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Several experiments were conducted with birds differing in 

body weight, conformation and sternal measurements to obtain in- 

formation on whether it would be possible during short term 

selection to influence the shape of the sternum and, if so, what 

influence this would have on the amount and distribution of the 

breast meat. 

The first experiment consisted of sixteen matings between 

three groups of meat production strains and a strain of giant Leg- 

horn. In the progeny from the first experiment birds were selected 

on the basis of sternal measurements and breast width in various 

combinations. A total of three generations were obtained and pro- 

vided data from 316 males and 319 females in five different matings. 

The data were subjected to an analysis of covariance to obtain in- 

formation on the significance of differences between the lines of 

regression in the measurements taken. 

The results did not support the original hypothesis that an 

increase in breast width would bring a concurrent decrease in keel 

length, keel height or keel indentation. However the muscles of the 



breast showed some divergent development with selection. An in- 

crease in keel length produced a relatively greater increase in the 

pectoralis major than in the pectoralis secundus whereas an in- 

crease in breast width increased both muscles equally. 

Various measurements of growth were observed in one 

experiment and it was found that all six measurements taken weekly 

increased linearly. This supports the hypothesis that general 

growth factors probably have the greatest influence on development. 

Some of the measurements in the broiler groups were com- 

pared to the same measurements in egg production Leghorns. The 

lines of regression of these measurements were parallel indicating 

that no difference exists in the body parts measured, between the 

broiler groups and the egg production Leghorn. 
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THE SKELETAL BASIS OF BREAST WIDTH IN THE 
DOMESTIC FOWL 

INTRODUCTION 

The poultryman sells his broilers by weight, but their con- 

formation will determine their acceptability. Wide birds are pre- 

ferred over narrow birds by the housewives. This refers partic- 

ularly to the pectoral muscle which is, with the legs, the most 

desirable part of the chicken. 

Interest in producing a better conformed broiler was initi- 

ated, in the latter part of World War II, by a chain of supermarkets 

to provide a better product for their consumers. In cooperation 

with the poultry industry the Chicken -of- Tomorrow contest came 

about. This gave impetus to the commercial broiler breeders to 

continually strive for perfection. The idea was also investigated 

by the experiment stations to determine how the desired character- 

istics could be improved most efficiently. 

Many studies have been conducted to achieve this goal. How- 

ever, the efforts have been mainly directed to mating broad, super- 

ior birds to obtain a wider breast. It is difficult to measure breast 

width in live birds and different ways have been used and discarded 

for tediousness of the operation or large experimental error. 

The objective of this investigation is to determine whether 

an absolute gain in breast meat can be achieved through specific 

selections by relating the height, length and indentation of the 
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sternum (crista sterni) to the breast width and yield of breast meat 

in broilers. The second purpose was to try to gain improvement 

in these characteristics by selection on the sternum directly. 



REVIEW OF LITERATURE

Anatomy of the Sternum

The sternum varies considerably in structure among the

different groups of birds and is of value as a taxonomic character.

In the ratites and in the flightless Hesperornis it is plate like,

though there may be a large boss in the center. In the great

majority of birds including Ichthyornis and the penguins, which use

their wings for swimming, the sternum is carinate, with a promi

nent median keel (4, p. 253).

In the domestic fowl the sternum or breastbone is a quadri

lateral curved plate with processes projecting from each angle and

from the middle of the cranial and caudal borders. The meta-

sternum or caudal process, which is the largest and longest, has

along its ventral side a tall ridge called the sternal crest or crista

sterni. This crest tremendously increases the surface of the

sternum for attachment of the large muscles. The cranial, medial

projection, commonly called rostrum, is short but is part of the

sternum where it joins with the shoulder girdle.

The Origin of the Sternum-Evolutionary Considerations

The sternum is found in living Vertebrata (Chordata) first

in the Elasmobranchs but a typical sternum appears first in the

grade Tetrapoda and the subgrade Amniota. Here it occurs as a

median ventral endoskeletal plate in the thoracic region. Its
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purpose is the protection of the thoracic cavity with its organs and 

to serve for the attachment of the pectoral limb muscles. Flying 

birds have median keels (crista sterni) to give greater area of 

attachment for the large flight muscles (19, p. 81). In general the 

size of the keel is an index of the wing power of the bird, and is 

therefore extremely large in the rapid fliers as Micropodidae and 

Trochilidae (Hummingbirds) (4, p. 254). In other birds like the 

Ostrich, Emu, Apteryx and related orders it consists of a simple 

convex shield much like in lizards. These are considered archaic 

forms of birds as they are also non -flying. It has been proposed 

that this group of birds branched off the main line of descent at 

very early times. They belong to the section Ratitae as having 

flat or raft -like breastbones. The remainder of the birds belong 

to the section Carinatae as having a large keel (2, p. 96). 

The great variation seen in avian sterna suggests that it is 

a very young element, still considerably plastic and that it has 

undergone rapid progressive evolution during phylogenesis. This 

is supported by Klima (36, p. 188) in his embryological studies. 

Parker (52, p. 121) agrees with Ruge's theory (57, p. 398) 

and advances the idea that the costal sternum in reptiles, birds and 

mammals develops from the ribs and the omosternum (coracoidal or 

clavicular sternum) by segmentation of the shoulder girdle 

characteristic of amphibia. 
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Illustration I. Great variety of sterna of eight week old broilers 

The Origin of the Sternum -Embryological Investigations 

Fell (14, p. 410) in her embryological work describes the 

normal development of the bird's sternum as follows: It appears 

as two mesodermal plates on either side of the anterior -lateral 

body wall. These plates chondrify, move together and fuse in the 

midline. Fusion, which begins at the front and passes backwards, 

is immediately followed by the development of the keel. She 

suggests (p. 425) that in the formation of the keel extrinsic factors 

are at least partially involved. 

On morphological evidence alone it seems likely that the 

formation of the keel is related to the growth and development of 

1 

. 
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the pectoral muscles with which it is so intimately associated. In 

matter of fact Fell states that the keel is an outgrowth of the ster- 

num of comparatively late phylogenetic date and created for and by 

the attachment of the pectoral muscles. But as she found in ex- 

plants of the sternal bands the keel can also develop in the absence 

of these muscles at which time other extrinsic mechanical factors 

may be present. 

Primarily the keel must develop in response to factors in- 

trinsic in the sternal plates. How this is accomplished, whether 

by increased cell divisions in certain areas, by orientation of the 

cells, or by greater deposition of intercellular substance in certain 

regions is not known. Fell thinks that even though the potency for 

keel formation is inherent in each half of the sternal rudiments, 

fusion of the plates and possibly also the presence of the pectoral 

muscles provide the optimal conditions for the expression of this 

potency. 

From her embryological investigations on the black- headed 

gull, Fell suggests that there may be a part of the keel that does 

not originate from the fusion of the sternal plates but rather has an 

independent origin and is not paired. She writes: "The keel appears 

to develop in two parts; a paired dorsal part continuous with the two 

halves of the corpus sterni, and an unpaired central part produced 

by the downward and inward migration of the perichondrial cells of 

the upper part." Klima (36, p. 160) strongly supports this dual 

origin idea of the sternum proposed by Fell (14, p. 460). Three 
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different theories of sternal origin have been proposed by different 

investigators: 

1. From the ribs (costal) 

2. From the coracoid (clavicular or coracoidal) and 

3. Independently (in situ). 

Each one of these theories has had fervent followers, al- 

though today the independent origin is more generally accepted. 

Measurement of Conformation 

To accurately measure breast width is rather difficult, 

particularly on the live bird. Several different tools have been 

used as summarized in Table I. 

Table I. Ways of Measuring Conformation 

Measurement Tool Investigators 

Live Breast Width Lead tape or Asmundson, V. S. , 1940 
wire solder Frischknecht, C.O. 

and M.A. Jull, 1946 
Johnson, A.S. and 
V.S. Asmundson, 1957 

Parallel jaw 
caliper 

Angle meter 

Kish, A.F., 1953 
Oregon State University 

Collins, W.M. et al. 
1950 
Newell, G.W. and 
G.F. Godfrey, 1954 
Siegel, P.B., 1962 

Virginia breast Siegel, P. B. , 1962 
meter 

West -Virginia Kish, A. F. , 1953 
breast meter 



Table I. Ways to Measure Conformation (Continued)

Measurement

Live Keel Length

Keel Height

Killed Breast Width

Keel Length

Keel Height

Tool

Ruler

Parallel jaw
caliper

X-rays

Investigators

Oregon State University

Oregon State University

Horst, P. , I960

X-rays Horst, P. , I960

Ultrasound Horst, P., 1961

Cut sagitally Haring, R. , et al. ,
after frozen 1959
solid and

measured with

a ruler.

Parallel jaw Oregon State University
caliper

Parallel jaw Oregon State University
caliper

Keel indentation Ruler Oregon State University

The great diversity of methods in itself is an indication of

dissatisfaction with the various measurements made on live birds.

But since the measurements are used on a comparative basis they

are assumed to be valid for selection.



Illustration II. Breast Meter developed by Bird 

Illustration III. Parallel Jaw Vernier Illustration IV. Breast 
Caliper and 18 gauge Hypodermic Angle Meter and Lead 
Needle 

h 
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Relationship of Skeletal Measurements to Conformation 

Bone growth is a good expression of growth intensity and 

therefore it is thought that certain skeletal measurements give a 

good indication of body weight and also conformation (25, p. 531). 

However, not all investigators agree with this, for instance 

Scholtyssek (61, p. 490) states that since the determination of 

breast measurements on the live animal is technically incomplete 

because the relative measuring accuracy is not sufficient, any 

correlation calculation between these and other skeletal measure- 

ments and the amount of breast meat is illusory or at least 

questionable. Frishknecht and Jull (15, p. 343) support this by 

suggesting that breast width and skeletal size in chickens are not 

determined by the same genes. 

Horst (25, p. 118) used x -ray pictures of the breast to show 

that 38% of the variance in the weight of the breast meat is attribut- 

able to the observed differences in the planimetrically calculated 

area of the keel and 58% to the variation in the breast meat thick- 

ness. This means that meat thickness is a better measure of the 

breast development than the area of the keel which was determined as: 

/ , / " ( i 
Area of triangle 

1f 
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Keel length has been used by other investigators (15, p. 333; 

27, p. 74; 29, p. 298; 35, p. 306; and 37, p. 124), but none felt that 

this is the best measurement to determine the amount of breast 

meat or the conformation of the bird. Jaap and Thompson (27) feel 

that keel length is not breed specific and that the keel3 /body 

weight ratio may vary considerably without altering the body type of 

the living bird. They think that the slope as well as the location of 

the keel in the longitudinal axis of the body has much more influence 

on the conformation of dressed birds than does keel length. 

Shank length and circumference are other favorite measure- 

ments that were found to be the most predictive of all skeletal 

measurements related to body weight. Jull, Phillips and Williams 

(31) selected short and long shanked 12 -week old New Hampshire 

cockerels and compared the breast meat with shank length. Breast 

meat as a percentage of chilled dressed weight was 14.6 and 15.4 

in the short and long shanked birds respectively. Cock (10) studied 

the relationship of growth of shank length to body weight in Cornish, 

Light Sussex, White Leghorns and Rhode Island Red chickens. He 

found that from two to ten weeks of age this relation conforms 

closely to simple allometry and has a correlation coefficient of 

approximately . 36. A. sex difference was observed in that at a 

given body weight males have longer and thicker shanks than fe- 

males. 

Since the variation in shank length is complex in its onto - 

genetic and anatomical origin, differences in shape and 
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rate -of- change of shape are mostly due to differences in general 

size and general growth rate. Pilla (54) found that in New 

Hampshires there is a correlation of . 97 between the tarsometatar- 

sal circumference and live weight and . 96 between a skeletal index 

and live weight. The skeletal index used was 

live weight 
circumference of tarsometatarsus 
was estimated to be 43. 1%. Jaap (28, p. 440) states that propor- 

tionally shallow bodies and short shanks indicate superior body 

shape after the feathers are removed. 

Merritt (46) studied the effects of selection for breast width 

on other body dimensions such as body weight, keel length, and 

shank length. He worked with three lines which were drawn from 

the Ottawa Meat Control strain and selected only for breast width. 

Some of the remainder were raised as controls. The correlation 

estimates in control strain data between breast angle and body 

weight, keel length and shank length were . 21, -. 19, and . 01, 

respectively. After four generations no significant difference in 

body weight was observed but, as the negative correlation of breast 
width with keel length would indicate, a reduction in keel length was 

observed. He concluded that a compensatory decrease of keel 

length is associated with an increase in breast width if that 

character is the only one considered in selection. 

The reason that skeletal measurements are not parallel to 

body weight was explained by Maw (43, p. 87). He states that bone 

growth in Leghorns ceases at about 160 days of age but body weight 

The heritability of this index 
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would continue to increase.

Ricard (56) in correlating bone yield and breast angle of

158 12-week old male broilers found an average bone yield of 11%.

The correlation coefficient for the two traits was -.42 which indi

cates that birds with less bone weight have a broader breast.

Comparing the skeletons of 97 Leghorn chicks from hatch

ing to 300 days of age, Kaufman (38, p. 50-53) reports a sex

difference in duration and rate of bone growth. Male skeletons are

heavier than those of females, and they also form a larger per

centage of body weight. However, the use of body length (beak to

vent) causes the sex difference in weight of the bones to disappear.

Schneider and Dunn's work (60, p. 235-238) on 350 adult

female and 46 male Leghorns showed a correlation of only . 60 be

tween total bone size (compound length of cranium length and

breadth, length of humerus, ulna, femur and tibia) and body weight.

Relationship of Conformation to Body Weight

Work on different broiler and egg strains led Stotts and

Darrow (62) to conclude that breeding up to that time (whether for

broiler or egg production) had not influenced yields of edible meat

to a large extent, but average breast yields were slightly higher

in broiler strains. In all stocks, females gave higher average

breast yield and total edible meat yield than males at the same

weight. Maloney, Gilbreath and Morrison (42) selected for high

and low body weight at 12 weeks for ten generations in Silver
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Oklabars, but even though the parents were at least one standard

deviation better or poorer than the population mean the progress

was erratic.

Godfrey and Goodman (18) in their experiments with New

Hampshires and Silver Oklabars found the heritability of nine-

week breast angle to be .5 for New Hampshires and .4 for

Oklabars. A high correlation between breast angle and body

weight in these two breeds led to the conclusion that selection for

breast width will increase body weight and vice versa. These re

sults were supported by Newell and Godfrey (48) who concluded

that generally in New Hampshire-Silver Oklabar crosses the live

weight is more important than breast angle in determining the per

cent of breast of live weight. Frishknecht and Jull (15, p. 341)

found this also to be true in crosses involving Cornish, New

Hampshire and Barred Plymouth Rocks. The correlation between

breast angle and body weight varied from . 25 to . 49 in the differ

ent groups of Newell and Godfrey's crosses. Correlation between

percent breast and breast angle varied from . 18 to . 69 and between

live weight and percent breast from . 46 to . 55. Blow and

Glazener (6) also reported that 65% of the variation in breast

weight is explained by live body weight, but only 11 %> of the

variation was attributed to a cross-sectional area measurement

of the breast. Correlating breast meat yield to keel length, breast

width and length of metatarsus led to the conclusion that multiple

correlations do not increase the accuracy as the meat yield depends
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very much upon body weight (61, p. 492). 

However, Dickerson and Lamoreux (12) found in New 

Hampshires that the genetic correlation is slight for weight or keel 

length with breast width, but is about . 50 between keel length and 

body weight. Haring, Gruhn and Diekmann (21, p. 310) add that the 

surface of a certain area of the breast is correlated to its weight 

only within the breed but not between breeds. 

Body weight increases faster between eight and 12 weeks than 

body depth in Cornish, Plymouth Rock and Leghorn crosses and 

Jaap (28, p. 438 -440) considers body weight more important than 

keel length for breast width and suggests two ways a chicken may 

obtain superior body shape, either by increase in flesh and fat or 

by changes in the basic shape of the skeleton. 

Frishknecht and Jull (15, p. 332 -335) measured 110 males 

and 146 females of Cornish, New Hampshire, Barred Plymouth 

Rocks and their crosses with a lead tape to the lateral caudal pro- 

cess to determine the width and depth of the breast. Then the 

triangular breast area was calculated and used to get a breast 

index: 

Obs. cross section area 

Index = Triangular breast area 
breast depth 
breast width 
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Their correlations of breast meat with live weight, keel

length and breast width were .91, .74, and .61, respectively, which

indicates the importance of live weight in estimating breast meat as

compared to breast width. The average amount of breast meat was

10. 59% of the live weight but regardless of sex the larger birds had

the greater amount of breast meat.

Horst (25, p. 118) states that breast meat weight amounts to

14-16%o of the live bird. The discrepancy between this estimate and

that of Frishknecht and Jull (15, p. 333) is probably because the

former used only the meat while the latter used the whole breast.

Inheritance of Conformation

Hutt (26, p. 265-266) states that shape or conformation de

pends on many factors but suggests that variations in shape must

arise from variations in the rate and duration of growth in different

parts of the skeleton or in the muscles that overlie it. Growth pro

cesses probably affect some bones differently than others, but one

could still argue that the genes for growth of the skeleton have

general effects and that different bones react differently to them.

The growth of bones also gives a good estimate of the bird's

metabolism and the faster the bone growth the lower the feed intake

per unit increases of weight (24, p. 533).

Another view is that the higher growth rate in certain crosses

depends upon changed anatomical proportions brought about by cross

ing. Klaude-Klaudel (35) attributes the rapid growth of pigeons to the
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higher relative weight of the vegetal system (intestine, liver,

heart, kidney and lungs) which makes possible the intake and

assimilation of greater amounts of food. She weighed the progeny

of Polish Greenlegs, Sussex and their crosses including the weights

of the bones of the left leg, breast bone and external left breast

muscle at hatching, 80 days of age and in adult females. Since the

baby chicks weighed the same, later differences can only be ex

plained by growth rate. The groups showed that the weights of the

majority of the organs are directly related to body weight, but

actual and relative weights of leg and breast bones are lower in the

Greenlegs than in the crosses at hatching and at 80 days of age. No

essential differences in leg and breast muscles were found in

Greenlegs and the crosses.

Heritabilities were estimated by Dillard, Dickerson and

Lamoreux (12) in New Hampshire pullets for breast width, keel

length and body weight. They used fullsib correlations and intra

sire regression of daughters on dams. The results were .21 and

. 12 for breast width; . 49 and . 48 for keel length; and . 34 and . 32

for body weight. Merritt (46) gives the heritabilities of 12 week

body weight and breast angle of broiler chickens as . 56 and . 33.

Kish (34) was able to improve breast width .06 -.07 inches

above the parental generation with positive selection and reduce it

.03 - .04 inches with negative selection in New Hampshires.

In crosses of Leghorns with Orpingtons Kopec (37) observed

that Leghorns had a dominant influence on the length of the sternum



18

and the breadth of the thorax but Orpingtons exerted their domi

nance on the depth of the thorax and the length of the lower thigh

and tarsus. He found the body weight of Orpingtons X Leghorns to

be intermediate in the Fi but in the F-, greater variability was seen

in body weight as well as in conformation. In the reciprocal cross

the body weight in the F^ was similar to that of the male parent

(Leghorn) but the other values were similar to those of the first

cross. Separate body dimensions are to some extent inherited in

dependently of each other. Kopec (3 7) concludes that apart from

genetic factors which cause the differences in the dimensions of

the whole body between larger and smaller breeds, there also exist

other specific genetic factors with local action which have a decisive

effect on the proportions of the body by influencing the dimensions

of separate parts independently of each other.

Some examples of specific factors that are easily observed

are presented by Hutt (26, p. 269) as the genes for creeper and

rumplessness.

In crosses involving Cornish the wide breast tends to be

dominant (15, p. 344). Collins, Bliss and Scott (11) repeated the

matings of Kish (34) and found that in New Hampshires selected for

broad and narrow breast the matings involving broad dams and

broad males produced significantly wider breasts than when the

same dams were mated to narrow males.

Maw and Maw (44) reported that in different types of

Plymouth Rocks the male determined to a large extent the length of
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back, keel and shank of the male progeny but has no effect on other 

measurements and body weight. 

Good fattening ability is more strongly inherited from the 

male than the female according to Mehner and Torges (45, p. 136) 

in crosses of White Rocks and Leghorns but not the shape of the 

breast muscle which seems to be intermediate between the two 

parents. 

Siegel (64) worked with White Rocks and observed the effect 
of selection on breast angle and body weight. As these two 

characteristics are related he assumed one to change as the other 
is increased by selection. Two lines were selected positively and 

negatively for breast angle and body weight. Selection for body 

weight resulted in greater change of breast angle than the recipro- 
cal. The relative efficiency of selection for changing breast angle 

through selection for body weight as compared to direct selection 
for breast angle was 71% for males and 94% for females. The 

efficiency of selection for changing body weight through breast 
angle was 33% for males and 29% for females. Siegel considers 
this asymmetrical response to be due to unequal heritabilities, un- 
equal variances or a combination of both. Eight week body weight 
heritability in weight lines was .31 for males and .28 for-females. 
For breast angle in the angle lines it was .24 and .21 for males 
and females, respectively. Pooled estimates of the genetic 

correlation across subpopulations were . 51 for males and . 53 for 
females which means that the genetic influences on one character 



20 

has a positive effect on the other. He suggests that the number of 

genes which influence body weight is considerably less than that of 

genes influencing breast angle. 

In another experiment Siegel (63) used White Rocks divided 

into a broad and a narrow line. The breast angle of males in the 

broad and narrow lines was 3.5 degrees greater and smaller than 

in the cr os s line males while in females the values were 2.3 and 3. 9 

degrees, respectively. The presence of additive gene effects in the 

determination of body weight and breast width is supported also by 

Brunson (8). The heritabilities in ten week old crosses of Silver 

Oklabars and New Hampshires and pure lines were estimated to be 

for breast angle .46 (.37 for males and . 55 for females). 

The independence of skeletal and breast measurements was 

discussed by Bird (5). He observed in male chickens at 25 weeks 

of age that the coefficient of variability for total width at 1/5 of full 

depth was 16% but for internal width of the thoracic cavity, as ob- 

tained from frozen carcasses, the coefficient was found to be only 

3.7% and for depth at the anterior point of the keel 6. 1%. Since 

the two determinations of width varied independently in chickens, 

and the regression of breast width on depth is significant and 

negative he concludes: First, that the internal thoracic capacity of 

chickens of the same age is remarkably uniform; second, that ex- 

ternal width is independent of skeletal width and consequently; third, 

that thickness of pectoral muscles is a character separate from and 

independent of skeletal width and; fourth, that volume of pectoral 
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muscle tissue does not increase with increments in skeletal depth. 

Contrariwise the volume of pectoral muscle tissue has the tendency 

to be laid down over the keel, its lateral processes and the ribs 

in increasingly broader but thinner sheets as depth enlarges. 

The use of a selection index to increase breast width more 

rapidly than by selection for width alone was investigated by 

Abplanalp and Asmundson (1). The index consisted of body weight, 

breast width, shank length and keel length with a ratio of 1 + . 6 - 

.2 - . 2, respectively. In five generations this index produced 20% 

better results than selection for width alone. 

Size and Growth - Determination of Size 

Keller (33, p. 530 -532) agrees with Zarrow (68) that 

differences in large and small poultry are determined by different 

cell number not cell size which means that size is due to an in- 

creased frequency of mitosis. Keller worked with Leghorns, 

Plymouth Rocks, Silkies, Sebrights and Blue Porcellan Bantams. 

In her embryological studies on the different crosses she found 

that the difference in size is visible from the second week of incu- 

bation on. Painter (quoted by Keller 33, p. 511) reached the same 

conclusion on rabbits. Thompson also thinks that in several ani- 

mals cell number is more important to produce a larger specimen 

than cell size (66, p. 39). 

Growth is a differential increase in the component parts of 

the body. It is a process and a force. Only in the simplest 
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organisms could one set growth and increase in size as equal. In 

fishes the external form is established early in the post- embryonic 

life and is adhered to within narrow limits for the rest of their life. 

These animals have no fixed adult size as mammals where growth 

stops once the form becomes constant. Schmalhausen (58) expresses 

an equal growth constant as homonomic growth but includes in this 

the condition that the anlagen of the organs or skeletal parts com- 

pared have to be of equal age i.e. arose in the embryo at the same 

time which is found largely in insects. 

In case organs develop in sequence the later anlage will grow 

faster than the earlier one, which causes a characteristic but 

temporary change of proportions. This also depends on the embryo- 

logical origin of the organ and whether it is functioning or not. 

Epithelial organs grow slower than parenchymatous ones as do 

functioning organs compared to those that do not function. Without 

special altering factors growth is determined by two agents: 1) The 

mass factor which depends upon the size of the anlage and deter- 

mines the rate of absolute growth of the body per time unit and 2) 

the intensity factor, the growth constants, which determine directly 

the speed of growth. Growth curves consist of parabolas which can 

each be expressed in a formula. Punnett and Bailey (55) expressed 

earlier that growth curves are compound curves consisting of 

several simple ones. Comparisons between sexes at equal age or 

weight show that most body measurements increase both actually 

and relatively at a higher rate in the male than in the female. 
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Keller (33) stated that she detected differences in size during

the second week of incubation which may account for the different

percentage of hatching weight of the egg weight that Hutt (26, p.

265) gave as 61-68%.

Palsson (49) suggested that differences in size depend on

many genes and that even though cell number has the greatest in

fluence on size, cell size cannot be ignored.

Size and Growth - Inheritance of Size

Hutt in his book "Genetics of the Fowl" (26, p. 260-262) re

ports that a cross between two different size breeds will yield an

F-, generation that is usually intermediate between the two parents,

except in some crosses where hybrid vigor may raise the mean

toward the larger parent. In the F2 variability is greater and the

parental sizes are likely to be recovered in large populations. F^

birds smaller or larger than the parents (transgressive inheritance)

may be found in rather large F2 populations, but theoretically the

chance of getting them will vary inversely as the number of genes

differentiating the two parents with respect to size.

The conclusion of Hutt is generally supported and most ex

periments seem to show similar results. Rose-combed Bantams

and Barred Plymouth Rocks were mated by Godfrey (17, p. 25) with

the results that the F, progeny weighed less than the parental inter

mediates. From this he concluded dominance of the smaller size.

Crossing Polish Greenlegs with partridge-colored Bantams
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Kaufman (32) found that at eight months of age the F, were inter

mediate in weight. But the reciprocal cross yielded F, 's that were

smaller than the intermediate weight of the parents. She proposed

an autosomal and a sex-linked gene as responsible for the inheri

tance of body weight. Lerner (39, p. 520) rejected this sin-vole hy

pothesis and held that size differences controlled by a single factor

are comparatively rare. They do occur though but multiple factor

control of size differences is the more common occurrence. Some

reasons for this theory are: (1) The variability of the F-, is greater

than that of the F^; (2) Genetical distinctness of the F3 progenies

from various points on the F^ curve of distribution; (3) Linkage of

some genes for quantitative characters with those usually referred

to as qualitative characters; (4) Occurrence of the phenomenon of

heterosis.

Though it is generally accepted that many genes determine

quantitative characters it is not clear whether Rasmusson's

suggestion (quoted by Lerner, 39, p. 585) of 100 to 200 genes should

be accepted. Punnett and Bailey (55) suggested four factors to be

in control of the variation when mating large and small breeds such

as Silver Sebright Bantams and Gold-Pencilled Hamburghs. Com

paring other measurements to body weight it was found in Minorca

and Barred Plymouth Rocks that a uniformity exists in the loga

rithmic ratio of the pectoralis major to body weight. The pheno

menon of hybrid vigor is true for parts as the general growth

pattern is the same in all normal sized breeds of fowl. But Lerner
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(39, p. 557) suggested that the F1 generation tends to be closer to 

the weight of the heavier parent. Exceptions are found where 

bantams are used as one of the parents. 

Whether size genes are general or specific has long been 

in controversy. General factors seem to carry the greatest im- 

portance but group and special factors are also involved (39, p. 

528). Wright (67, p. 610) agrees that crosses between strains of 

different sizes require the assumption of multiple factors. 

Excessive growth of one part may interfere with growth of other 

parts which would tend to create negative correlations with the 

latter. This was observed by Pilla (54) in New Hampshires where 

an increase in breast width caused a shortening of the sternum. 

The existence of any variability, independent of general 

size, would require that in these animals parts which happen to be 

above the average must necessarily be balanced by other parts be- 

low the average, merely by the act of selection. Wright (67, p. 

617) concluded that in general the general size factors preponderate 

but group factors exist for the wings in fowl and some measure- 

ments in rabbits. In addition special factors acting on each part, 

separately from the others, are indicated. 

The skeletal dimensions of the fowl are apparently deter- 

mined by a number of genes whose action is of a general nature, 

Maw (43, p. 109). He further proposed that one factor of a gener- 

al nature is located on the sex chromosomes of the Golden 

Sebright and has a dominant inhibiting effect on the size of the 
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appendicular skeleton and of the cranial dimensions. 

Haverman (22, p. 340) wrote that the difference in growth 

intensity between males and females is not due to sex hormones 

but rather to sex - linked genes which are more frequent in the male 

as he has two sex chromosomes. Bone growth has a close re- 

lationship to growth and body weight and has a smaller variation 

than body weight. The variation coefficients are 12 -18% for body 

weight and 3-4.5% for skeletal measurements. Therefore, he 

suggested that genetic studies are better undertaken on skeletal 

measurements than body weight. But since the latter is easier to 

measure it is used more frequently. 
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EXPERIMENTAL PROCEDURE 

Experiment I: Crossing Birds Differing in Body Weight and 
Conformation 

The original matings were reciprocal crosses between 

heavy Cornish (A), light Cornish (B), a commercial broiler cross 

(C) and Giant White Leghorns (G). These lines provided a series 

of decreasing body weight and breast width in the order, A, C, G, 

B. The average eight week weights and breast widths were for 

males and females, respectively: 

A. Line 3. 6 and 2. 9 lbs; 3.4 and 3.3 cm 

C Line 3. 5 and 3.0 lbs; 2.6 and 2.8 cm 

G Line 2. 9 and 2.2 lbs; 1. 8 and 1. 7 cm 

B Line 2.3 and 1. 9 lbs; 2.4 and 2.4 cm 

With the exception of the commercial broiler cross the other three 

lines were regularly maintained at the Oregon State University 

Poultry Farms. The commercial broiler cross parents were 

selected birds from a management study. 

These four lines provided sixteen different crosses for the 

first hatch as follows: 

A X 

A X B 

A. X C 

B X A. 

B X B 

B X C 

AXG BXG 

C X 

C X B 

CXC 

G X A. 

G XB 

G XC 

C X GXG G 
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The commercial broiler cross was sold after the first 

mating and the second mating consisted therefore of only nine 

crosses: 

A. X B X G XA. 

A.XB BXB GXB 

A.XG BXG GXG 

The chicks from these matings were hatched in two groups, 

January 29 and February 26, 1962, respectively. All hens with the 

exception of those in the G -line were artificially inseminated as 

they are regularly kept in 10" x 12" cages. The G -line hens were 

kept in a single floor pen for the duration of the experiment. 

Insemination took place twice each week. The eggs were pedigreed 

and stored for two or three weeks depending on the time of year 

and rate of production. The egg storage room is mechanically 

cooled to fifty degrees Fahrenheit. The eggs were sorted by hen 

and mating group before setting in the incubator. They were 

candled on the eighteenth day of incubation and all eggs containing 

a live embryo were transferred to pedigree wire baskets in a 

hatcher. At hatching time each chick was wing banded and re- 

corded. 

The chicks were reared under electric brooders in floor 

pens to which they were randomly assigned. They were fed a 

commercial broiler ration. At ten days of age they received a 

coccidiosis treatment consisting of oocysts in the feed for one day 

followed by feed containing .05% Sulfaquinoxiline for six days. 
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At eight weeks of age the chicks were weighed and their 

breast width was measured with a parallel jaw vernier caliper. 

(See Illustration) 

Representative birds of most matings were killed to obtain 

measurements on the sternum. Care was taken to use birds of 

average live measurements for these groups. After killing and 

removal of the feathers the whole breast was dissected out. The 

separation was made by a cut that went through the coracoid and 

clavicle just above the shoulder joint, laterally through the 

articulations of the vertebral and sternal ribs, along the outline of 

the pectoralis until the whole structure could be lifted out. 

The whole breast was weighed and then the individual 

muscles (pectoralis major and pectoralis secundus), the right and 

left sides together, were separated and weighed. The keel length 

was measured with a caliper from the ventral anterior process of 

the sternum to the posterior point of cartilage. 

A. 

4t5' 

} 
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To measure the height and indentation of the keel the sterna 

were boiled in a detergent solution until the cartilage and remaining 

meat could easily be removed. After drying a caliper was employed 

to determine the distance from a point of the crista directly above 

the narrowing of the rostrum to the dorsal surface of the lateral 

process of the sternum. (See Illustration) 

The indentation was measured with a ruler from a line pro- 

jecting vertically as to touch the ventral anterior process of the 

sternum to the most removed point on the crista from this line. 

(See Illustration) All weights were taken to the nearest gram and 

all measurements with the caliper to the nearest half millimeter. 

On the basis of measurements taken on the killed birds 

desirable brothers and sisters were kept for subsequent matings. 

This was done on the assumption that the full- and half -sibs of the 

killed birds would have similar sternal measurements. The 

selected birds belonged to three groups: 

1. Those with greater than average keel indentation and lower 

than average keel height; 

;1e'2 .''jr 
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2. Those with lower than average keel height and greater than 

average width, and 

3. Those with greater than average keel indentation and greater 

than average breast width. 

The selected birds remained in the brooder pens until it 

became necessary to separate the sexes at which time the females 

were put into individual cages where they were kept for the matings. 

Experiments II and III: Mating Birds With Selected Sternal 
Characteristics. 

Experiment II. Progeny of the birds selected for divergence in 

sternal dimensions were hatched on October 10 and November 8, 

1962 and April 29, 1963. All chicks were raised as in the first 

experiment. 

Between the first and the second experiment a method was 

devised to measure the height and indentation of the sternum in 

living birds. An eighteen gauge hypodermic needle was used for 

this purpose. The needle was marked at five millimeter intervals 

and was inserted into the breast muscle as close as possible to the 

crista sterni without injuring the periosteum. The location was the 

same as that used for the caliper measurement on the sternum re- 

moved from the dressed birds. (See Illustration) 
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As the point of the needle touched the ventral surface of the lateral 

process of the sternum the reading was taken at the level of the 

crista. To measure the indentation the needle was inserted 

anteriorly to the anterior ventral process of the crista at about 

a forty -five degree angle. The reading was taken at the level of 

the anterior process when the point of the needle touched the indent- 

ed cranio- ventral surface of the sternum. (See Illustration) 
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On the basis of measurements taken with the hypodermic 

needle and the parallel jaw vernier caliper, birds were selected 

with the purpose of increasing the breast width, keel indentation 

and keel length and reducing the keel height. In addition birds with 

short sterna were also selected irrespective of other measurements. 

Experiment III. Progeny of this third group of matings hatched on 

August 19 and September 21, 1963. They were also raised as in 

earlier hatches. 

The first group of matings (III -I) repeated the three matings 

used in experiment II. These were: Keel indentation and keel 

height; keel height and breast width; and keel indentation and breast 

width. In addition matings of short and long keeled birds were also 

made. 

The second group (III -2) contained only matings of short 

keeled males with long keeled females and vice versa. Sample 

birds of experiment III -2 were killed at four weeks of age to be 

compared to those killed at eight weeks. Starting at two weeks of 

age weekly measurements were taken. Beginning with body weight 

and keel length at two weeks (See Illustration) measurements of 

breast width were taken from three weeks on; keel height from 

four weeks on; and keel indentation from six weeks on. This was 

to determine if the growth of the birds is linear for the measure- 

ments concerned. 
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Comparison of Broilers with Egg Production Leghorn 

Date were also collected on White Leghorn chicks. Ten 

male and ten female baby chicks and ten male and ten female four 

week old birds provided comparable measurements. It was not 

possible to ascertain the breast width or keel indentation of the day 

old chicks. Breast width was not obtained on the four week old 

birds. The collected data were compared with the same measure- 

ments obtained from the broiler groups to see if differences exist 

between the birds bred for egg production and for meat production. 

Statistical Procedure 

The data were all submitted to an analysis of covariance 

as outlined by Li (40, p. 344 -349). Correlation coefficients were 

calculated between the following measurements: 

Body Weight and Breast Width 
Keel Length 
Keel Height 
Keel Indentation 

- 



35 

Breast Width and Keel Length 
Keel Height 
Keel Indentation 

Keel Length and Keel Height 
Keel Indentation 

Keel Height and Keel Indentation 

The weights of the whole breast, the pectoralis major and the 

pectoralis secundus were analysed for correlation with body weight, 

breast width, keel length, keel height and keel indentation which 

resulted in twenty -five correlation coefficients for each sire group. 

The regression coefficients which were obtained from each 

analysis of covariance were submitted to an analysis to determine 

whether there was any significant deviation from a common re- 

gression line between hatches, matings, breeds and sire groups. 

The data on breast weight and on the weight of the pectora- 

lis major and of the pectoralis secundus were subjected to a test 

of homogeneity of adjusted means (40, p. 353 -359) to establish 

whether the differences in weight of breast meat were accounted 

for by differences in body weight or could be due to the different 

matings. 
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RESULTS 

Experiment I: Crossing Birds Differing in Body Weight and 
Conformation 

The average eight week weights of the parents used in 

experiment I were for males and females respectively in 

A -line Cornish 1616.2 and 1352.9 grams 

B -line Cornish 1044.2 and 885.3 grams 

the commercial cross (C) 1589.0 and 953.4 grams 

and the Leghorn Giants (G) 1293.8 and 1010.2 grams 

These parents were used in both matings of the experiment 

except the commercial cross which was sold between the first and 

second matings. 

The average body weights and breast widths of the progeny 

of the various matings are summarized in Table II and III. The 

data show that the birds of the second hatch were in most cases 

inferior to those of the first. This was in part caused by an out- 

break of coccidiosis in that group. The different time of year at 

which the two groups were hatched possibly added to the difference. 

Correlation coefficients were calculated for the progeny of 

dams within sires within strains. These data are summarized in 

Table IV. 



Table II. Average Weights of Progeny of various coatings in Experiment I 

A Line B Line C Line G Line 

Hatch No Males No Females No Males No Females No Males No Females No Males No Females 
gm gm gm gm gm gm gm 

A. I-1 1 166l.0 4 1010. 5 6 1262.3 4 1015.0 4 1435.0 7 1161.0 2 1106.5 13 837.8 
I-2 3 1058.7 4 891.0 4 997.8 5 756.8 8 890.6 1 943.0 

B I-1 2 1276.0 2 1023.0 4 1076.5 4 767.5 6 1256.5 3 1080.7 2 922.0 2 688.5 
1-2 4 1001.8 5 888.2 5 869.0 7 717.1 7 900.4 15 691. 1 

C I-1 9 1444.4 4 1198.5 5 1124.0 4 1104.5 1 1611.0 3 1095.0 6 1066.2 7 932. 1 

G I-1 3 1183.3 2 1092.0 7 1041.7 8 879.0 4 1127.3 3 956.0 6 724.8 6 625.8 
I-2 1 930.2 1 843.0 9 897.9 12 739.8 15 699.2 12 582.6 

L I-2 6 1041. 0 14 962. 1 

Table III. Average Breast Width of Progeny of various matings in Experiment I 

A Line B Line C Line G Line 

Hatch No Males No Females No Males No Females No Males No Females No Males No Females 
cm cm cm cm cm cm cm cm 

A I-1 1 3.30 4 3 UO 6 2.88 4 2.88 4 2.95 7 3.09 2 2.55 13 2.53 
1-2 3 3.27 4 3. 50 4 3.03 5 2.40 8 2.06 1 2.40 

B I-1 
I-2 

2 
4 

2.85 
2.33 

2 
5 

2. 55 
2. 84 

4 
5 

2.53 
2.38 

4 
7 

2.50 
2.41 

6 2.75 3 2.80 2 
7 

2.15 
1.90 

2 

15 
2.55 
1.97 

C I-1 9 2.69 4 2. 75 5 2.52 4 2.60 1 2.60 3 2.77 6 2.47 7 2.43 

G I-1 3 2.70 2 2. 50 7 2.43 8 2.49 4 2.30 3 2.40 6 2.20 6 2.28 
I-2 1 2.30 1 1. 70 9 2. 07 12 1.90 15 1.62 12 1.48 

L I-2 6 2.50 14 2.67 
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Table IV. Correlation Coefficients of Body Weight and Breast 
Width in Experiment I. 

A B C G 

hatch male fern. male fern. male fern, male fern. 

A I-1 
I-2 .613 

.891 

.813 
.068 

-.090 
-.482 

.604 
-.270 -.611 

.773 
.411 

B I-1 
I-2 .120 .945 

.618 
-.024 

.890 

.393 
.449 .319 

.733 .497 

C I-1 -.176 .963 -.199 0 -.800 -.228 .299 

G I-1 
I-2 

-.712 .010 
.829 

.313 

.502 
.311 .434 .014 

.587 
-.632 
.351 

The coefficients show great diversity in their magnitude. 

Some large negative values were found. Further analysis was made 

on the data and the correlation coefficients of body weight and 

breast width of progeny within strains of sires is presented below. 

Sires Experiment Total 
I-1 I-2 

No male No fern. No male No fem. No male No fern. 

A 14 -.096 11 .795 10 .452 9 .813 24 .199 20 .789 

B 21 .019 19 .117 19 -.303 25 .452 40 -.163 44 .377 

C 14 -.004 16 -.560 14 -.004 16 -.560 
G 14 .094 29 .088 30 .561 27 .377 44 .401 56 .276 
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The correlation coefficients of body weight and breast width 

for all male and all female progeny of both hatches combined were 

.461 and . 510 respectively. The overall regression coefficient of 

breast width on body weight was . 0011 in males and exactly the same 

in females. 

The analysis of covariance of the two traits, weight and width, 

for males and females separately indicated only one significant 

deviation from a common line of regression in the sixteen different 

matings. The progeny of G -males mated to G- females and those of 

G -males mated to the three other groups of females combined did 

not have a common line of regression for breast width and body 

weight. The B -males had a comparable effect on their progeny but 

in this case the b -value only approached significance. A. summary 

of the b -values is found in Table V. 

Table V. Summary of b's of the Analysis of Covariance of Body 
Weight and Breast Width of Experiment I. 

Sires Males 
b 

Females 
b 

A all .00102 .00158 
in I-1 . 00133 
in I-2 . 00277 . 00342 

B all .00095 .00060 
in I-1 .00074 .00038 
in I-2 .00158 .00107 

C all .00059 

G all .00116** .00108 
in I -1 .00056 .00056 
in I -2 .00196 .00155 

highly significant 't 
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Results of Experiment II and III: Mating Birds with Selected 
Sternal Characteristics 

Experiment II. From the progeny of experiment I a number of birds 

were selected on the basis of measurements taken on killed brothers 

and sisters. Two measurements in combination were used for each 

mating group. These were: One, breast width and keel height; two, 

keel indentation and breast width; and, three, keel indentation and 

keel height. The matings were executed without consideration for 

the degree of inbreeding. 

The parental weights and breast widths for the three hatches 

of experiment II were as follows: 

Mating Males Females 
Weight Width Weight Width 

in grams in cm in grams in cm 

1. Great indentation 
and low height 1292.5 2.6 973.9 2. 9 

2. Great indentation 
and great width 1325.0 3.0 1140. 6 2. 7 

3. Great width and 
low height 1176.3 3.4 1018.3 2.8 

Two of the three hatches of experiment II contained all three 

matings and since the chicks were hatched only two weeks apart the 

correlation coefficients calculated include both hatches. The third 

hatch (II -2) contained only mating 2. A summary of results is pre- 

sented in Table VI. 
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Table VI. Summary of Results of Experiment II and III 

Mating Hatch 

Great width and II -05 
small height II -1 

III -1 

Great indent- II -05 
ation and great II-1 
width III -1 

Great indent- II -05 
ation and small II -1 
height III-1 

Long Keel III -1 

Short Keel III -1 

Great width and II -05 
small height II -1 

III -1 

Great indent- II -05 
ation and great II -1 
width II -2 

III -1 

Great indent- II -05 
ation and small II -1 
height III -1 

Long Keel III -1 

Short Keel III -1 

Males 
No Weight Width Keel Keel 

Length Height 
Keel 

Indentation 
gm cm cm cm cm 

42 1350.3 3.63 9.47 2.19 1.45 

8 1129.5 3.25 8.61 2.18 1.43 

10 1166.2 2.86 9.34 2.17 1.36 

10 1198.5 2.23 9. 02 2.50 1.47 

38 1116.8 2.95 9.14 2.21 1.34 

1 1090.0 2.70 9.60 2.40 1.80 

4 1259.8 3.80 9.18 2.23 1.65 

32 884.7 2.52 8.15 2.18 1.43 

Female s 

45 1095.1 3.55 8.85 2.06 1.28 

10 979.9 3.28 8.41 1.90 1.39 

5 961.6 2. 74 8. 78 2.10 1.08 

4 874.0 2.45 8.20 1.93 1.40 
6 1029.5 1.88 8.37 2.32 1.30 

37 997.3 3.01 8.74 2.18 1.20 

10 1057.8 2.87 8.99 2.22 1.50 

6 1014.0 3.45 8.42 2.20 1.50 

22 741.3 2.30 7.65 1.94 1.35 
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The measurements on the progeny of experiment II that 

were used for matings in experiment III are collected in Table VII. 

Table VII. Measurements of the Parents used in Experiment III 

Mating 
Males 

Weight Width Keel Keel Keel 
Length Height Indentation 

gm cm cm cm cm 

1 1108.0 4.3 8.8 2.0 1.2 
2 1205.0 2.6 9.9 2.0 1.6 
3 1203.0 3.3 9.4 2.4 1.6 
4 1640.0 3.8 10.7 2.3 1.7 
5 858.0 2.85 8.4 2.15 1.45 

Females 

1 1226.0 4.04 9.23 1.98 1.3 
2 1066.3 3.53 8.87 2.10 1.63 
3 1025.0 3.0 8.7 1.8 1.2 
4 1285.0 4.1 9.6 2.1 1.2 
5 810.0 3.15 7.87 2.0 1.02 

The mating numbers correspond to: 
1. Great indentation and low height 
2. Great indentation and great width 
3. Great width and low height 
4. Long keel 
5. Short keel 

Experiment III. The five different matings of experiment III -1 pro- 

vided data to determine the relationship between the two main 

breast muscles (pectoralis major and pectoralis secundus) and 

the relationship between total dissected breast weight and body 

weight. The relative weights in all matings were similar as can be 

seen from Table VIII. 
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Table VIII. Relationship of Total Breast Weight, Weights of the 
Pectoralis Major and of the Pectoralis Secundus to 
Body Weight in Experiment III -1 

Mating Females 

No B. weight Breast wt P. major P. secundus 
in pound in grams in grams in grams 

Indentation +Width 4 1.93 137.75 81.25 25.0 
Indentation+ Height 5 2.42 194.0 122.4 36. 8 

Width + Height 5 2.06 166.0 106.0 31.0 
Long keel 5 2.38 199.2 125.4 38. 6 

Short keel 5 1.60 121.6 76.4 22. 6 

Males 

Width + Height 5 2.46 181.6 115.6 32.4 
Long keel 3 2.70 220.67 140.7 41.0 
Short keel 5 2.12 156.4 100.8 28. 0 

The data of Table VIII were subjected to a covariance 

analysis for a test of the significance of means of breast weight 

adjusted for body weight in the five different mating groups. The 

F- values of the adjusted means revealed no significant deviation 

from a common line of regression between the different matings. 

This means that at any given body weight the different matings had 

no significant effect on the breast weight. The males are superior 

in all measurements indicating the importance of body weight on 

breast weight in the experiment III -1. This relationship of breast 

weight to body weight as clearly indicated above is not as obvious 

in the other hatches. Analysis of covariance in the data from the 

other hatches or all hatches combined showed a significant F -value 

for both sexes. This indicates that the lines of regression in the 
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different hatches are not parallel. 

Sternal Measurements 

Comparisons between measurements of keel height, keel 

indentation and weights of the total breast, pectoralis major and 

pectoralis secundus show that these measurements follow similar 

lines of regression. Keel length, however, has a line of regression 

parallel only with the weight of the pectoralis secundus. Total 

breast weight and weight of the pectoralis major deviate enough to 

cause a significant F- value. 

The original hypothesis that with an increase in width a 

concurrent decrease in keel height and /or keel length could occur 

was not substantiated by the data in this experiment. Eventhough 

some matings show a trend in this general direction, the F- values 

obtained in the analysis of variance of the regression lines of 

breast width on keel length, keel height and keel indentation are all 

non -significant. Even the correlation coefficients of all compari- 

sons tend to zero as can be seen below. 

Correlation Coefficients of Breast Width and Sternal Measurements 
in Experiment II and III 

Comparison Males (168) Females (145) 

Width and keel length . 025 . 137 

keel height .037 .069 

keel indentation . 030 . 130 
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Breast width in males did have an effect on the weight of 

the pectoralis secundus as shown by a significant F- value, but not 

in the females. 

From the data on the progeny of dams within sires, within 

strains, within hatches, twenty -five correlation coefficients were 

calculated. An analysis was also made of the significance of 

variations observed in the regression coefficients. The b -values 

for this analysis are summarized in Tables IX and X for males and 

females respectively. In cases when less than two progeny of one 

sex were available these were not considered in the correlation 

analysis, but their values were used in the overall analysis of 

covariance. 

Table IX. Summary of b's of Analysis of Covariance of Males of 
some Matings in Experiments II and III 

Comparison Matings 

Body weight - 

Keel indent/ Breast width/ Keel indent/ 
keel height keel height breast width 

Overall 

Breast width .00065 .00049 .00126 .00064 
Keel length . 00233 . 00120 . 00322 
Keel height . 00053 . 00065 . 00045 
Keel indentation . 00057 . 00006 -. 00017 

Breast width - 
Keel length -.12804 -.05668 .45890 -.03833 
Keel height -.06211 .03861 .13014 .03042 
Keel indentation . 07196 . 01596 . 06849 

Keel length - 
Keel height . 12465 .27422 . 10469 
Keel indentation . 28403 . 07503 -. 05307 

Keel height - 
Keel indentation .32704 -.02197 .28571 
Significant 

* 
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Table X. Summary of b's of Analysis of Covariance of Females of
some Matings in Experiments II and III

Comparison Matings

Keel indent/ Breast width/K eel indent/ Overall

keel height keel height breast width

Body weight-
Breast width .00121" .00128 .00320' .00135

Keel length .00238 .00226 .00159
Keel height .00063 .00033* .00098
Keel indentation .00054 . 00042' .00012

Breast width-

Keel length -.11534 .01345 .35699 .00498
Keel height -.12585 -.08969 .02729 .09965
Keel indentation .14658 .06906 .06769

Keel length-
Keel height . 207 38 .08824 .02935
Keel indentation .09260 . 13622 .04482

Keel height-
Keel indentation .05583 -.02431 . 12821

Significant

Experiment III - 2

Experiment III-2 consisted of mating males with long keels

to females with short keels and vice versa. The first mating gave

complete data on twenty-three males and twenty-six females where

as only three males of the second mating could be used for analysis

A summary of the results of this experiment is found in Table XI.

The results do not vary to any great extent which indicates

that in this case also the different matings had a negligible effect

on changing the conformation of the birds.
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Table XI. Summary of Results of Experiment III -2 

Mating Males 

No Weight Width Keel Keel Keel 
Length Height Indentation 

short/long 
long/short 

long/short 

3 1330.7 3.26 10.0 2.37 1.67 
23 1161.7 3.35 9.43 2.37 1.57 

Females 

26 998.0 3.4 8.74 2.19 1.46 

The measurements that were taken weekly in these two 

groups showed a linear increase. The F -value was . 005. The 

measurements taken on killed birds at four and at eight weeks of 

age were also quite similar supporting the hypothesis of linearity 

of growth in the characters measured. 

Comparisons of Broilers with Egg Production Leghorn 

The two groups of Leghorn each consisted of ten males and 

ten females and were one day and four weeks old. The data on the 

two groups were combined as they were practically identical. 

The lines of regression that were compared between all 

male and all female broilers and egg production Leghorn include 

those of keel length, keel height and keel indentation all on body 

weight and keel height on keel length. Of the measurements obtain- 

ed after dissection the regression lines of total breast weight on 

keel length and on keel height were compared. 
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None of the six comparisons showed a variance large 

enough to reach the five percent level of significance. The b's 

of the comparisons are found below. 

Comparison Male Female 

Body weight- keel length . 00169 . 00281 
keel height . 00059 . 00055 
keel indentation . 00020 . 00053 

Keel length- keel height .23374 . 13512 

Keel length - breast weight 24. 84840 18. 92983 

Keel height - breast weight 38. 59942 -5. 64940 
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DISCUSSION 

Interpretation of the Results of Experiment I. 

The analysis of covariance of breast width and body weight 

indicated that only one of the sixteen matings made was significantly 

different. The measurements of the progeny of Leghorn males, 

when mated to Leghorn females and those of Leghorn males mated 

to females of the other three groups, did not follow a common line 

of regression. The B -line males showed similar results but the 

F- values did not reach the five percent level of significance. The 

progeny of the other two groups were similar enough to be con- 

sidered as having a common line of regression. In the cases of A. 

and C males mated to B or G females the progeny showed the in- 

fluence of the superior sires. 

The correlation coefficients between body weight and breast 

width were quite variable. They were highest for the female pro- 

geny of A. males whether mated to A. females or females of the other 

groups. This indicates that superior body conformation at similar 

weights was transmitted from the sires more readily to the 

daughters than to sons, or that breast width was more closely re- 

lated to body weight in females than in males. Gilbreath and Upp 

(16) calculated correlation coefficients between body weight and 

breast width in Cornish fowl and found these to be . 36 for females 

and .06 for males. The data of this experiment show much higher 

correlations between these measurements within some sire groups. 
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The number of negative correlation coefficients throughout 

Table IV may possibly be explained by one or two factors. One, 

many groups have small numbers of progeny; in several cases a 

sire had only one or two off - spring which could not be analyzed 

within the sire groups but were used in mating groups. Two, 

specific growth factors may have been of greater importance in 

some matings than others causing a divergence of the regression 

line of breast width on body weight. The correlation coefficients 

for male progeny in sire groups of experiment I -1 tend to be zero, 

whereas those for the female progeny of the A and C males are 

quite high. In the female progeny of A males the coefficient is 

positive but negative for that of C males. This observation cannot 

be explained. 

In experiment I -2 the correlation coefficient between body 

weight and breast width of male and female off - spring of the differ- 

ent sire groups were all strongly positive with only one exception. 

The male progeny of B males showed a high negative correlation 

coefficient between body weight and breast width. This may be the 

result of a different conformation in the B -line birds compared to 

the other groups used. The B -line parents showed greater breast 

width than some of the other groups at similar body weight. This 

is contrary to the common belief that higher body weight brings 

about an increase in breast width, and it agrees with Frischknecht 

and Jull (15) who suggested that skeletal size and breast width are 

determined by different genes. Within a certain group of birds the 
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relationship may well be linear but not so for all groups used in 

this experiment. This possibility may provide the explanation for 

the negative correlation observed within the male progeny of the B- 

line males. It probably also contributed to the significant F -value 

for the regression of body weight on breast width of all males. The 

extremely low regression coefficient of body weight on breast width 

corroborates the above conclusion to some extent. 

Interpretation of Experiments II and III 

These experiments were undertaken to obtain information 

on whether it would be possible during short term selection to in- 

fluence the shape of the sternum and, if so, what influence this 

would have on the amount and distribution of the breast meat. It 

has been stated by Haverman (22) that skeletal measurements have 

less variance than other body measurements and have therefore 

been proposed to be superior for selection. It should be possible 

by selection to produce birds with altered sternal shape. How this 

could be accomplished physiologically is not very evident. Could 

there be an increase in bone mass, or a decrease, or is the osseous 

material of similar mass only rearranged with selection acting in 

different directions of rearrangement? 

The different measurements of the sternum have some 

relation to each other. With increase in length there should be a 

compensatory decrease in height, an increase in indentation or both. 

The correlation coefficients between keel height and keel length in 
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the progeny of some males in some hatches are correspondingly 

negative. But others are positive which would refute the hypothesis. 

These positive correlations could on the other hand be an indication 

of rearrangement of the bony material into a thinner sternum of 

greater size. The crista of some birds seemed to be much thinner 

and more transparent. This observation could not be verified be- 

cause identification of the sterna was not possible after the first 

measurements had been taken. However this transparency may 

have been due, in addition to genetic differences, to a different 

rate of ossification, variation in the vascularization, or different 

amounts of hempoietic tissue present. This particular point will 

need more investigation. 

Comparison of all males and all females showed no sub- 

stantial change in either keel length, keel height and keel indent- 

ation following selection. The values of the regression of keel 

height on keel length were not different within and between the 

matings wide breast with low keel, wide breast with great keel 

indentation and great keel indentation with keel height. Concurrent- 

ly a significantly different line of regression for keel length on body 

weight for the male progeny of experiment II -1 could be observed. 

This means that with a certain increase in body weight keel length 

did not increase proportionately whereas keel height and keel in- 

dentation did. This is at odds with results reported by Gilbreath and 

Upp (16) who found in Cornish fowl a high correlation of . 76 for body 

weight and keel length. The disregard of body weight in selection 
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may have caused this much lower correlation in this particular 

experiment. The data of the long and the short keel matings were 

very much different from the comparison of all matings made. Al- 

though body weight was not considered when these birds were 

selected, one can readily see in Table VII that the long keeled 

parents were the heaviest of all selected parents and the short keel- 

ed ones the lightest or smallest in all measurements. This shows 

quite clearly that the two measurements, body weight and keel 

length, are correlated. This was also observed on the progeny of 

these matings but was not as pronounced which is due to the revers- 

al of the measurements to the average of the parental measurements 

in the next generation. The correlation coefficients between body 

weight and keel length in these two matings for males and females 

respectively were -.66 and . 80 for long keel matings and . 69 and 

. 80 for short keel matings. The first negative value was for four 

males that had almost perfect opposite lines of regression for 

breast width on body weight. If this small group is disregarded the 

other coefficients are close to those reported by Gilbreath and Upp. 

The line of regression for keel indentation on keel height 

followed that of keel height on body weight but not that of keel height 

on keel length as the F- values show. In experiment III -1 a similar 

behavior of the measurements was indicated but it did reach signifi- 

cance only in the regression of keel height on keel length. This 

probably followed from the physiological conservation of similar 

bone mass with changed measurements. 



54 

Comparing individual matings it was found that only within 

the mating wide breast with low keel did the lines of regression for 

keel indentation on body weight not coincide in both sexes, and for 

keel height on body weight in females. 

An increase in keel length was accompanied at least by a 

slower increase in keel height and, as the negative correlation in 

the long keel mating indicated, even a reduction in height. That 

this relationship was not observed in females as in males, points 

to a sex -difference in the relationship of the sternal measurements. 

What factors were instrumental in this relationship was not evi- 

dent. The regression of keel height on keel length was the same 

in all matings but it was near the five percent level of significance 

between hatches. 

A decrease in keel height with a concurrent increase in 

breast width was not revealed by the analysis of the data in either 

sex as the lines of regression did not deviate from each other 

significantly. The same was true for keel length and for keel 

indentation. The correlation coefficient between breast width and 

keel length, between breast width and keel height and between 

breast width and keel indentation tended to be zero for all males 

and females in experiments II and III. This means that the original 

hypothesis to the effect that increased breast width could be asso- 

ciated with a decrease in keel length and /or keel height was not 

substantiated by the data. For this reason the weights of the total 

breast, the pectoralis major and the pectoralis secundus remained 
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comparatively constant in relation to body weight. The analysis 

of the relationship of the breast weight and its component muscles 

showed them to be not different in the five different matings in 

experiment III -1 when adjusted for variations in body weight. The 

F -value of the regression of breast weight and its component mus- 

cles on body weight in another hatch indicated that the different 

hatches may affect this relationship. There was no difference of 

this relationship between the sexes. 

Merritt et al. (47) observed a shortening of the keel with an 

increase in breast width. This was not observed in this experiment 

and there did not seem to be a decrease in breast width with an 

increase in keel length either, 

A common line of regression applies to total breast weight, 

its components, pectoralis major and pectoralis secundus, and 

keel height. A common line of regression also applies when keel 

indentation is substituted for keel height. However the lines of re- 

gression of breast weight and of the pectoralis major on keel length 

were significantly different in males and females. Comparing the 

lines of regression of the pectoralis major and pectoralis secundus 

it was found that the pectoralis major and breast weight increase in 

weight relatively more with an increase in keel length than does the 

pectoralis secundus. How does the increase in breast width affect 

the weights of the different muscles of the breast? The pectoralis 

secundus increased linearly with total breast weight and weight of 

the pectoralis major. 
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This may perhaps be visualized better by considering the 

anatomical location of the muscles. The outer large muscle of the 

breast is the pectoralis major and the pectoralis secundus lies with- 

in the triangle formed by the crista sterni and the lateral process of 

the sternum on each side of the crista. Since the pectoralis secun- 

dus is quite slender it is easy to visualize that it does not take a 

great increase in mass to follow the lengthening of the keel. This 

is shown by the positive correlation coefficients of the pectoralis 

secundus with keel length. But the larger pectoralis major in- 

creases more to reestablish its relative proportions to the length 

of the keel and since it is the major component of the total breast 

weight, this measurement also increases relatively more than does 

the pectoralis secundus. It would be interesting to see whether the 

proportions are reestablished later in the life of the domestic fowl. 

On the other hand the increase in width which may come about by a 

decrease in keel height, shortening of the keel or an increase in the 

muscles of the breast would tend to eliminate the need for extra 

growth of the pectoralis secundus. However at similar sternal 

measurements the situation will probably lie somewhat different 

but from this experiment it was not possible to ascertain whether 

or not the increase in width did cause a decrease in height and 

length of the keel as the variations were not significant. 

Pilla (54) suggested that excessive growth of one part of the 

body will result in interference with or slowing the growth of other 

parts. This contention was tested in experiment III -2 during which 
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weekly measurements were taken. The six measurements are al- 

most perfectly linear. This excludes the possibility that preferred 

growth of any body part measured occurred and points to general 

growth factors as the major determinants of growth. This was 

supported by the relationship of the measurements of birds killed 

at four and eight weeks which were also quite linear. 

Comparison of Broilers with Egg Production Leghorn 

The F- values of the analysis of covariance of sternal 

measurements on body weight and total breast weight on keel 

length and on keel height were not significant which means that the 

lines of regression for these measurements were parallel in the 

broilers and the egg production Leghorn. Since these groups of 

birds are phylogenetically closely related and have been bred for 

different purposes only within the recent past the common relation- 

ship of sternal measurements to body weight have not changed. 

Summary and Conclusion 

During two years, 635 chickens, 319 females and 316 males, 

were measured to determine the relationship between certain body 

and skeletal measurements and their response to selection. The 

data were analyzed by analysis of covariance separately for male 

and female progeny of dams within sires, within and between coat- 

ings and within and between hatches. The hatches were combined 

whenever analysis revealed no significant differences between them. 
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Some of the correlation coefficients of body measurements 

agree with those reported in the literature. However certain other 

calculations such as the correlation coefficients between sternal 

measurements and between sternal measurements and weight of the 

breast muscles could not be compared. 

Of particular interest is the response of the different muscles 

of the breast to selection on the basis of sternal measurements. 

Whereas an increase in keel length produced a relatively greater 

increase in the pectoralis major than in the pectoralis secundus, an 

increase in breast width increased both relatively equally. 

Growth as measured in weekly intervals was linear in the 

broiler groups for the six measurements taken. 

No difference was found between the lines of regression of 

some measurements of the broiler groups that were compared to 

those taken on egg production Leghorn. 

In conclusion, the results in the different matings did not 

support the hypothesis originally proposed. An increase in breast 

width did not accompany a decrease in keel height, keel length or 

keel indentation at any given body weight in either sex. 
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