.31 10.37 3.05 4.33 1.7 8.23 .88
c 15.07 22 682,18 64.77 F.49 T7.85 7.4 8.90 2.72 3.96 11.70 6.36 89
R 2,05 3 3‘79.09 25,66 6.7 6.13 6.42 T46 .43 3.46 147 4e37 o84
Total 100,00 176 §950.09  105.69  11.12  B.70 8.46 10.48 3.10 4.57 1.19 . .
Correlation ratiosg 0.73 0.74 - 0.58 .62 0.67 0.57 0.7 0.37 Q.83 0.05

@ As corrected by Carl Pearson's Kethod.

144



TABLE V

Percentage Decrease in Size of the Mean Values for Each Sex
and Bedy Yeasurement by darkst Grade

Data for 110 Male Frogeny

Freast Weat
o Cross—
Changes Live Live Shank Eecel Body Breast Breast Breast ssction 3 Shank length
in Qrade Weight Weight Weight Length TLength Depth Depth Width Index Breast Ares  </Body Weight
From AA to A 14.0 17.3 30.% 5.8 0.4 3.0 4ol 10.8 11.0 18,7 QO
A - 3 1808 29-3 1209 7.7 6.3 7;6 Aus ‘.9 ‘ 5-6 1‘.0 3'2
M -~ B 3002 41'5 39!5 13.9 6.7 10.4 30‘ 15.2 16.0 30.1 302
Data for 146 Female Progeny
From AL to A 8.8 11.4 2.9 3.2 he3 FA] 8.9 8.5 1.1 17.6 L¥]
A - B 15.? 26.6 5.8 509 602 6Q0 4.1 605 - 403 120‘ 1.1
B - G 24.0 33.7 12.7 804 19.7 11002 10.8 8.5 3.4 2207 “1-1

M - B 23.2 2907 805 8.9 1003 9.9 12.6 14.‘ 504 27.8 101

X



TABLE VI

Order of Relative Valuwe of Correlation Ratios
Betwoen Live Weight Breast leat, Body Heasurements and
Grade in Males and Females, Respectively

110 Males 14€ Yemales
Correlation Correlation

Heasurement + Ratio MHeasurement * Ratio
QObserved cross section , Qbserved coross section

breast area 0.87 - breast area 83
Breast moat 80 Breast width 78
Live weight 74 Broeust meat .74
Breast width +88 Live weight 73
Bedy depth 56 Body depth <67
Shank length .53 Keel length .62
Breast depth .51 Shank length 58
Kesl length «860 Breast depth 57
Breast index «49 Breast index «37

Shank len Shank length

\8/ Body m;%:h -.08 \afﬁnd y weight -06

# All measurements are correlated with market grade,
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in the U. S. Gradd #1, and the present U. 3. OGrade #2, as compurable to

~what formerly was U, 8. Grade C, the percentage decresses in size of the.
mean values for each sex and body measurement from the A& to the B grade
are also shown in Table V. In the rales, the percentage decrease from

AA grade to B grude was greater than the percentage decrease from B:. grade
to € grade for live weight, breast meat, amount of breast meat as & percent-
age of live weight, breast index and observed cross-section breast area,
while in the femnles, the percentage decrease from AA grade to B grade was
less than the percentage deorease from B grade to C grade for live weight,
amount of bresst meut, breast meat as a percentage of live weight, keel
length, and body depth.

Bven though the percentage decreases shown in Table V vary from grade
to grade, the trend of change is in the same direction and the megnitude of
the percentage change between the different graudes is similar for each re-
spsctive cbservation such as live welght, breast meat, and eich body mesasure-
ment. These obserwationa are of practicel wvslus te those who grade and
package broilers and also to distributors and consumers,

The percentage of AA and also A grade birds was higher in the females
than in the males but the live body weight and the amount of meat on the
breast were greater in the males than the females in these two grades. The
breast meat a8 a percentage of live body weight was greater in the males
then the fermles in the AA grade, but slightly smaller than the females in
each of the other three grades. FExcept for the depth of breast in the AA
grade, all of the body messurements under comsideration were larger in the
males than in the females in each of the four gradea. These observations
should be of same value to consumers because they indicate that even though
the carcass of the female appeare to lend itself toward a higher market grade
than the male, the wale carcass is usually larger in sige and tends to carry
more meat on the breast.

The relationehip between grade and easch body measurement did not
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appear to be the same as it was between the amount of breast mest and
each body measurement in these data. The observed eross-section breast
qroa gave A higher correlation ratio with grade in both males and fe-
males than any other measurement. The method used to determine the
observed oross-section bresst ares, whioh in this study is really a
moasurement of roundness or fullness of breast, is very similar to that
erployed by Bird (1943), Darrow and Morgan (1944), and the results se-
cured in this study agree with those which they obtained.

The amount of breast meat and live weight as related to grade also
gave good cvorrelation raties.

The oorrelation ratios between grade and breast meat and between
grode and live body weight were nearly the same in value, partioularly
in the femmles. This is to be expected, since the correlation value be-
tween live weight and breest meat was very high. 4ll flesh messurements
gave a higher correletion ratio with grade than the bone measurements.
However, as related to grade, the roundness of breast as indiocated by
observed oross~section breast area appeared to be the best single coriterion
of mrket grade. (See @igure 24)::

Ho positive relationship was found to exist between grade and shank
length - body weight ratic. This agrees with the observations mace by
Jaap (1938) and Dolecek, Wilson, and Poley (1541).

The correlation ratio between grade and breast meat, live body
weight, and breast index, respectively, was higher in the males than in
the femalcs, while the correlation ratio between zrade and breast widgth,
body depth, keel length, shank len;th and breast depth, respectively, wus
higher in the females than in the males. The order of the relutive walwe
of the correlation ratios between live weight, breast meat, boly mcasure~

ments, and grade in males and females, respectively, is shown in Table VI.
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The mean body measurements and their relationship to the amount of
meat on the breast, and to the grade of carcass reported in this investi-
gation should be of interest and value to consumers and those engaged in
all segments of the industry. They should enable breedergs and hatchery-
men to produce chickens for meat purposes rore efiiciently ard profitably,
and the meat-type chickens which they produce should be more uniform in
zize and shape and satisfying to oonsumers. Breeders and hatcherymen,
however, all are confronted with the problem of deeiding which of the
meat production characteristios in their stook need to be improved and
the method by whioch this 1mpéavnnmnt can be brought about.

Three types of selections are used Ly breeders. They &re known as
{1) the tandem, or ocne-character-st-a-time method, (2) the total-score
or index method, and (3) the independent-eculling method.

In using the tandem method the breeder selecta for one character or
trait at a time until that charecter or trait is improved, then he selects
for a sscond, etc. until each has been improved to the desiruble level.

The total-score method is selecting for all characters simultaneously by
using an index of net merit, bassed on the degree to which the individual
ias inYerior or superior in esch of numerous deasirable factors. In the

third, or independent-culling method, definite culling levels are es-
tablished for each character and all indivicuals below that level are
culled or discarded, regardless of the supariority or inferiority of
their other characters,

Tre most effective method is selecting for all characters simul-
tanecusly, or for a total soore. The least effective is the tandem method
or selecting for one charucter at a time.

Hagel and Lush (1942) have made a theoretical comparison of select-

ing by each of these three methods. They found that selecting for & Lotal-
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score based on any number (M) of equally important unrelated traits to
be aquivalent t0 the square root of that number (\/ W) times as efficient
us selecting for one trait at a time. However, the progress made in any
one tralt by the total-score method is only 1 times as much as if
selection were directed at that trait alone, .

The method of independent culling to definite levels is approximately
intermediate in efficiency between the other two. Progress by each method,
of ocourse, depends upon the degree of selection. The method of independent
culling levels has one practical advantage over the total-ggore method
in that birds may Le culled for each trait whenever that trait becomes
evident without waiting until all traits can be measured. If independent
oulling levels are estaublished for several traits, culling too drastically
for one trait limits the amount of seleetion which can be practiced for
others. A& culling level set tuo high for a trait which is low in herita-
bility or of small cconomic importance automatioally lowers the intensity
of selection for other traits.

It is susgested, therefore, that the total-score or index method,
inoluding all of the body observations in this study whioh were found to
be highly correlated with the amount of meat on the breast and also those
with careass grade, such as live body weight, roundness and fulness of
breast as m@asureé?yobaorvad crosg~section breast area, shank length, and
body depth, might be used by breeders and hatcherymen to produce more
desirable meat-type chiokens.

Live ﬁoiﬁht and Breast Heat Indieces in Purebred
and Crossbred Progeny

The mean live weights and mean breast widths are given in Table VII
for 720 twelve-week 0ld purebred and crossbred progeny. Fifty-six of these

progeny were produced from eitier purebred Cornish, purebred Rew Hampshire,



TABLE VII

Mean Live Weight and Breast Width for 720 Twelve-week

0ld Purebred and Crossbred Progeny

- - T " Broast
¥ating Progeny Live Weight ¥idth
Hnlo Female ¥ale PFemale Wean and S.E. Houn and B.E.
gms. ) (on. )

Cornish x Cornish 10 7 598.8 £ 46.96 4.5 % 0.20
New Hampshire x New Hampshire 12 6 1007.0 T 37.44 4.4 2 0.10
Cornish x Wew Hampshire 47 57 1141.7 £ 27.43 4.7 % ©.08
P1(Cor. x N.H.) x New Hampshire T4 117 1108.5 T 15.27 4.8 2 0,03
Cornish x Fl{Cor. x H.H,) 35 28 928.8 I 28.82 4.6 T 0,07
?1{50!'«‘ X Koﬁ-} x Fl(cﬂr. x HOH.) 12 19 89101 2 49,90 4,3 : 0.11
Cornish x Cornish 10 7 EOE.8 T 45.95 4.5 T 0.20
Barred Plymouth x Barred Plymouth

Rock Rook 18 21 962.7 £ 29.97 4.1 £ 0,08
Cornish x Barred Plymouth '

Rook 38 76 973.6 % 21.564 4.4 £ 0.03

Pl(Cor. x B.P.R.x Barred Plymouth . '

| Rock _ 38 85 835.6 T 18,81 4.2 £ 0,04
Cornish x Fl(Cor. x B.P.R.) =~ 7 666.1 T 98,90 4.2 £ 0,17
Barred Plymouth

Rook x Hew Hampshire 12 8 803.8 ¥ 47,335 4.1 ¥ 0.10
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or purebred Barred Plymouth Rook matingas. The remaining birds were either
?1.\F2, or backcross progeny from cmosses between these three breeds,

In thess data the variability is much greater for live body weight
than it is for the amount of breast meat; especially is this so in those
instances where the number of progeny is small. The purebred New Hampshire
12-week o0ld progeny exceeded the purebred Barred Plymouth Rock progeny in
mesn live body weight by 54.3 grams and the purebred Cornish progeny by
406.2 grams but the mean breast width of the purebred Cornish progeny was
0.1 of a centimeter wider than the purebred Kew Hampshire progeny and 0.4
of a centimeter wider than the purebred Barred Plymouth Rock progeny.

The mean live body weights and the mean breast widths were both
larger in the progeny of the Cornish rmales mated to Yew Hampshire females
than they were in the progeny of either the purebred Cornish or purebred
Fow Hampshire matinga. The mean body weight of the P2 progﬁmy‘franpmntiugs
of these ¥l males and females was between thet of the mrogeny from the ﬁ%o
purebred parents,

The progeny of the Cornish males mated to Barred glymouth Rook
fomnles likewise had a larger mean live body weight than the progeny from
either the purebred Cornish or the purebred Barred Plymouth Rock matings.
The mean breast width in the progeny from the Cornish males mated to the
Barred Plymouth Rook females was larger than 1t waa in the Barred Plymouth
Rock progeny, but not as large as it was in the purebred Cornish progeny.

In the progeny of the Barred Plymouth Rock males mated to Hew
Hampshire females, the live weight was not as large as it was in the progemy
from either the purebred Barred Plyrouth Rock or the purebred New Hampshire
matingsa,

A good example of heterosis in poultry was exhibited in the results

gecured in thie part of this investigation. The mean live weights of the
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purebred Cornish progeny were very low. For the Fl progeny of the Cornish
males mated to New lampshire Temales it was very high but for the F2 progeny
reprogenting germ plasm from these two breeds it was sgain low. The pro-
geny produced from the backeross muting, F1 (Cornish x H.i.) mules mated

to New Hempshire females also had & mean live welght that was noticeably
larger than the progeny {ram either of the purebred or other crussbred
matings. Few strains and no two breeds have probably ever consistently
shown the same degree of accelerated growth. Hetercsis is also exhibited
in the width of breast, with the wide breast of the Cornish teunding to be
dominant.

A further analyesis of these data indicated that the mean live weight
of the Cornish x New Hempshire progeny differed significantly (odds of 1
out of 100) from the mean live weight of the progeny secured from each of
the purebred metings and also from the progeny of %the CTornish x Barred
Plymouth Roqk, the Barred Plymouth Rook x Yew Hampshire, the Cornish x Fl
(Cornish x.Barrod Plymouth Roeck) and its reciprooal cross and the Fl
(Cornish x lNew Hampshire) x Fl (Cornish x New Hampshire)matings. The mean
live weight of the progemy of the F1 (Cornish x Mew Hampshire) x Hew
Hampsiiire mating was also significantly different from the mean live weight
of tiie progeny of each of the other matings listed in Table ViI.

The wvariability of the mean live weights was tho smallest in the
progeny of the Cornish x New Hampsiire, the Fl (Cornish x Hew Hempshire) x
New Hampshire, the Cornish x Barred Plymouth Rocks, and the Fl (Cornish x
Barred Plymouth Kocks) x Barred Plymouth Rock matings.

The inoreased acceleration in growth among the hybrids as compared
with the purebreds agrees with results reported by Jaap and Morris (1837),
Horlacker and Smith (1938), Harshaw (1638), Maw (1938), and Kmox, Quinn,

and Godfrey (1542),



51

Even though the Cormish i & notoriously slow grower and it is also
poor in respect to feathering, hatchability, and egg production, the pro-
geny produced in this investigation from mating Barred Plymouth Rock and
especizally Few Hampshire females to Cormish males produced progeny that
was larger in size and better fleshed et 12 weeks of age than progeny
from purebred Corrnish, Bew Hempshire, Barred Plymouth Rocks or from crosses
of Barred Plymouth Rock males and New Hampshire femmles,(See accompanying
figures) It is just possible that strains of Dark Corrnish chickens can
be doveloped through further selection and breeding whioch do not possess
the undesirable characteristics mentioned snd that germ plasm from thie
breed can be uced to advantage in the future to improve the carcass conform-
ation and mariet quality of broilers raised for meat purposes.

Table VIII shows the distribution of the 720 twelve-week old pure~
bred and crossbred progeny socording to sex and market grade. The grading
wes botter for the crossbred progeny in both mmles and females than it weas
in the progeny from either of the purebreds. The purebred ¥ew Hampshire
progeny appeared to grade better than the purebred Barred Plymouth Rock
progeny and the progeny from the Cornish x Few Hampshire matings appeared
to grade better than the progeny from the Cornish x Barred Plymouth Rock
matings.

Hanles and females were almost equally represented in the nrogeny
from each of the different matings from which the breast meat was removed
and veighed. (See Table IX) The mean amount of breast meat removed {rom
tne progeny secured from mating Cornish males to New Hampshire females,
Comish males to Barred Plymouth Rock females, F1 (Cornish x New Hampshire)
males with ¥ew Hampshire females, and F1 (Cornish x Barred Plymouth Rocks)
mules with Barred Plymouth Rock females exceeded the mean amount of breast

meat removed from all the pro:any included in this study. (See Table IX)
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Figure 12. Progeny of Purebred Cornish Figure 14,. Progeny of Cornish Figure 1.3. Progeny of Purebred
% New Hampshire New Hampshire



figure 15. Progeny of Purebred Cornish Figure 17. Progeny of Cornish x Barred Figure 16. Progeny of Purebred Barred

Plymouth Rock Plymouth Rock
c



Figure 18. Progeny of Purebred Barred Figure 20. Progeny of Barred Plymouth Figure 19. Progeny of Purebred
Plymouth Rocks Rock x New Hampshire Sew Hampshire



Figure 21. Progeny of Purebred Cornish Figure 22, Progeny of Purebred Figure 23. Progeny of purebred
Hew Hampshire Barred Plymouth lock
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A further enalysis of the date in Table IX indiocates that there
wag a signilicant difference between the mean amount of meat removed
from the breast of the offspring from the Cornlsh x Hew Hampsihire matings
and that rermoved {rom the same ares on the progeny from sach of the other
matings reported in this table.

The awmount cf breast meat as & percent of live weight was slightly
greater in the pro;eny of the purebred Cornish, %the Cornish x Burred
Plymouth Rock, aud the F1 (Cornish x Barred Plymouth Rock)x Barred Ply=-
mouth Rock metings than it was in the propeny of the otiier matings reported
in Table IX. These peroentages show once more that a close relationship
exista betwoen the amount of meat on the breast and the live body weight
gquithase progeny. |

The distribution ascording to sex and grade of the purebred and
oerosabred progeny from which the breast meat was removed and weighed is
given inm Table X. This distribution is very similar to that shown for all
prozeny iﬁ Table VIIi. Here again the grading was better for the cross-
bred progeny for both malee and females than it was for the p}ogony from
sither of the purebred metings.

The Rglation of the lean Obqg;vad Cross-seoction
Breast Area and Breast 7idth to Orade

The grade of each sex and sisge of bird marketed is determined more
by the roundness, fullneass, and width of the breast tham by any other
characteristiec of the carcass. 7This is because chickens are exhibited in
the market place with the breast up and because the meat on this part of

the carcass is light-colored and higher priced,
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The data in Teble Xl are presented to show that:
l. There was a positive relationship between the ohserwved
cross-section breast area and grade in these progenigs«
| 2, That purebred Cornish progeny had the largest mean
observed cross-section breast area in the A4 grade.

5. The mean observed oross-section breast ares of the C
grade progeny from the purebred and orossbred matinge
was only ubout half as large as it was for the AA grade
progeny.

4. Progeny securec from the Cornish x Hew Hampshire matings

possessed a slightly larger observed cross-section breast
area in all the grades than the progeny secured from the
Cornish x Barred Plymouth Rock matings.

Differences in the mean observed ocross-section breast arca by grades
are shown graphically in Figuré &4 for the offspring for comparable orossbred
matings represented by the largest number of progemy.

Ewen though broilers with deep, narrow bressts may carry a&s much
or more meat on the breast than broad, shallow~bressted birds, the latter
type stands 4 better chance of being placed in the highest market grade.

The width of breast in chickens and turkeys has been messured at
different points above the keel, Ly such workers as Dolecek, Wilsom and
Poley (1941), Lerner (1937), Bird (1943), Jasp &nd Penquite (1538) and
Asmundson (1944). While the resulis obtained were not the same, each of
these workers appreciated the fact that the mairket grade of all sizes of
poultry is affected by this particular meesurement.

Because of the size variations whiech ocour in poultry, it was felt
that some anatomical point or points on the bird's body should be used to

determine the width and depth of breast. It was the author's opinion that
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that the lateral caudal process on each side of the sternum would ade-
quately fultfill this requirement.

The data given in Table XII1, and presented in Figure 2§, indioate
that width of breast was a fairly good index of market grade in the
prozeny of the crossbred as well as the purebred matings. The distino-
tion between the grades, however, were not as marked as they were for
the observed oross-section area, which was also affapt&d to some extent
by this measurement. This agrees with the correlation ratics already
discussed and presented in Table IY.

The mean width of breast for the brollers in the AA grade was high-
est for the purebred Cornish, followed by the Cornish x Fl1 (Cornish x New
Hampshire) and the F1 (Cornish x New Hampshire) x Fl (Cfornish x Hew
Hampshire) progeny in the order named.

The information in Table XIII indicates that 38.46 percent of the
progeny of the Fl Cornish x New Hampshire mating as compared with only
14,04 percent of the progeny from the Fl Cornish X Barred Plymouth Rock
mating was placed in the AA grade. It alsco shows that the grading was not
as goed in the backcross as in the first Fl progeny. Host of the rejects
cape from matings where the Barred Plymouth Rock female was the parent.

The absclute number of males and femeles of esch grade in the Fl and
backeross progeny is showmn in Table XIV., A larger percent of the female
than the male progseny from each of the Fl and backoross matings was
placed in two top greades, A larger number of the male and also the fe-
mnle progeny where the New Hampshire rather than the Barred Plymouth Rock

wag used as the female parent was also placed in the A4 and A grades.
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Comparison of Pregeny from Individual Matings

Tables XV and XV contain interesting information on male and
femnle progeny secured from individual matings. Data is reported in
these tables for the progeny from four different Kew Hampshire and four
difforent Barred Plymouth Rock females mmted to the smme Cornish male.
Fxcept for the mean breast width im the progeny of dams #5968 and #6598
and the amount of breast meat in the progeny of dams £591 and #8598, each of
the mean velues given in these tables for live body weight, breast width,
breast meat, and breast meat ag a percent of live body weight, are higher
than they are for the propeny secured from the purebred Cormish, purebred
New Hampshire, purebred Barred Plymouth Rock, and from these two respective
crossbred matings. (See Tables VII and IX) The mean values given for
the progony of the four New Hampshire femmles were higher for each of
these differont measurement=, except breast meat as a percent of live weight,
then they were for the progeny of the four parrad Plymouth Roock femsles,
The same relationship was true so far as wk& gru&; was coﬁeemad. |
The difference between the mean amount of breast meat in the progeny
of New Hampshire female #5565 and in the progeny of Barred Plymouth Rock
female #596, mtied to the same Cornish mmle, was significsnt.
These data indicate that the individual birds used in the origisal
matings differed genetically in their ability to transmit body conformation
and fleshing ability and that progress beyond that reported in this investi-

gation might be made through seleotive breeding.
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TARLE ZVI

¥ean Amount of Breast Meat, Breast Meat as a Percent of Live “eight

and Grade of Progemy from Individual Family Matings

Il

e o e e e i

Breast Meat
% of
Matings Parents Progeny Live Grades
ale Female jinle Female Mmle Femnle Mean and S.B., Weight "AL A B C R
(gms, )
Cornish x New Hampshire $449  $253 2 3 146 I 14.70 11.33 2 3 - - -
Cornish x Hew Hampshire 449 8§61 - 1 154 = - 18.04 - 1 - - -
Cornish x Hew Hempshire 449 553 3 7 164 = 8,46 11.56 8 2 - - -
Cornish x New Hampshire 449 568 2 3 148 * B.65 11.78 2 5 - - -
Cornish x Barred Plymouth Rock 448 357 - 8 123 % 17.84 12.12 1 1 8 - -
Cornish x Barred Plymouth Rock 449 691 1 2 112 ¢ 5,08 11.88 1 1 1 - -
Cornish x Barred Plymouth Rock 448 566 é 8 122 * 7.09 11.47 1 8 2 1 =~
Cornish x Barred Plymouth Rock 449 688 - ] 109 * 9.79 12,08 - 2 1 - =

€9
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SUMMARY

Data were collected on 720 twelve~weeok 0ld purebred and crosebred
progeny. The breast meat was removed from 110 males and 146 females and
coeffiolents of correlation for each sex were caloulated between the
amount of breast meat and eash of the body measurements taken. All of
the progeny were graded subjectively according to the Tentative U. S,
Standerds am} Grades for Live Poultry and correlation ratios between mar-
ke® é&adu and each of the body measurements were determined for males
and f@loé separately by Carl Pearson's Method.

The mean values of live welight, bhreast msat, breast width, and the
observed oross-section breast area were determined for the progeny secured
from each of the purebred and orossbred matings. The mesn values for the
male and female progeny from each of these matings were compxzred to deter~-
mnine signilicaont differences. A total score or index method, including
all of the body measurements which were found to be correlated with the
amount of breast meat and market grade, was suggested for use by breeders
and hatcherymen who are interested in the production and marketing of
more efficient and more desirsble meat-type ehiokens.

Data were obteined and comparisons made on live weight, mean amount
of breast meat, breast meat as a percent of live weight, and market grade
for progeny secured {rom four different New Rampsihire and four different
Barred Plymouth Rock females mated to the same Cornish sire.

In brief, information was obtained for these 1l2-week o0ld purebred
and crossbred progeny concerning:

l. Factors that affect the quantity of breast meat on

the caroass.
2. The relationship between the quantity of meat and

warket grede,
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4.

b.

An analysis of the data obtained in this investigation appears to

Body mweasurements in relation to quantity of breast
maat and mrkjet grade.

The effects of hotercsis on rate of growhh to 12 weeks
of age.

Genetic differences with respect to ability to transmit

body conformation and fleshing ability.

COMCLUSIONS

Justify the following conclusions.

1.

2.

3.

4.

b.

8.

7.

Live body weight is the best criterion of the quantity of
breast meat on chickens at 12 weeks of §§§,~#bwlipﬁmbnﬁ
and crossbred. o

The difference in the mean live weight between males and
femnles is significant. o -
A high ratio exists between shank length and eube root of
body weight in both mmles and females. v T~
The shank length-body weight ratio 18 not a good index of
the amount of breast meat.

Breast moat a3 a percent of live weight is higher in
femnles then in males.

Breast index did not prove to be a good measure of breast
meat or of market grade.

Obgarved cross-section bremast area is the best criterion

of market grade.

The correlation ratios are higher between flesh measurements

and grade than between long bons measurements and grade,
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9. Tue fastest growing chickens tended to grade the highest.

10. Fermales tendéd to grade higher than males, but in the AA
grade birds, breast meat as a percent of live weight is
higher in males than in females.

1l. The mean live body welght is significantly larger in the
progeny of the Cornish x New Hampshire mating than in the
progeny of each of trhe following mmtings: Cornish x Barred
Plymouth Rock, Barred Plymouth Rock x New Hampsnire, pure-
bred Cornish, purebred Barred Plymouth Rock, and purebred
How Hampshire.

12.The variability of live weight is greater in the purebred and
F2 progeny than it is in the Cornish x Hew Hampshire pro;eny.

13. The amount of breast meat on the carcass of Cornish x Hew
Hampshire progeny is significantly larger than the amount of
breast meat on the carcass of thhe otner orossbred and pure~
bred progeny included in this investigation,

l4. The breast width of purebred Cornish and Cornish crossbred
progeny 18 larger than the breast width of the other purebred
and crossbred progeny included in this study.

185. Progeny from Comish x Kew Hampsnire matings tend to grade
higher than preogeny from the other purabfad and orossbred
mtings.

18. In view of the slow rate of growth in the purebred Cornish
progeny, the effects of heterosis due to crossbreeding were
outstanding.

17. The progenies of different New Hampsnire and of different
Barred Plymouth Rock femsales mated to the sams Cornish male

differ significantly in mean live welight, breast width,
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19.

breast meat, market grade, and breast meat as a poré«mt
of live weight. This indicates that rate of growth

and ﬂnhing 2bility are inherited.

The resulte secured from this study indieats that there
are at least some different genes invelved in determining
skeletal development on the one hand &nd fleshing ability
on the other hand,

This being so, it should be possible by proper selection
and mating %o develop purebred strains of birds excelling

in body conformatiom combined with an abwncance of flesh-

ing that will produce & supsrior type of market grade of

78
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AYOVNT OF BREAST MPAT ARD GRADE F CARCASS IN RLL4TICH O BOTY
; PUREBRED CORKISH, MEW HAUPSTIRFS, Ba
OUTE ROCKS AND THEIR CROSSES

»k* s
\..41

Data were collected snowing the amount of breast meat anu grade of
carcass in relation tc body measurements on 720 twelve-week old purebred
Cornish, New Hampshires, Barred Plymouth Rocks, and their crosses.

Statistical anmlysis of the data indicated that the amount ol meat
on the breast is affected Ly tne rate ol growth, breed ané sex of the
bird. live body weight was found to be the best criterion of %ive guentity
of breast meat on pursbred and crossbred chickens of thls age., The arount
of meat on the cercess of the Cornish x Few Hampshire progeny wes sig-
nificantly greater than the apount of breast meat on the carcass ol the
other crossbred anc purebred progeny. The relative amount of breast meat
was groater in the females than in the males,

sige and breed were also cbsarved Yo have an important effect upon
market grade, in thet the {astest growing birds and the rroseny from the
Cornish x Few Hampshire matings tended %o grade the highest.

The observed cross-section bLresst area waes the best criterion of

market grade and the correlation ratios were Ligher hetween flesh measure-

ments &nd ;jrade than between long bone moasurensnts and grade, Cf the

)

bone reasuremenis used in this inwvestigeablion, shank length gave the hipghn-
o8t corrslation with the total amount ol breast meat,
The study indicated that the inheritance of body conformation and

flestiing is complex.



