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During the past thirty years almost all the investigators who have been 
interested in size or size inheritance in animals have given some considera- 
tion to the nature of the genetic agencies or factors which control size. 
Even a t  the present time the question has not been absolutely settled as 
to whether genes which affect size are general or specific in their nature 
for the mammalia as a class. Investigators agree that general factors do 
exist which affect the growth of all parts of the body in the same direction 
and to proportional degrees. The mooted question is whether or not 
specific growth factors which affect local areas and units or specific tis- 
sues within the individual actually exist. Professor CASTLE (1914 and 
1922) from numerous correlation studies gave evidence that factors which 
control growth in the rabbit are general in their action and affect all parts 
of the body in the same general direction and to a proportional degree. 
Moreover, CASTLE found that the lengths of the different bones within an 
individual are highly correlated, and that all the bone lengths he studied 
were correlated to a high degree with body weight. In addition to this, 
CASTLE found for the rabbit that the length of the ears is highly cor- 
related with body weight. These studies seem to show for the rabbit that 
muscular development is definitely correlated with skeletal development 
in some manner, and that both are controlled apparently by the same sys- 
tem of general growth factors. 

In  the studies made by CASTLE, muscle was not considered as a distinct 
tissue but was included in the total body weight. In  1918 WRIGHT analyzed 
the data presented by CASTLE in 1914 and came to the conclusion that for 
the most part, the factors which control bone length are general. How- 
ever, he concluded that in the development of certain bones and groups of 
bones there was a slight amount of variation which was controlled by 
specific growth factors and was consequently independent of general 
growth factors. In CASTLE’S later analyses (1922) this specific action of 
growth factors was not apparent from his method of analysis. By means of 
path coefficients and partial correlations WRIGHT (1932) reanalyzed the 
data on the rabbit given by CASTLE (1914 and 1922), and, in addition, that 
given by DUNN (1928) on the white Leghorn fowl. WRIGHT concludes that, 
“ In  all of these (except the FI rabbits) the influence of general size factors 
preponderates, but the residuals indicate the existence of group factors for 
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222 PAUL WALLACE GREGORY 

the head apart from general size, of group factors for the fore-limbs and 
hind-limbs collectively, for the hind-limbs separately and for the wings in 
fowls, the only case in which two fore-limb measurements were available. 
Special factors acting on each part separately from the others are also 
indicated. The genetic differences in the rabbit case were largely in gen- 
eral size, but to a small extent in group and special factors.” 

The researches of SUMNER (1923) and GREEN (1931) seem to indicate 
that in the mouse both general and specific factors may affect size. It 
should be emphasized that in neither the mouse nor the rabbit has there 
been any selection for differences in types of conformation such as is 
found in the “dairy” and “beef” types of cattle. It seems reasonable to 
expect where specific growth factors, which affect muscle diameter (vol- 
ume), are present they would demonstrate themselves less clearly in species 
which lack marked contrasting differences in body conformation than in 
species which have distinct and marked contrasting types of conforma- 
tion, such as are found in the highly specialized “beef” and “dairy” breeds 
of cattle, especially since these have been reasonably well purified geneti- 
cally by selection. For this reason it seems that if breeding tests are not 
desired, this fundamental question concerning the general or specific 
nature of growth factors can be studied with profit and advantage in 
cattle or other domestic animals which present contrasting types of con- 
formation. 

In  mice, guinea-pigs, rats, rabbits and domestic fowls, it  has been 
clearly demonstrated that size is a quantitative character. Since environ- 
mental agencies complicate the problem, all studies in size inheritance 
in mammals have been somewhat disappointing, especially since no 
clear-cut size genes have been demonstrated with complete satisfaction. 
This paper is concerned chiefly with quantitative inheritance. For this 
reason mutant genes such as dwarfness, which are discontinuous in their 
effect, will not be considered, as in such cases segregation is clear cut and 
does not follow laws of quantitative inheritance. Moreover, it should be 
emphasized that this study makes no attempt to determine whether the 
factors which control skeletal development are general, group or specific, 
or a combination of the three. However, from WRIGHT’S analysis one 
should expect the operation of all three with the influence of general 
factors preponderating. 

In  a study of growing dairy heifers, ECKLES and SWETT (1919) found 
that almost any unknown important skeletal measurement can be cal- 
culated with a high degree of accuracy from one known skeletal meas- 
urement. They also found that height a t  withers alone was a satisfactory 
criterion of skeletal development so far as their purpose was concerned. 
From their investigations it appears that the factors controlling linear 
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SIZE FACTORS IN CATTLE 223 

skeletal development in cattle are chiefly general in their action. It should 
be understood, however, that their studies are not sufficiently extensive to 
demonstrate the action of group or specific factors which affect skeletal 
development even if any are involved. 

The paper of SWETT, GRAVES and MILLER (1929) which gives an in- 
tensive comparative study of the differences in conformation between a 
highly specialized beef cow and a highly specialized dairy cow, should be 
mentioned. These investigators came to the conclusion that the skeletal 
development of the two cows was generally similar, and that the great 
difference in conformation between the two was caused by the develop- 
ment of extreme “fleshing” on the part of the Angus and the lack of 
extreme “fleshing” on the part of the Jersey. Unfortunately, the term 
“fleshing” is not specific. As we understand it the term includes both 
muscle and fat. 

If the problem of size inheritance and conformation is to be solved 
satisfactorily, it  seems that the animal so far as possible should be di- 
vided into its component parts of skeleton, muscle, and fat and the in- 
heritance of each part attacked separately. Obviously, many difficulties 
present themselves in this method. Yet it is a more refined procedure than 
considering the whole animal as a unit, especially if the investigator can 
measure muscle and skeletal units with a reliable degree of accuracy. 

From the analysis of the development of muscle diameter evidence will 
be presented in this paper which indicates that some of the genetic agen- 
cies which control muscle development are general in their influence. This 
study is not designed to measure and evaluate the effect of group and 
specific factors even if some are involved. 

Evidence will also be presented which indicates that the genetic agen- 
cies affecting linear skeletal development in cattle are different in nature 
and exhibit a certain degree of independence from those affecting the 
development of muscle diameter. This indicates that the genetic constitu- 
tion which affects size and general conformation of an animal may be sub- 
divided, partially a t  least, into two groups so far as specificity iscon- 
cerned. One group of genetic agencies is specific for linear skeletal develop- 
ment while the other is specific for the development of muscle diameter. 
It should be understood that muscles fit the bones so far as linear de- 
velopment is concerned. However, muscles may have a large or small 
diameter which would, as a consequence, affect the volume (weight). The 
evidence supporting the preceding statement forms the major part of 
this study. This does not preclude the possibility that some factors affecting 
development may influence both muscle diameter and the linear skeleton. 
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MATERIAL 

The Experiment Station herd of the University of California furnished 
material for this study. The beef breeds used were Hereford, Shorthorn 
and Angus. In some cases the F1 hybrids between these breeds were also 
included. The dairy breeds were represented by Jerseys, Guernseys, Hol- 
steins and Ayrshires. The Hereford and Angus breeds are similar mor- 
phologically, since they are of about the same height and weight, and 
have about the same muscle measurements. The Shorthorns are slightly 
taller and heavier than either of the other two beef breeds studied. Of the 
dairy breeds, the Jerseys and Guernseys are almost identical in build and, 
as a consequence, their heights, weights, and muscle measurements fall 
into the same ranges. The Holsteins are distinctly taller than the other 
dairy breeds. This difference in height is discontinuous with the other 
breeds. The Ayrshires vary greatly in height a t  withers (skeletal develop- 
ment), muscle development and, consequently, in weight. There is prob- 
ably more genetic variability in the Ayrshire breed than in any of the other 
breeds used in this study. 

Approximately three hundred animals furnished data for this study. Of 
these the greater part were females, but in some of the younger age groups 
a few steers and bulls were used in the analysis of conformation. In all cases 
where males were used in the analysis with females, morphological differ- 
ences in conformation between the sexes caused by the male sex hormone 
had not become apparent from casual observation. 

ENVIRONMENT AND FEEDING 

The growing dairy calves used in this study were not maintained under 
the same nutritional conditions as the beef calves. Mead (1929) described 
the method used in feeding the growing dairy calves. In brief it is as fol- 
lows: During the first two weeks of their life, the calves were fed whole 
milk. This was gradually replaced by skimmed milk, the amount not to 
exceed eighteen pounds daily per calf. After they were from ten days to 
two weeks old the calves were given a concentrate mixture in addition to 
the skimmed milk and all the alfalfa hay they would consume. The beef 
calves, on the other hand, remained with their dams until they were about 
seven months old. After a few weeks of age, they were given alfalfa hay and 
concentrates. During part of the year the beef calves were allowed to run 
on pasture. The greatest difference in the two methods was that the beef 
calves were allowed to remain with their dams, and even provided with a 
nurse cow in cases where the dam was a poor producer, while the dairy 
calves were taken from their dams soon after birth and given skimmed 
milk. After the dairy and beef calves were weaned their treatments were 
more nearly identical. When good pasture was available no other food was 
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SIZE FACTORS IN CATTLE 225 

given to either group. When they did not have access to good pasture they 
were supplied with hay and concentrates in amounts sufficient to maintain 
them in good condition. 

The dairy cows which tended to lose weight on account of heavy or 
excessive lactation were fed in such a manner as would enable them to 
maintain a relatively constant body weight. Lactation in the beef breeds 
did not change the weight of the dam to any great extent. In  collecting 
the data no correction was made for variation in weight caused by preg- 
nancy. However, the relatively slight errors from this source do not affect 
the general trend of the data. No corrections were made for variation in 
weight caused by condition or amount of fat, although this might affect 
weight to a slight degree. All the cattle used in the study were breeding 
cows or growing animals of both sexes kept in a relatively uniform con- 
dition. Those fitted for either the show ring or the block were not in- 
cluded. 

METHODS 

In this investigation a criterion of linear skeletal development and a 
criterion of muscle development were established. These were then cor- 
related with each other and with the total body weight. Since the age of 
the animal is an important factor to be considered, all comparisonsof 
height and muscle development between breeds must be made with in- 
dividuals of the same age or within limited age groups. For this reason in 
most all of the comparative analyses between breeds mature cows were 
used. Since both skeletal and muscle development are taking place simul- 
taneously in young rapidly growing animals, i t  is extremely difficult to 
distinguish entirely the effect of skeletal increase from muscle increase on 
total body weight. However, this may be accomplished if the age limit is 
exceedingly narrow and the numbers compared are relatively large, in 
order to eliminate unavoidable environmental variations. Since the num- 
ber of immature animals was limited, an extensive comparative study of 
height and muscle between the different breeds for the younger age groups 
was not undertaken. 

In  this study the general conformation of each animal is expressed in 
statistical units. This was accomplished by using the muscle measurement 
as a numerator and height at withers as the denominator. The mathe- 
matical index thus obtained represents in a general way the ratio of muscle 
diameter to linear skeleton. Different breeds were then analyzed as to con- 
formation by means of this muscle-skeleton ratio, which, from now on, will 
be referred to as the “muscle-skeletal” index or ratio. Since the muscle- 
skeletal index becomes practically constant relatively early in the life of 
the animals, and is independent. of the influence of age on weight, i t  is a 
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reliable method for expressing differences in conformation between in- 
dividuals and between breeds. In  fact, by using this method of analysis 
all individuals measured, regardless of age, could be used in comparative 
studies of breed differences. 

a. Height at withers 
As has been stated before, the criterion for skeletal development is 

height at withers. For the sake of brevity, height a t  withers will be ex- 
pressed by the term “height.” It should be remembered that ECKLES and 
SWETT found height a satisfactory method of expressing skeletal develop- 
ment and that in the living animal almost any unknown linear skeletal 
measurement could be calculated with a high degree of accuracy from this 
one skeletal length. This measurement is a standard method for expressing 
skeletal development and, if care is taken, can be made with only a slight 
error. 

b. The round measurement 

On account of the inability to locate definite fixed points it is difficult 
to obtain accurate non-skeletal body measurements. If no fixed points are 
used the measurements may vary greatly from time to time and investiga- 
tors may not be able to duplicate their own or the measurements of others. 
In  order to obtain data as accurate as possible, the muscles in the region 
of the round were selected for measurement, and two fixed skeletal points 
were chosen from which to make the measurement. A tape, graduated in 
centimeters, was placed on the anterior external point of one patella, the 
first fixed point, and then drawn posteriorly and horizontally about the 
muscles of the round to a corresponding point on the opposite patella, the 
second fixed point. The length thus obtained from patella to patella was 
used as a criterion for the development of muscle diameter. Figure 1 illus- 
trates the method of taking the muscle measurement. 

Since the measurement described above has never been used before, 
some consideration should be given to its appropriateness as a criterion 
for a muscle measurement. TROWBRIDGE, MOULTON and HAIGH (1918) 
showed that of all the cuts from the carcass of a beef, the round has the 
highest percentage of lean (muscle) and that this percentage of muscle to 
bone and fat remains relatively constant (approximately 80 percent) under 
the nutritional conditions of maintenance, sub-maintenance and super- 
maintenance. The fact that the percentage of muscle to bone and fat in the 
round remains relatively constant even when animals are on different 
planes of nutrition, together with the fact that the round measurement 
can be obtained from two definitely fixed points, makes the measurement 
particularly well adapted as a means of determining the relative amount 
of muscle in the living animal. 
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SIZE FACTORS IN CATTLE 227 

At this point we should give some consideration to the accuracy of the 
round measurement. In obtaining the measurement, the animal was placed 
on a level surface, usually a scale, and caused to assume a “normal” 
standing position, the hind legs being neither too far apart nor too close 
together, and the hind feet being parallel to a transverse plane through the 
body. Cow H 154 was measured one hundred times in succession. After 

FIGURE 1.-The method used in taking the round measurement. 

every third measurement she was forced to change her position, and no 
attempt was made to have her assume a“norma1” position, except that her 
feet were placed approximately parallel to a transverse plane through the 
body. They might assume a position close together or far apart, just as 
she chanced to place herself. The measurements of her round ranged from 
93 to 101 centimeters with a mean of 96.4 f .139 centimeters. The standard 
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deviation was 2.07 centimeters. Table 1 gives a summary of the measure- 
ments taken while she was standing in chance positions. The round of this 

TABLE 1 
Cow H 154, one hundred successive measurements of the rotind at dtfferent positions. 

I f . 0  d d2 fd9 ___ ~- 
93 4 372 -3.4 11.56 46.24 
94 16 1504 -2.4 5.76 92.16 
95 19 1805 -1.4 1.96 37.24 
96 20 1920 -0.4 .16 3.20 
97 13 1261 0.6 .36 4.65 
98 8 784 1.6 2.56 20.48 
99 8 792 2.6 6.76 54.03 
100 10 lo00 3.6 12.96 129.6 
101 2 202 4.6 21.16 42.32 

100 9640 430.00 
M 96.40f .139S.D.2.073 

same cow H 154 was next measured fifty-seven times in succession after 
she was made to assume the normal position described above. She was 
compelled to shift position after every third measurement, but was always 
forced to assume a “normal” position. The results of this series of measure- 
ments are given in table 2.  The range is from 94 to 99 centimeters with a 
mean of 96.1 f .097, and a standard deviation of 1.086. The general prac 
tice was to take the average of three successive measurements of the 
round of the animal as the correct one, the animal being made to shift her 
position between two of the measurements a t  least. Since in the collection 
of these data extreme precautions were taken in order to obtain accurate 
measurements, the actual errors are probably slightly smaller than the one 
given in table 2. 

TABLE 2 
Cou H 154,Jifty-seven successive measurements of the round at “normal” positions. 

f f . v  d dz fdz 

94 3 282 -2.1 4.41 13.23 
95 14 1330 -1.1 1.2t 16.94 
96 21 2016 -0.1 .01 .21 
97 13 1261 0.9 .81 10.53 
98 5 490 1.9 3.61 18.05 
99 1 99 2.9 8.41 8.41 

57 5478 
Mean 96.1 f .G97 S.D.1.086 

67.37 
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HEIGHT I N  MATURE ANIMALS 

Since this is a comparative study in the various breeds of the differ- 
ences caused by genetic factors for growth, an analysis of height and its 
relation to total body weight was made only for mature animals over four 
years of age. It should be remembered that ECKLES and SWETT (1918) and 
ECKLES (1920) showed that by the time Jerseys are four years of age they 
have reached their maximum skeletal development, and after this age 
they increase slightly in weight only. According to ECKLES, Ayrshires in 
their skeletal development follow the Jerseys closely, but are heavier in 
weight. On the other hand, Holsteins and dairy Shorthorns do not com- 
plete their skeletal development until they are almost five years of age, 
and probably do not reach their maximum body weight until about two 
years after skeletal development ceases. Although a few of the animals in- 
cluded in this mature class of four years or over have not reached their 
maximum weight and still fewer have possibly not reached their maximum 
skeletal development, the slight error from this source does not materially 
affect the data for mature cows nor the conclusions drawn from them. 

The heights of all animals four years or more of age are summarized 
in table 3. On account of their morphological similarity, the Angus cows 
are summarized with the Herefords, and the Guernseys with the Jerseys. 

TABLE 3 
Height in cent&neters of mature cows of 011 breeds.' 

119 122 125 128 131 134 137 140 
BREEDS 118-120 121-123 124-126 127-129 130-132 133-135 136-138 139-141 TOTAL MEAN S.D. 

Hereford 3 3 4 
Angus 1 1 1  

Jersey 
Guernsey 

3 16 16 1 
1 1 1  

} 13 122.96k.488 2.61 

} 39 126.91+.211 1.96 

Ayrshire 3 2 2  7 127.92k.622 2.44 
Shorthorn 5 3 3 2  13 128.96rt.615 3.29 
Holstein 2 5 2 9 137.83k.366 1.63 

The original data from which all tables, correlation coefficients, and graphs were made were 
too massive to include in this paper. The original data are on file a t  the Brooklyn Botanic Garden 
and are available on request to any one who wishes to see them. 

If height a t  withers is taken as the criterion for linear skeletal develop- 
ment the Hereford-Angus is less developed than the Jersey-Guernsey 
group, their height ranging from 118 to 126 centimeters with a mean of 
122.96 L- .488 standard deviation 2.61. The Jersey-Guernsey group is dis- 
tinctly higher with a range in height from 121 to 130 centimeters, a mean 
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of 126.91 f .211, and a'standard deviation of 1.96. The limited number of 
Ayrshires show a mean height of 127.92. The Shorthorns have a range of 
125 to 134 centimeters with a mean of 128.96 2.615, and standard devia- 
tion of 3.29. By this they show considerable variability. The limited num- 
ber of Holsteins are discontinuously taller than any of the other breeds, 
since they have a range of 135 to 140 centimeters and a mean of 137.83. 
Although the total number of mature animals is eighty-one, the numbers 
are comparatively small when the animals are subdivided and grouped 
according to breeds. Yet it seems safe to assume that the height found to 
be the mean for each breed, represents approximately the genetic capacity 
of the heights of the breeds of the University of California. 

With height a t  withers as a criterion of linear skeletal development, it 
is evident that there are several different genetic constitutions for height 
(linear skeletal development) in the different breeds studied. When the 
Hereford-Angus group is compared with the Jersey-Guernsey group the 
difference between the mean heights is 3.95 k S31. This difference is over 
seven times the probable error of the difference. When the mean height 
of the Jersey-Guernsey group is compared with the Shorthorns the differ- 
ence between the mean is 2.05 f .65. This difference is only three times the 
probable error and is of doubtful significance. However, if larger numbers 
were observed the difference in height might be found to be significant. 
The height of the Holsteins is discontinuously greater than that of the 
Shorthorns. The difference between the means is 8.87 f .715. This is more 
than twelve times the probable error. From this analysis of height it is 
evident that there are a t  least three different genetic capacities for height, 
with some indication of a fourth. The Hereford-Angus group, which has the 
least linear skeletal development, composes one group. The Jersey-Guern- 
sey group, which is second in linear skeletal development, comprises the 
second group, while the Holsteins compose the third group. If there is a 
fourth genetic constitution for height, it  is obviously made up of Short- 
horns. The differences in height of all breeds, except Holsteins, are of a 
continuous nature, while that of the Holsteins is clearly discontinuous. 

ROUND MEASUREMENT I N  MATURE ANIMALS 

The mature animals of all breeds which were analyzed for height (table 
3) were analyzed for round measurements (table 4). For the Jersey- 
Guernsey group, the round measurement ranged from 83 to 100 centi- 
meters with a mean of 90.75 k .351, standard deviation 3.25. The Jersey 
cow which falls in the 100 centimeter class should probably be eliminated 
since she is a nymphomaniac. (Four other nymphomaniacs were included 
in the Jersey group. All four were a t  the upper limit of the range in round 
measurement as well as body weight.) The round measurements of the 
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TABLE 4 
Round measurement in centimeters of mature cows of all breeds. 

23 1 

84 87 90 93 96 99 102 105 108 111 114 
BREED 83-85 86-88 89-91 92-94 95-9798-100 101- 104- 107- 11s 113- 

103 106 109 112 115 TOTAL MEAN 8.D. 

Jersey 5 11 8 7 4 1 
Guernsey 1 1 1 

39 90.75k.351 3.25 1 
Ayrshire 1 1 1 2  1 1  7 100.92k1.41 5.55 
Holstein 1 3  5 9 103.94k.472 2.10 
Shorthorn 1 3  4 3 2  13 106.11k.657 3.52 
Hereford 
Angus 

'} 13 106.75+.755 4.04 2 
1 2  

Shorthorns range from 99 to 112 centimeters with a mean of 106.11 5.657, 
standard deviation 3.52. The Hereford-Angus group ranges from 100 to 
115 centimeters with a mean of 106.75 f .755, standard deviation 4.04. 
The number of Holsteins is slightly more limited than some of the other 
groups, the range being from 99 to 106 centimeters, with a mean of 103.94. 

When compared with the Jersey-Guernsey group on the one hand, and 
the beef breeds on the other, the Ayrshires present some very interesting 
data. It should be recalled that this group is near the same height as the 
other breeds (Holsteins excepted) but is intermediate in round measure- 
ment, the range being from 90 to 107 centimeters. The Ayrshire is a dairy 
breed, but some strains have been selected along dual purpose lines. Some 
consideration should be given to the number of different genetic capacities 
for round measurement. When the mean round measurement of the Jersey- 
Guernsey group is compared with that of the Holsteins the difference is 
13.19 5- .588. This difference is 22 times the probable error. The comparison 
of round measurement of the Jersey-Guernsey group is not made with 
either of the beef groups since i t  is clearly evident that the difference is 
significant without this analysis. When the mean round measurement of 
the Holsteins is compared with that of the Hereford-Angus group the 
difference is 2.81 5- .915. This difference is only three times the probable 
error and is of doubtful significance. 

The next question for consideration is how many different genetic 
complexes are there for round measurement or the development of muscle 
diameter? There are unmistakably two, and possibly more-one for the 
Jersey-Guernsey group and one for the beef breeds (Hereford, Angus and 
Shorthorns). In  round measurement the Holsteins are somewhat inter- 
mediate between the Jersey-Guernsey group on the one hand and the beef 
breeds on the other, but on account of their great discontinuity for height 
it is difficult to interpret and evaluate the significance of their round 
measurement. The Ayrshire breed indicates that some segregation is oc- 
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curring so far as muscle diameter is concerned. This is indicated by the 
variability of the round measurement. In muscle development they are 
intermediate between beef and dairy breeds and tend to range over the 
whole series. This appears to agree with the observations of KUHLMAN 
(1915) in crosses between Jersey and Angus cattle. F1 hybrids of this cross 
were somewhat intermediate, but were nearer the Angus or beef type of 
conformation, while the Fz and subsequent generations showed greater 
variability in types of conformation. It is unfortunate that a larger num- 
ber of the Ayrshires was not available for analysis. 

WEIGHT IN MATURE ANIMALS 

On account of numerous environmental factors which one cannot con- 
trol, it is exceedingly difficult to standardize weight in mature cows. 
Most of this variability is caused by change in condition such as varying 
amounts of fat, pregnancy and, in dairy cows, lactation. 

In their investigations a t  the Missouri station, TROWBRIDGE, MOUL- 
TON and HAIGH (1918, 1921, 1922, 1923) showed that in Hereford-Short- 
horn cattle, the greatest increase in fatty tissue takes place in the plate, 
loin and flank. An increase also takes place in the rib and rump, but to a 
slightly less degree. Now, since only a slight amount of fat is deposited in 
the region of the round, appreciable changes in body weight caused by 
variation in amount of body fat, can take place without causing a cor- 
responding change in the round. This fact is demonstrated by Hereford 
cow number 199. On September 16, 1930, her round measurement was 
105 centimeters and her weight was 1290 pounds. On February 24, 1931, 
after an illness, caused by a uterine infection, she had lost 315 pounds, but 
retained a round measurement of 104 centimeters-a loss of only 1 centi- 
meter. In  other words, she suffered a considerable change in body weight 
which was unquestionably due to loss of fat, but her round measurement 
remained within the limit of the error of measurement. This instance gives 
additional evidence that the round measurement is primarily a measure- 
ment of muscle diameter. 

In  table 5 are summarized the weights of all the mature COWS shown for 
height in table 3 and round measurement in table 4. The Jersey-Guernsey 
group ranges from the class value of 924 to 1324 pounds with a mean of 
1076 & 11, standard deviation 103. The Hereford-Angus group ranges from 
1074 to 1574 pounds with a mean of 1334 & 27, and a standard deviation 
of 146. The Shorthorns range from 1174 to 1724 pounds. They have a 
mean of 1432 & 26, and a standard deviation of 139. The Holsteins range 
from 1224 to 1524 pounds with a mean of 1375. In this analysis of weight, 
the Ayrshires tend to be intermediate between the Jersey-Guernsey group 
and the beef group. 
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TABLE 5 
Weight in pounds of mature cows of all breeds. 

BREED 924- 1024- 1124- 1224- 1324- 1424- 1524- 1724- TOTAL 
974 1074 1174 1274 1374 1474 1574 1824 MEAN 8.D. 

Jersey 10 11 11 3 1 
Guernsey 1 1 1 

1 39 1076.3f11.1 103.16 

Ayrshire 1 1 3 1 1  7 1239.21-35.8 140.69 

Hereford 
Angus 

1 1 2  
1 } 13 1334. 5 2 7 . 3  146.15 2 

Holstein 2 4 2 1  9 1375. 1-19.4 86 .6  
Shorthorn 1 1 3 4 3 1 13 1432.6f26.1 139.8 

RELATION OF HEIGHT, MUSCLE DEVELOPMENT AND WEIGHT 
IN MATURE ANIMALS OF DIFFERENT BREEDS 

CASTLE (1914 and 1922) found in the rabbit that for a given linear 
skeletal length there is a proportional amount of development of other 
tissues. Evidently, linear skeletal measurements and muscle diameter are 
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FIGURE 2.-Round measurement plotted against weight for mature cows of all breeds. 

highly correlated with each other and both are correlated to about the 
same degree with total body weight. Now, if the same condition prevails 
in cattle these correlation coefficients should also prevail. The correlation 
coefficients have been determined for the mature cows shown in tables 3, 
4 and 5 and the results, which are exceedingly interesting, are shown in 
table 6. Since the Holsteins are discontinuous with all the other breeds so 
far as linear skeletal development is concerned, correlation coefficients were 
determined both with and without the Holsteins. 

When all breeds are considered together, the correlation coefficient of 
round measurement, the criterion of muscle development, with weight is 
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+.875 5 .017. When the Holsteins are omitted only the breeds which are 
generally similar in linear skeletal development remain. The correlation 
coefficient of round measurement with weight is +.896+.015. This is 
slightly higher than when the Holsteins are included. It is clearly evident 
from this that muscle development is highly correlated with body weight. 

When all breeds are considered together, the correlation coefficient 
of height, the criterion of linear skeletal development, with weight is 
+.383 5.064. If the Holsteins are omitted the correlation coefficient is 
+.040 5 .079. The evidence indicates that in mature cows linear skeletal 
development with associated muscle lengths is not the most important 
factor affecting weight. Furthermore, it indicates that some of the genetic 

TABLE 6 
Correlation coe&ients of mature cows. 

TOTAL CORRELATION COEPRCIEBT 

R. M. with weight (all breeds) 80 +.875 f .017 

R. M. with weight (Mature cows all of the 
R. M. with weight (Holsteins omitted) 71 + .896 f .015 

same height class of 125-127 centimeters) 30 + .889 f .021 
Height with weight (all breeds) 80 + .383 f .062 

R. M. with height (Holsteins omitted) 71 - .016 * .08 

Height with weight (Holsteins omitted) 71 + .w f .079 
R. M. with height (all breeds) 80 f.190 k .072 

agencies which control muscle diameter differ from and are possibly in- 
dependent of (not linked with) those which control linear skeletal develop- 
ment. A more critical test of this is made when round measurement (the 
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FIGURE 3.-Height plotted against weight for mature cows of all breeds. 

criterion of muscle development) is correlated with height a t  withers, the 
index of linear skeletal development. When the round measurements of 
mature cows of all breeds are correlated with their heights the correlation 
coefficient is +.190 5.072. When the Holsteins are omitted this correlation 
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coefficient drops to - .016 k.08. A still more critical test to determine the 
dependence or independence of the genetic agencies which affect muscle 
diameter and linear skeletal development was made by eliminating the 
effect of linear skeletal development. This was accomplished by taking all 
mature animals in the height a t  withers class of 125 to 127 centimeters 
and correlating their round measurements with their weights. Obviously 
all Holsteins were omitted. The correlation coefficient for the thirty ani- 
mals tested in this manner was found to be +.899 ? .021, which is almost 
as high as + .896 k .015 the correlation coefficient of round measurement 
with weight when the Holsteins were omitted. 

The evidence obtained from the analysis by means of correlations ap- 
pears to be conclusive proof that some of the genetic agencies which con- 
troI the development of muscle diameter in mature animals differ from and 
are possibly, though not necessarily, genetically independent of those 
which control linear skeletal development. 
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FIGURE 4.-Height plotted against round measurement for mature cows of all breeds. 

The data concerning the immature animals as a whole are numerous, 
but when restricted to narrow limited age groups, they are not numerous 
enough to analyze for any particular age class when the relations of muscle 
development and total body weight are considered. For this reason another 
method of analysis is used for determining the nature of growth factors in 
animals of all ages. 

RELATION OF HEIGHT, MUSCLE DEVELOPMENT AND FAT TO WEIGHT I N  
NEWLY-BORN CALVES OF DAIRY AND BEEF BREEDS 

Some consideration should be given to the development of muscle, skele- 
ton, and fat in relation to total body weight in newly-born calves of differ- 
ent breeds. Although we have no large mass of data bearing on this sub- 
ject, what we have is sufficient to establish certain important facts. The 
calves included in this analysis range from one day to sixteen days of age. 
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The majority, however, is seven days or less. The age class range should, 
have narrower limits. The data are summarized in table 7. 

TABLE I 
Height, weight, and round measurement in newly-born calves of different breeds. 

AQE IN ROUND 

DAY0 AElQHT MEASUREYENT WElQHT 

Jersey Female 
U 

‘L 

Male 

Female 
Male 

IC 

‘L 

1‘ 

Female 
16 

Guernsey Male 

512 
513 
514 
58E 
57E 

520 
(Dam 426) 
(Dam 402) 
(Dam 444) 

521 
522 
607A 

13 
4 
5 
9 

10 
4 
3 
2 
2 
1 
1 
1 

65.5 
64.5 
65.5 
61 .O 
68.0 
IO 
63.5 
63.5 
69.0 
58 
65.5 
69 

39 
37.5 
40 
44 
44 
31 
40.5 
41 .O 
40.0 
33.5 
41 
44.5 

52 
45 
41 
55 
63 
53 
52 
63 
52 
34 
54 
64 

Mean 65.6 40.1 52.8 

Hereford Female 
‘1 

U 

U 

1‘ 

11 

‘6  

U 

U 

U 

U 

Angus 
Hereford 
Angus 

Shorthorn 

Twins {E: 

436 8 
431 I 
448 I 
449 4 
450 16 
434 I 
446 6 
432 16 
433 16 
482 
445 11 
463 14 
464 14 

61.5 
70 
65.5 
57.5 
65.0 
65.0 
65.0 
65.5 
68.0 
64.5 
65.0 
65 .O 
66 

55 
58 
46 
39.5 
53 
53 
51 .o 
54.0 
55.0 
42 
47 
45 
41.5 

100 

67 
45 
82 
90 
75 

100 
115 
48 
75 
I5 
80 

Mean 65.3 49.1 19.3 

Holstein Female 183 9 12  51 90 
184 3 I1 50.5 86 
181 2 68 45 61 
188 5 72 52 84 
189 1 71.5 46.5 81 

11 

‘1 

16 

‘1 

Mean 70.9 49 80.4 

Ayrshire Female 249 I 71.5 53 82 
250 I 69 50.5 85 11 

The range in height of the Jersey-Guernsey group is from 58 to 70 
centimeters with a mean of 65.6. The range in round measurement is from 
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33.5 to 44.5 centimeters with a mean of 40.1. The weight ranges from 34 to 
64 pounds with a mean of 52.8. 

The range in height for the Hereford-Angus-Shorthorn group is from 
57.5 to 68 centimeters with a mean of 65.3. The round measurement varies 
from 39.5 to 58 centimeters with a mean of 49.7. The range in weight is 
from 45 to 115 pounds with a mean of 79.3. Since the number of Holsteins 
and Ayrshires is limited, no attempt has been made to analyze the results. 
However, the weight of the two Ayrshire calves is slightly higher than the 
mean birth weight of 72 pounds as given by ECKLES. The Holstein calves 
appear on the other hand, to weigh slightly less than the ones reported by 
him. The mean weight of the Jerseys, 52.8 pounds, closely approximates 
the mean birth weight of Jerseys reported by ECKLES (1919) for the Miss- 
ouri herd. 

The mean weight of the newly-born Hereford-Angus-Shorthorn calves, 
is 79.3 which is close to that given by HAIGH, MOUETON and TROWBRIDGE 
(1920). They reported that four calves from dams which were on a high 
plane of nutrition averaged 82.53 pounds, while five calves from dams on 
a medium plane of nutrition averaged 80.87 pounds. 

When the height of the Jersey-Guernsey group is compared with that 
of the beef group, it slightly exceeds the latter, though the difference is 
insignificant. On the other hand, when the mean round measurement and 
weight of the Jersey-Guernsey group are compared with those of the beef 
group, the beef group unmistakably exceeds in both of these measure- 
ments. Here again we find that weight is related to round measurement 
(muscle diameter). 

Is the difference in weight between the newly-born Jersey-Guernsey 
calves on one hand, and the beef calves on the other, caused by differences 
in muscle development or in the amount of fat? The investigations of 
HAIGH, MOULTON and TROWBRIDGE (1920) on the composition of the 
bovine a t  birth, give some information concerning this question. Jersey 
calves 1 l-A and 1 l-B contained 4.591 and 3.494 percent of fat respectively 
in the total carcass. Four Hereford calves on a high plane of nutrition con- 
tained from 3.8 to 4.4 percent fat with a mean of 4.155 in the entire car- 
cass. Five Hereford calves on a medium plane of nutrition had a range of 
3.2 to 3.95 percent of fat in the entire carcass. The mean was 3.568. From 
the study a t  the Missouri station, it is evident that differences in total 
fa t  of the newly-born calves of dairy and beef breeds will not account for 
differences in birth weight, but differences in development of muscle di- 
ameter will account for a large part, if not all, of the difference in birth 
weights. 
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GENERAL CONFORMATION 

a. Mature cows 

Since ECKLES, and ECKLES and SWETT, showed that almost any linear 
skeletal measurement may be calculated with a high degree of accuracy 
from the measurement of the height a t  withers alone, it is evident that in 
cattle the factors which control linear skeletal development are chiefly, if 
not exclusively, general in their effect. This also seems to agree with 
WRIGHT’S analysis for skeletal development for rabbits and White Leg- 
horn fowls. The question then arises as to whether or not the agencies 
which control the development of muscle diameter are chiefly general with 
group and specific factors having a minor effect. WRIGHT’S methods of 
analysis should definitely settle this question. However, since it was not 
practical to make such an analysis, a more indirect method was used. 

In  the mature animals, the correlation coefficients of round measure- 
ment with weight was very high as shown in the previous discussion and in 
table 6. The three correlation coefficients of round measurement with 
weight were +.875, .021, depending 
upon the grouping of the animals used in the study. From these it is evi- 
dent that some of the agencies which control the development of muscle 
diameter have a general effect and indicate that many muscles were in- 
fluenced. Furthermore, if specific factors which affect individual muscles 
or groups of muscles are involved, they evidently play a subordinate role 
in their total effect on body weight. For this reason, from the standpoint 
of expressing the build or general conformation (relation of muscle di- 
ameter to linear skeletal development) of an animal one may disregard 
the possible effect of group or specific growth factors on the development 
of muscle diameter as well as on linear skeletal development, though it is 
highly probable that some are involved in both systems. 

By taking the round measurement as the numerator and the linear 
skeletal measurement of height a t  withers as the denominator (R.M./H) 
one may express general conformation in statistical units. This expression 
gives an abstract number which represents in a general way the ratio of 
muscle diameter to linear skeletal development, and which is diagnostic of 
build or general conformation. This standard of the measurement of con- 
formation is referred to in this paper as the muscle-skeletal index or ratio. 
Table 8 shows the summary of the muscle-skeletal index of mature COWS 

of all breeds studied. Since all of these numbers are decimals, it  may be 
more convenient to express the index as whole numbers by omitting the 
decimal point, but in this analysis the decimal point is retained though in 
table 8 the decimal point is omitted and the index is carried to two figures 
only. 

.017; +.896, f .015; and +.889 
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TABLE 8 
Index of mature COWS of all breeds. 

~~ 

DIF. 

BREED GROUP NO. RANQE IN INDEX TOTAL MEAN 8.D. COMPARED DIFFERENCE8 P. E .  
- QROUPB MEAN 

Jersey 65-17} 39 7 1 k . 3  3.1 1-2 4 . 4 k . 4 6  9 . 5  Guernsey } 66-72 

Holstein 2 72-78 9 75A.3 1 . 4  2-4 6 . 9 f . 5 5  12.4 

Shorthorn 4 78-87 13 8 2 + . 4  2 .4  4-5 5 . 0 k . 6 5  7.7 

Angus 84-89 

Ayrshire 3 72-82 7 7 9 f . 9  3 .7  

13 87+ . 5  2 . 5  

The Jersey-Guernsey group has a range in the muscle-skeletal index 
from .6595 to .7795 with a mean of .709 t- .003, and standard deviation of 
.031. The Holsteins range from .7295 to .7795 with a mean of .753 f .003, 
standard deviation .014. Although limited in number, the Ayrshires show 
two trends of type of conformation, one a dairy type and the other beef. 
In  spite of this, however, the Ayrshires may be classed as somewhat inter- 
mediate between the beef and dairy types of conformation. They range 
from .7295 to 319.5 with a mean of .787+.009, standard deviation .037. 
The muscle-skeleton index of the Shorthorns ranges from .7895 to 3695 
with a mean of 3 2 2  f .004, standard deviation .024. The Hereford-Angus 
group ranges from .8295 to .9295 with a mean of 372f.004, standard 
deviation .025. 

Since Holsteins are discontinuous with the other breeds for skeletal de- 
velopment, and since the Ayrshires are somewhat intermediate in con- 
formation between the beef and dairy types, we shall compare the Jerseys 
and Guernseys with the combined beef breeds, Shorthorn, Hereford, and 
Angus. The mean muscle-skeletal index for the Jersey-Guernsey group is 
.709f: .003, while it is 347 k .001 for the combined beef breeds. When the 
probable error of the difference is considered, we find that the deviation 
is more than thirty-eight times the probable error of the difference. 

From this analysis it is evident that mature cows of the various breeds, 
or even individual animals which differ in conformation (the ratio of 
muscle to skeleton) may be separated by the muscle-skeleton index. Ex- 
pressing the difference in conformation in statistical units on the basis of 
the muscle-skeletal index is a new method of attack and it may aid in the 
solution of the complex problem of the inheritance of conformation and 
size. 

b .  T h e  muscle-ske1eto.n index in di jerent  breeds of all ages 

Evidence has been presented which indicates that for mature animals, 
the muscle-skeleton index is diagnostic of differences in conformation be- 
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tween the various breeds of cattle, and even between individuals of the 
same breed when they happen to differ in build. Now the question arises 
as to whether or not differences in conformation exist throughout the 
growing periods from birth to maturity. An appreciable amount of data 
has been gathered which bears on this question. Individuals of all breeds 
and of all ages from birth to maturity may be usedin this analysis if the 
muscle-skeleton index is plotted against age in months. These data are 
given in the form of a graph and shown in figure 5. This chart clearly shows 
several striking facts. The method of expressing conformation in statistical 
units shows a distinct difference in conformation between beef and dairy 
breeds from birth to maturity. The figure .785 approximately separates 
the beef from the strictly dairy breeds. In  the foregoing discussion i t  was 
stated that so far as dairy and beef types are concerned, the Ayrshire 
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FIGURE 5.-The muscle-skeletal index of animals of all breeds and all ages plotted against age 
in months. 

cows in the Experiment Station herds are of mixed types of conformation. 
When we examine the analysis in figure 5 this fact is clearly shown. All 
of the mature Holstein cows fall below the beef breeds in muscle-skeleton 
index except a few young Holsteins from four to twenty-six months of 
age, which plot in the lower limit of the range of the beef group. 

When the beef breeds are considered together, the Hereford and Angus 
breeds tend to fall together, and have a muscle-skeleton index slightly 
higher than the Shorthorns. The beef breeds a t  birth have a muscle-skele- 
ton index which they tend to retain throughout the growing and adult 
periods. 

The Jerseys and Guernseys plot together and have a low muscle-skele- 
ton index. The Holsteins have a muscle-skeleton index which is slightly 
higher than that of the Jersey-Guernsey group. The dairy breeds give us a 
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very interesting picture of conformation from birth to maturity. At birth 
the ratio of muscle diameter to linear skeletal development for the Jerseys 
is about .60. This is low. However, the index gradually changes and by the 
time the Jerseys are eight months of age the muscle-skeletal index has 
become relatively constant and remains so throughout the growing and 
adult period. There is an indication that a change in muscle-skeleton index 
takes place likewise in the Holstein breed, but it is less marked. In other 
words, the muscle-skeleton index for the Jerseys tends to change from birth 

FIGURE 6.--Photograph of mature Jersey cow 421. Height 126 centimeters, round measure- 
ment 88.5 centimeters, weight 970 pounds. Note the lack of development of muscle in the round 
and throughout the body. Muscle-skeletal index 702. Compare with figure 7. 

to about eight months of age, whereas that of the beef breeds tends to re- 
main constant from birth to maturity. 

A question which deserves consideration concerns the genetic agencies 
which operate to affect conformation so far as muscle diameter and linear 
skeletal development are involved. These factors, which affect muscle 
diameter as found in the breeds studied, are evidently different in nature 
and are possibly for the most part genetically independent of those affect- 
ing linear skeletal development. 

There should be as many types of conformation in cattle as it is possible 
to obtain by uniting all genotypes affecting muscle diameter with all geno- 
types affecting linear skeletal development. 
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Relation of the musck-skektal ratio to pe-natal 
and post-natal development 

Since the beef breeds start at birth with a muscle-skeletal ratio which 
remains practically constant throughout life, and since the dairy breeds, 
especially the Jersey, have a low muscle-skeleton index at birth, but have 
an increase in amount of muscle in relation to their linear skeletal de- 
velopment for the first eight months, at which time it  becomes practically 
constant and remains so throughout the remainder of the life of the in- 
dividual, i t  is clearly evident that the embryological and foetal develop- 

IC- -- __.--.--..- ---------- 

FIGURE l.--Photograph of mature Shorthom cow 212. Height 126.5 centimeters, round meas- 
urement 104 centimeters, weight 1320 pounds. Note the excessive development of muscle in the 
round and throughout the body. Muscleskeletal index 822. Compare with figure 6. 

ment of the beef breeds differ in some detail from that of the Jersey breeds. 
A t  birth the beef breeds appear to have their adult muscle-skeleton ratio, 
while i t  takes the Jerseys several months of post-natal development to 
reach their adult muscle-skeleton ratio. This seems to indicate that the 
stimulus which causes the development of muscle tissue is less marked in 
some dairy breeds during the foetal period than in the beef breeds. This 
seems to agree in part at least with the condition reported in the rabbit 
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by CASTLE and GREGORY (1929) and GREGORY and CASTLE (1931). They 
found that the eggs of large races of rabbits segment at a faster rate than 
those of small races. Now, since some of the genetic agencies which con- 
trol the development of muscle diameter in cattle are different from and 
exhibit a certain degree of independence from those which control linear 
skeletal development, i t  appears logical to assume that the biochemical 
substance which causes muscle development is more concentrated in the 
beef breeds during foetal development than it is in the dairy breeds. 

FIGURE 8.-Posterior view of Jersey cow 421. Note the deep depression and lack o l  muscle 

GREGORY and Goss showed that in the rabbit the concentration of 
sulphydryl is greater in large race rabbits than in small race rabbits. The 
chemical determinations were based on the analyses of newly-born rab- 
bits which had fasted 48 hours. At this time it  is impossible to state the 
biochemical nature of the substance which stimulates muscle develop- 
ment in cattle, but i t  may be the concentration of sulphydryl since this 
biochemical compound is known to stimulate growth by increase in cell 
number as was shown by HAMMETT and his associates. 

development in the round. Compare with figure 9. 

DISCUSSION 

The nature of growth factors in mammals 
The evidence from the data presented in this paper indicates that some 

of the genetic agencies which control linear skeletal development in domes- 
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tic breeds of cattle are different from and possibly independent of those 
which control muscle volume. From an analysisof the data of MACDOWELL 
and CASTLE (1914)’ CASTLE (1922) for three populations of rabbits, and 
from DUNN’S data on the White Leghorn fowl, WRIGHT (1932) seems to 
have definitely established the existence of three types of growth factors- 
general, group and specific-which influence skeletal development and 
weight. General growth factors (with an exception in the F, rabbit popula- 
tion) account for most of the total effect, while group and specific factors 
each contribute a minor part. WRIGHT’S interpretation of growth factors 

FIGURE 9.-I’osterior view of Shorthorn cow 212. Sote the lack of depressions and full muscle 
development of the round. Compare with figure 8. 

is in harmony with the observations and conclusions of SUMNER and 
GREEN for mice. 

In several recent publications GREEN gave the results of his work on 
size inheritance in a mouse species cross between Mus musculus and Mus 
baclrianus. In his report on the nature of size factors, he gave the correla- 
tion coefficients of various skeletal measurements, most of which were 
linear, in relation to each other and in relation to total body weight. 
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This was done for the two species mentioned above, as well as for the F1 
hybrids between the two. From his analysis GREEN came to the conclusion 
that general and specific factors are both involved in development. The 
data presented by GREEN seem to indicate that some of the genetic agen- 
cies which control linear skeletal development may be independent of 
some of the genetic agencies which control the development of weight. 
If this is the case it agrees with the findings in cattle. 

In the mouse species cross, GREEN had three chromosomes marked 
with genes A, B and D. The musculus parent carried the recessive genes 
while the bactrianus parent carried their dominant allelomorphs. Since all 
the brown mice which were produced from F1 hybrids back-crossed to the 
musculus parent were heavier and had greater bone dimensions (with the 
exception of skull length and width) than the black mice produced from 
the same matings, GREEN came to the conclusion that the musculus chro- 
mosome bearing the brown gene also bore a factor for increased linear 
skeletal measurements. 

GREEN’S analysis does not determine whether or not this growth factor 
which is borne in the chromosome which bears the-brown gene affects 
other tissues in the body, such as muscle diameter. 

Since conformation, the relation of muscle diameter to linear skeletal 
development, is an important factor in weight and size inheritance, and 
since differences in conformation seem never to have been taken into ac- 
count in genetic studies of growth and size inheritance, development of 
muscle diameter and its effect on weight may be one of the disturbing 
factors in the interpretation of the nature of growth factors. Since general, 
group and specific factors influence linear skeletal development, these 
three types of growth factors may also be involved in influencing muscle 
diameter and, consequently, volume. 

The evidence presented in this study indicates that general factors are 
responsible for most of the growth in each system (muscle and skeletal), 
but in neither system does i t  evaluate their total effect or the influence of 
group and specific factors. Furthermore, i t  would be desirable to know if 
growth factors exist which operate on the development of both muscle 
diameter and the linear skeleton. In the preceding pages i t  was shown 
that Holsteins are discontinuously greater for height a t  withers (linear 
skeletal development) and at  the same time have an increased round 
measurement. Can this increased linear skeletal development and in- 
creased round measurement be accounted for by a general factor (or fac- 
tors) which affects both muscle diameter and linear skeletal development, 
or is size in Holsteins accounted for by factors which increase linear skele- 
tal development combined with factors which cause greater muscle di- 
ameter? This study does not answer this fundamental question. 
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So far as the relation of muscle diameter to linear skeletal development 
in the beef and dairy animals used in this study is concerned, there are 
several unmistakably contrasting types of conformation. This in itself is 
evidence that some of the growth factors which affect development of 
muscle diameter are different in nature and possibly, though not neces- 
sarily independent of (not linked with) those which affect linear skeletal 
development. 

We believe that the muscle-skeleton index may be of value in the 
analysis of some of the problems of conformation and size inheritance in 
cattle, and possibly other animals, since it enables one to express general 
conformation in statistical units. If the factors which influence muscle 
diameter and linear skeletal development were exclusively general in each 
system this index, fundamentally a t  least, should be an almost perfect 
criterion of conformation. However, it is a practical certainty that group 
and specific factors are operating to limited extents in both the muscle 
and the skeletal systems. Therefore, this expr'ession of conformation (re- 
lation of muscle diameter to linear skeletal development) is without doubt 
subject to slight errors which are caused by group and special factors 
operating in each system. When we determine the exact role that general, 
group and specific factors play in the development of both muscle diameter 
and the linear-skeleton, then the absolute value of the muscle-skeleton 
index may be determined. Whatever the outcome of that study may be, I 
believe that the preponderance of general growth factors operating in 
both the muscle and skeletal systems will cause the muscle-skeletal index 
to have some value as a tool to aid in the analysis of the inheritance of 
conformation and related phenomena in cattle. 

GREEN has shown for mice that the male sex hormone affects the ex- 
pression of growth factors. He suggested that growth factors are more 
specialized in males and more general in females. WRIGHT has shown that 
sex has only a slight effect on growth in rabbits. Since no mature males 
are used in this study of cattle, we are not certain of the effect of the male 
sex hormone on conformation. It is evident that the male sex hormone 
causes a certain amount of modification of conformation in cattle. The 
magnitude of this modification is yet to be determined. 

SUMMARY 

1. A study of the nature of growth factors which control muscle di- 
ameter and linear skeletal development was made in Hereford, Angus, 
Shorthorn, Holstein, Jersey, Guernsey and Ayrshire cattle. Most of the 
animals used were females, but a few males were used in the younger ages. 

2.  From an analysis by means of correlation coefficients, evidence is 
presented which indicates that some of the genetic agencies which control 
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muscle diameter are different in nature and possibly, though not neces- 
sarily, genetically independent of the genetic agencies which control linear 
skeletal development. 

3. Evidence is also presented which indicates that some of the factors 
which control the development of muscle diameter are chiefly general in 
nature. However, the data do not deny the existence of group and specific 
factors influencing the development of muscle diameter. 
4. There are a t  least two different genetic compositions which are 

clearly demonstrated, involved in the development of muscle diameter. 
It is yet to be demonstrated whether or not other genetic compositions 
having marked effects are involved. 

5 .  From the study of ECKLES and SWETT on linear skeletal develop- 
ment in cattle the conclusion is reached that the genetic agencies affecting 
linear skeletal development are chiefly general in nature and if specific 
factors affecting individual bones, or groups of bones, are involved they 
play only a minor part in linear skeletal development. 

6. The evidence indicates that in the breeds studied, a t  least three 
different genetic compositions are involved in height, the criterion of linear 
skeletal development, and there is some indication of a fourth. 

7. Since linear skeletal development in cattle is controlled by growth 
factors which are chiefly general in nature, and muscle diameter is con- 
trolled by growth factors which are also chiefly general in nature, and 
since genetic agencies which control linear skeletal development are differ- 
ent from and possibly independent of the genetic agencies which control 
muscular diameter, the general conformation of an animal may be ex- 
pressed in statistical units by taking the round measurement as the 

numerator and the height as the denominator ( ~ R.HM'). This represents in 

a general way the ratio of muscle diameter to linear skeletal develop- 
ment. The conclusion is reached that conformation is primarily the re- 
sult of the interaction of growth factors (general group and specific) affect- 
ing muscle diameter combined with growth factors (general, group and 
specific) affecting linear skeletal development. 

8. Evidence from the study of the muscle-skeleton index also indicates 
that the genetic agencies which affect the development of muscle diameter 
have a certain degree of independence from those which affect linear 
skeletal development. 

9. The muscle-skeletal index of the beef breeds studied was practically 
constant from birth to maturity. In the dairy breeds, especially Jerseys, 
the muscle skeleton index was not constant from birth to maturity. The 
evidence indicates that in Jerseys, muscle tissue is retarded during foetal 
development and the adult muscle-skeletal index is not reached until the 
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young are about eight months of age. This indicates that muscle develop- 
ment in beef breeds is somewhat more accelerated than in dairy breeds 
(with the exception of Holsteins) during foetal development, while the rate 
of linear skeletal development of beef and dairy breeds is about the same. 

10. When the nature of growth factors, as reported in mice and rabbits, 
is considered in relation to the interpretation made for different breeds of 
cattle, the conclusion is reached that differences in conformation in the 
races or species studied may account for some of the diversity of opinions 
held on the general or specific nature of growth factors. 
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