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This study explores: first, changes in body
measurements of two different types of Hereford steer
calves during fattening; second, interrelationships be-
tween body measurements and the feed lot efficlency and
galns of these steers.

The visual method of comparing the conformation
of one animal with another lacks the obJjectivity desired
for research purposes. Because of this, linear measure-
ments were used as a means of describing the two types
and to show the interrelationships mentioned above.

The small type Hereford steers compared in
this study with average size Herefords as found in most
purebred herds, referred to as conventional type, appear
shorter in head, neck, body, and legs than the conven-
tional type Herefords and are designated as comprest typaw

Some of the questions it 1s hoped may be at
least partially answered in this study are:

1. Can body measurements be used to dlfferentiate
between comprest and conventional types of Hereford
steers?

2. How do the measurements of the steers differ

between the two types?




3. Can these measurements be used to predict feed
lot performance?

4., What is the relationship of fat steer measure-
ments to subsequent carcass measurements?

5. What is the relationship of slaughter grade to

subsequent carcass measurements?

MATERIALS AND METHODS

This comparison was made during two growth-
fattening periods, using for each period all the steer
calves produced by a herd of purebred Hereford cows at
the Fort Lewls A and M College each of the two years.
The steers were fattened and slaughtered at Colorado A
and M College.

Some of the steers were sired by conventional
type bulls and some by comprest type bulls. All dams
were of conventional type breeding.

The steers were individually fed in dry lots
from shortly after weaning time until they were slaugh-
tered. The length of feeding period varled from 181 to
241 days.

Nineteen different body measurements were
taken on each steer at twenty-eight day intervals through-
out the growth-fattening period each year. A twentleth
measurement, depth of chest, was calculated. Twelve

carcass measurements and two carcass cut-out measure-




ments were taken. All measurements were recorded in

centimeters.

FINDINGS

The largest differences in conformation were
found for the followling body measurements, listed in
decreasing order:

Hip height

Circumference of paunch

Length of body

Wither height

Circumference of flank

Point of ilium around flank to tuber ischli

Helght of chest

Pgtella to patella

The smallest differences were shown by width
of head and circumference of cannon bone. The conventlons
al type steers showed the larger measurement in all
cases.

Four measurements, length of cannon bone,
height of chest, hip height, and wither height were
singled out as showing the smallest amount of overlapping
of individual measurements between the two types. Consi-
dering these four measurements, the slze of measurement
suggested for differentiating the two types of steers at

about one year of age are summarized as follows:




Length of cannon bone....... 20.1 centimeters

Height of cheS8tesseccccesses 48.5 centimeters

Hip helghteeeseeccccessssess 107.3 centimeters

Wither height.cecscessccesss 101.8 centimeters
These differentiating sizes were not offered as definit-
ely dividing the two types, rather, they were offered as
possible guldes to be used in classifying twelve month
0ld Hereford steers as to whether they are of comprest
type or of conventionel type. It was suggested that at
least three of the four measurements of the steers be
less than the respective differentiating measurement in
order to classify a steer as comprest type, or, greater
than the differentiating measurement in order to classify
a steer as conventional type.

There was very little difference between types
in the relative increase or growth in any of the measure-
ments between February and May. The largest relatlive
increase in size of measurements for the two types was
for width of loin. Circumference of heart girth and
width at hooks also showed large relative lincreases for
both types.

Conventional type steers showed the largest
average ratio of weight to wither helght but the comprest
type steers showed the largest average ratio for all
other ratios considered. There was some overlapping be-

tween types for the two years for all but two of the




seven ratios, namely, weight to wither height and depth
of chest to length of cannon bone.

Body measurements cannot be used as a rellable
indication of the individual steers' capacity for growth
and fattening. However, correlation studies of total
digestible nutrients per pound gain with certain body
measurements and ratios of these measurements indlcated
that feeder steers that are shorter legged, shorter in
overall height, narrower in chest, shorter in body, and
smaller around the paunch tend to be more efficlent in
the feed lot than those that were taller, longer in body,
wider 1n chest, and larger in the paunch.

In genersl then, this study shows that the
smaller steers tend to be more efficlient in the feed lot
than steers that are larger, and perhaps older.

A highly significant positive correlation for
area of rib eye muscle with patella to patella indicates
that the feeder steers with larger hind quarters tend to
yield a finished carcass with a larger circumference of
rib eye musele, hence, posaibly a higher proportion of

lean meat to total bone and fat.

SUGGESTIONS FOR FURTHER STUDY
The relatively high correlation of total
digestible nutrients per pound of gain in weight with
wldth of chest as well as significant correlations with




other body measurements is sufficiently informative to
warrant further study along these lines. Perhaps some-
thing could be gained by meking multiple correlation
studies with some of the more interesting measurements
from this standpoint. There also may be other measure-
ments equally informative.

The fsct that the comprest type steers show
higher ratios of width and depth of body to wither
helght than the conventional type but that the conven-
tional type steers show a higher ratio for weight to
wither height is very interesting and appears to warrant
further study. Perhaps something could be learned about
this 1f comparisons of the two types of steers were made
at periodic intervals from weaning age, or younger, to
slaughter age.

The density of the two types of steers' bodies
mey not be the same. The work of Washburn, et al. (31),
- 1948, indicates that the "compact" type of Shorthorns
have a slightly higher density 6f body than do the con-
ventional type. Relatlionships of this nature relative
to the comprest and conventional types of Herefords
appears to warrant scientific investigations.

Variations in age may have considerable influ-
ence on variations in the different body measurements.
Because of this it is suggested that perhaps a truer

picture of the various body measurements could be presen-




ted in future studies of thls nature if they were correc-
ted for age.

The differences shown by some measurements
appear to warrant further study, especlally to ascertain
Just what the differences are due to, whether due to
skeletal differences, muscular differences, or the degree
of fatness. This 1s of particular interest in the case
of width of chest since this measurement showed a high
correlation with total digestible nutrients per pound of
gain.

It appears that specific differences between
the two types of Hereford steers would warrant further
study, especially the skeletal measurements that might
be used in differentiating the two types. Emphasis
might well be placed along these lines on younger steers
than were used in this study as 1t might be desirable to
differentiate the two typee of steers very soon after

birth, or at least by weaning age.
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Chapter 1
INTRODUCTION

This is a study to explore: first, changes
in body measurements of two different types of Here-
ford steer calves during fattening; second, interrela-
tionships between body measurements and the feed lot
efficiency and gains of these steers.

Comparative body form in animals is commonly
described and evaluated as seen by experienced livestock
Judges with a more or less standardized terminology and
score card for degree of excellence. This visual
method and the use of score cards has also been relled
upon in this and other studies as a means for dlffer-
entlating types and sizee and as a basls for studying
the importance of these body characteristics on the qua-
lity and economy of production of beef. However, the
visual method of comparing the conformation of one ani-
mal with another lacks the objectivity desired for re-
search purposes., Because of this, it was decided to
attempt to use linear measurements as a means of differ-
entiating the two types and possibly as causal factors

influencing steer performance in the feedlot.
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The small type Herefords compared in this study
wlth average size Herefords as found in most purebred
herds, hereafter referred to as conventional type, are
apparently very similar in type to the "compact" Short-
horne described by Stonaker and Tom (27), 1944, as a
type showling an extreme degree of compactness of body and
shortness of bone. The small type of Herefords will
hereafter be designated as comprest type. Concerning
this comprest type, Ingalls (14), 1948, had the following
to say:

ssscocomprest type in the Hereford breed is
belleved to be a mutant, probably due to a
single dominant gene. These cattle can be
1dentified at birth; appearing shorter in
head, neck, body, and legs than the conven-
tlonal type Herefords. This identification
is distinet throughout the life of the
animels, (14:9),

Some of the guestions it is hoped may be at
least partlially answered in thls study are:

l. Can body meazsurements be used to differ-
entlate between comprest and conventional types of Here-
ford steers?

2. How do the measurements of the steers differ
between the two types?

3. Can these measurements be used to prediet
feed lot performance?

4, What is the relationship of fat steer

measurements to subsequent carcass measurements?




5. What 1s the relationship of slaughter
grade to subsequent carcass measurements?

This investigation has been limited to data
taken during two growth-fattening periods. Twenty-seven
and thirty head of steers, respectively, were used in
this study in 1948 and 1949. The data consist of nine-
teen body measurements, initial and final weights, and
the amount of feed individually consumed by these fifty-
seven steers, The elghteen comprest steers were sired by
two comprest bulls, The thirty-nine conventional type
steers were sired by two comprest and five conventional

type bulls,
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Chapter II
LITERATURE REVIEWED

Early invest tions

Animgl measurements were made as early as 1779
when Daubenton (18) used a micrometer to measure the
fineness of wool. A century later Meeh (11) published
what 1s thought to be the first paper written concerning
measurements of the body for use in calculating the sur-
face area of an individual, in this case, humans. He
suggested that the surface area of any individual could
be calculated from linear body measurements,

Much of the early work on body measurement
studies of cattle was done in Germany according to Lush
(19), 1928, who summed up this early research as either
a study of the changes that take place during growth
after birth or as an objective means for describing

certain races or breeds of cattle.

Descriptive messurements
Probably the most detalled and complex

measurements of animals used are those made by animal

sculptors who early recognized the necessity for some

dependable method of measuring live animal bodles.
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Bush-Brown (3), 1912, declared that for the purpose of
reproducing an animal from non living materiszl neither
absolute measurements nor a comparative measurement bas-
ed on the circumference of the animal, as unit, is of
much value. He used instead, regardless of the size of
the animal, helght at withers as a basls to determine
the unit of measure to be used in the particular animsl
in mind. The painter, Megargee, and the sculptor,
Kawamura, for many years, according to Gulliver (10),
1926, used a system of measurement and proportion based
on the length of the head. Swett, a dalry husbandman,
et al. (28), 1937, likewise pointed out the importance
of the use of body proportions or the relationship of
each of the different measurements to one or more
measurements thought to be most nearly representative of

the true skeletal size of the animal.

Measurements as assoclated with type studles
In a 1927 report on a study of beef calves

relative to type, as designated by ranginess or low=-
setness, Hultz (12) found that with but one exception,
namely, body length in the final measurements, type
appeared to be assoclated with height, body circumfer-
ence, or body depth. The two most important ratlos for
indicating type were the chest depth to height at
withers and paunch circumference to height at withers.
However, they pointed out that the latter may not be




particularly reliable as a visual determiner of type
because of the tendency of the paunch to extend to the
glde as well as downward.

In the second experiment of this popular series
concerning type in beef steers at the Wyoming Agricultur-
al Experiment Station, Hultz and Wheeler (13), 1927,
using two-year-old beef steers took the following five
measurements:

1. Heart girth

2. Circumference of paunch

3. Width across hips

4, Helght at withers

5. Chest, floor to ground
and calculated a sixth, depth of chest. From the re-
sults obtained with these measurements they concluded
that the intermedlate type steers demonstrated an inter-
mediate growth in helight as well as breadth but the low-
set steers seemed to grow taller, rather than wider
while the rangy steers appeared to grow broader rather
than taller.

Ingalls (14), 1948, found that conventional
type steers had a larger weight to wither height ratlo
than "comprest" type steers. However, he also found
that comprest type steers had a greater average ratlo
of heart girth to wither height and a greater ratlio of
circumference of hind quarters to wither height than




did the conventional type steers. He did not find a
slgnificant correlation between the ratios of these
body measurements and efficlency of converting feed

into beef.

Body measurements as affected by fattening

A study of 14 linear measurements of horses

reported in 1912 by Cochel and Severson (4) indicated
that a change in width of body 1s more apt to take
place than a change in body depth in fattening horses.

The Missouri Agricultural Experiment Station
has conducted an extensive series of detalled and inte-
grating experiments on the use of feed by cattle, some
of which incorporated many body measurements. In a
report on one of these studles in 1918, Trowbridge,
Moulton, and Haigh (30) said that by the use of a hing-
ed wheel with adjustable points for getting the exact
contour at the heart, flank, and paunch girths the
increase in height as well as the lncrease or decrease
in width could be determined. Later, in 1919, they
(29) reported that a gain in the measurement of the
heart girth of very young steers may show skeletal
grdwth,whereas a gain in the same measurement in steers
more than one year old is largely an indicatlion of in-
crease in flesh or fatness.

Of seven measurements taken in an experiment

reported by Hultz (12), 1927, the greatest increases




from the beginning to the end of the fattening period
were shown in heart girth, width at hips, and paunch
girth, although all of the seven measurements showed

increases for the calves in this study.

Concerning a report on "Changes in Form and
Weight on Different Planes of Nutrition" by Moulton,

Trowbridge, and Haigh (22), 1921, Lush (19), 1928, had
the following to say:

essss8 comparison of the average measure-
ments for the steers on the good, medium,
and poor rations, combined with a know-
ledge derived from slaughter tests that
the steers differed much more in fatness
than in quantity of muscle or of skeleton,
does warrant the conclusion that the
differences in the average measurements
were largely caused by the differences 1in
the fatness of the three groups of steers.
On this basis it may be concluded that:

(a) Height at withers is affected
practically not at all by fatness

(b) Height at hips is affected very
little if at all by fatness

(¢c) Length from shoulder to hips 1is
slightly affected by fatness

(d) Length from shoulder to ischium
increases distinctly with fatness

(e) Width at hips increases distinctly
with fatness.

(f) Heart girth increases very greatly
with increases in fatness. (19:6)..

Four measurements, heart girth, paunch gilrth,
shoulder height, and rump height were taken in conjunc-
tion with some 120 and 210 day cattle feeding experl-
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ments at the Iowa Agricultural Experiment Station re-
ported in 1926 by Evvard, Culbertson, Wallace, and
Hammond (7) and in 1927 by Evvard, Culbertson, and
Hammond (6) followed in the same year by Culbertson,
Evvard, and Hammond (5). They used calves, yearlings
and two-year-olds in these tests and all four measure-
ments exhibited increases from the beginning to the end
of the feeding trials., The greatest increases were
made by the heart girth and paunch girth measurements.
Their results also indicated that the measurements of
the younger cattle increased more than did those of the
older cattle.

Lush (19), 1928, reported on measurements
taken on 185 steers at the Texas Agricultural Experi-
ment Station. Eight different measurements were taken
on each of the 185 steers. Each measurement showed the
following percentage increase or decrease relative to
live welght during the fattening process:

(a) Chest widthiesesseesess £ 9.29%

(b) Loin widthesessseeseoses # 5.18%

(6) Ohest girtheececscccses £ 1.56%

' (d) Flank girthececcsccsses # .97%

(e) Paunch girthececccscees = <358

(d) Depth of chestesessees. = 1.95%

(e) Length of bOAYesesascss = 3.53%

(£) Height over withers.... - 5.68%
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He stated that, in general, there is s greater increase
in width during fattening than in length or depth of
body, and least of all in the height and head measure-
ments. He found that the soft parts of the body increase
most rapidly. Of the bony measurements, those of the
pelvis showed the greatest increase., The ratio of chest
glrth to wither height appeared to be the most useful in
general. He concluded that linear measurements should be
regarded as supplementary to other means of description

rather than as & substitute for them.

Predicting grades from body measurements

Correlating the appraisal price per pound of
dressed carcass with the following variables:

(1) Caul and ruffle fats

(2) Estimated fatness

(3) Initial weight

(4) Final weight

(5) Gain

(6) Carcass weight

(7) Other |

‘ (8) Dressing percent

Lush (20), 1932, found the highest correlations to be
«35 between appraisal price per pound and final weight
and ,32 between appraisal price per pound and carcass

welght. The other correlations were all below .29.

This, he pointed out, indicates that there is little
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hope of finding a high correlation between body measure-
ments of feeder calves and the appraisal price dr meat
at the end of the feeding period. He showed that,
using initial weight and gain as independent varlables
and appralsal as the dependent variable, the multiple
correlation is only .279. He considered that, in this
case, a correlation of .16 probably is significant and
«+21 18 certainly significant.

Measurements for predicting rate of gain

In a search for an answer to the work of

Mitchell and Grindley (21), 1913, which showed the im-
portance of increasing the uniformity of galns within a
given experimental lot of livestock, Severson and Ger-
laugh (23), 1917, correlated rate of gain with fifteen
different body measurements., They attempted to find
some definite aid to supplement the empirical method of
selecting animals as to thelr gaining capacity in the
feed lot in order to lower the probable error of experi-
mentation caused by individual differences between the
animals under study. In general they found measure-
,ments of the hindquarters of a steer to have more pre-
dlctive value as to gaining capaclty than those'of its
forequarters. Of the twenty-three measurements taken
the one showing the highest correlation with gains 1in
live weight was the length from hip to buttock. They

considered thls correlation coefficient of .271 £ .053
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to be of some value when seleoting feeder steers.
Severson, Gerlaugh, and Bentley assembled many individ-
ual measurements and weights in the same report (25)
but they have not been summarized.

Hultz and Wheeler (13), 1927, calculated
simple correlation coefficients between each of six
measurements and the individual total galins per steer
but none proved significant because of the accompanying
error, consequently they were unable to predict galning
capacity from the initial measurements.

In studying the changes in body measurements
during fattening, Watson (32), 1932, reported a corre-
lation of ,4190 £ .0348 of width between the eyes and
rate of gain although practically no correlation be-
tween length of face and rate of gain. The correlation
between circumference of shin bone and gain in weight
was found to be .3630 £ .0378., The other body measure-
ments consldered showed practically no correlation to
rate of galn,

The work of Lush (20), 1932, tended to con-
firm the ldea that general size is the cause of much of
the p}imary correlation of a measurement with gain in
weight rather than a relation with that particular
measurement. His calculations showed that neither the
head length nor the head width indicated anything about

gain, regardless of whether conslidered as dimenslons or
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as ratios. The width of chest likewise had practically
no value in connection with rate of gain. The five
most important measurements from the standpoint of maxi-
mum gain in weight appeared to be:

(a) Body length, long

(b) Height at withers, tall

(e¢) Flank girth, small

(a) Width of loin, narrow

(e) Paunch girth, large
Other measurements that were on the borderline of stati-
stlcal significance, or near 1t, are:

(a) Muzzle, small

(b) Chest, shallow

(¢) Heart girth, large

(d) Hips, not tall
In view of these data he stated that there is very
little assoclation between conformation and rate of
galn, except, that in general, large but thin steers
tend to galn rapidly. He further stated that steers
with wide differences in conformation might all be high
in dally gains, and steers very similar in conformation
may vary widely in gaining capaclity.

In summarizing a considerable amount of data,
Lush (20), 1932, sald that, although conformation is
very often the only means avallable for evaluating an

animal, the data indicate that specifications based on
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conformation could never be used to accurately predict
the future rate of gain of individual steers.

Black, Knapp, and Cook (2), 1938, found that,
with weight nearly constant, length of body was more
closely assoclated with efficiency and rate of gain
than was helght at withers. However, with weight not
nearly constant, the reverse situation prevailed. They
also pointed out that, when using ratios for supple-
menting other means of predicting future performance,
one should make corrections for differences in fatness,
welght, and age of the animal because of the changes in
these factors throughout the course of the animal's
life.

Some statistical comparisons of certain body
measurements with dally gain were made on three groups
of calves in a three year progeny testing study at the
Arizona Agricultural Experiment Station. The results
published in 1945 by Stanley and MeCall (26) indicated
that, before the measurements were corrected for size,
circunference of cannon, length of body, width at the
thurls, height at withers, and fullness at the stifle
all had highly significant positive correlations with
rate of dally galn in weight. After dividing the
measurements by height at withers to eliminate the
effect of size the modified correlation of circumfer-

ence of cannon and length of body with dally gain
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barely showed significance. In relation to their height
the shallowest bodied steers slightly out gained the

deeper-bodlied steers.

Measurements useful in predicting efficiency
In 1915, Moulton, Trowbridge, end Haigh (22)

concluded that as the weight of cattle increases, the
cost of maintenance in energy increases per unit of sur-
face area.

In reporting an efficlency variation study of
steers, Winters and McMahon (33), 1933, concluded that
there 1s a marked difference in the abllitles of steers
Judged to be of the same breeding, age, weight, market
grade, and condition to make economical gains. They de-
clared also, that the shape of any given animal cannot be
used as an accurate indicator of that animal's efficiency
of feed utilization.

Evidence reported by Black, Knapp, and Cook (2)
in 1938 was based on a study of beef, dual purpose, and
dailry breeding. A ratlo of weight to height at withers
was a better measure of efficlency of galn than was the
ratio of heart girth to height at withers. Length of
body gave a higher correlation with efficiency than did
height at withers.

Relationship of type to rate of gain
Hultz and Wheeler (13), 1927, compared the gain-
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ing capaclity of three different types of steers. They
concluded that low-set type steere were slightly more
rapid gainers than rangy or intermedlate type steers.
In the experiment reported the steers were fed for a
period of 156 days.

In the four years that large and small type
Hereford steers were compared by Woodward, Clark, and
Cummings, (34), 1942, the large type steers made somewhat
faster gains both as calves and as two-year-olds.

In Hereford type tests reported by Stanley and
McCall (26), 1945, steers classified as low-set galned
more than did those rated as medium type, but the up-
standlng steers showed the highest rate of gain. Accord-
ing to a progeny test study reported by the above workers
uncorrected height at withers correlated with galn show-
ed that the tallest steers galned the most but a nega-
tive correlation of corrected height at withers to dally
gain indicated that the low-set steers demonstrated the
greatest rate of gain.

Knox and Koger (17), 1946, reported on a nine
year type study of approximately 350 yearling Hereford
steers very similar in breeding and raised in a similar
environment. Rangy steers were equally as thick as com-
pact steers but differed from them in the proportion of
helght and length to depth and in size due to greater
helght and length. The rangy type, with but one excep-
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tion, ranked first in average dally gain each year al-
though there was a non-significant tendency for the com-
pact cattle to rank high when gain was expressed in per-
cent of initial welght. Some compact steers made very
rapid geins. In view of these facts, they pointed out
that greater actual average gains made by the rangy
cattle were due to slze and assoclated feeding capacity
and growth rate rather than to body form.

Relationshlp of type to efficiency
Using steer calves for the study, Hultz (12),

1927, reported that the most economical gains were made
by very rangy calves as contrasted to very low-set calvesa
However, Hultz and Wheeler (13), 1927, using two-year-
cld steers in a 156 day feeding period reported that
slightly more efficlent gains were made by low-set type
steers than by the rangy or intermediate type. Differ-
ences in efficiency as between types were not pronounced
in either experiment.

One conclusion from a correlation of body
measurements in a study of fifty record-of-performance
steers made by Black, Knapp, and Cook (2), 1938, was
that, with weight constant, the type of animal that is
shorter in helght, shorter legged, and shallower in the
chest 18 a little higher in effliclency than the taller,
longer legged, deeper bodied animal.

Research at the Montana Agricultural Experi-
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ment Station concerning large and small type Hereford
cattle was reported in 1942 by Woodward, Clark, and Cumm=-
ings (34). They found that the large type steers were
slightly more efficient in utilizing their feed in three
years of the four-year investigation.

Using "compact" and conventional type Short-
horn steers in a study of efficlency reported in 1948,
Washburn et al. (31) showed that there was a slightly
lower efficlency of feed utilization but also & lower
rate of decline in efficliency of conversion exhibited by
the "compact" animals than by the conventional type. In
spite of this difference in rate of decline of efficiency
both types reached the same efficlency level by the time
they were visually Judged finished. This was demonstrat-
ed by plotting efficlency on both weight-constant andage-
constant bases although they belleve that physiologie

data can be adequately compared on an age-constant basis.

Correlation of rate of gain with efficiency of gain
Gerlaugh (8), 1931, reported on the feeding of

five lots of twenty steer calves each. The cattle that
made the most rapld gains and sold at the top price re-
turned 63 cents a bushel for the corn they ate while the
slowest gaining lot that sold for fifty cents less per

hundred pounds returned 65 cents for each bushel of corn

fed them. In another Ohio test with two lots of steers

that showed .4 pound difference in dally galn the more
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rapld galining lot outsold the other lot 65 cents per hun-
dred welght but only returned a cent more per bushel for
the corn they consumed.

As pointed out by Knapp et al. (20), 1941, it
is expected that the correlation between rate of galn and
efficiency of gain wlll be approximately .50 in a time
constant population. This 1s in harmony with Snedecor
(25), 1946, namely, that any correlation that has the
numerator or the denominator common to both factors 1s a
spurious correlation. He qualified this fact by stating
that it 1s the interpretation that may be spurious.

A correlation of .34 between rate and efficlen-
ey of galn before being corrected for mean live welight
and .71 after being corrected for mean live weight was
reported by Winters and McMahon (33), 1933. Relative to
the same two factors the high correlation of .88 was re-
ported by Black and Knapp (1), 1936, as studied in a
time variable population. With time constant, Knapp et
al. (16), 1941, reported correlations of .436 and .527
between dally gain and efficiency in the feed lot. Knapp
and Baker (15), 1944, found the correlation between the
observed rate and gross efficiency to be .49. They
thought this correlation indicated a relatively high
error in selectlion for efficlency based on rate of gain.
The 1lot means of rate and efficlency showed a low rela-

tionship. The fastest galning sire group was most
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efficient., The next fastest galning group was next to
the poorest in efficiency. The slowest gaining lot was
fourth in efficlency. Except for the fastest gaining
group, none of the nine sire groups were in the same rank
of efficiency that they were ranked in rate of gain.
Guilbert and Gregory (9), 1944, attempted to
feed to an equal degree of fatness. Under these condi-
tions two lots having the same rate of galn differed
significantly in economy of gain. Thus they concluded
that absolute rate of gain was not a satisfactory index
of economy of gain in groups differing in potential mature|

glze and in earliness of maturity.

8 o terat eviewed

The literature relative to descriptive measure-
ments (Bush-Brown (3), 1912; Gulliver, (10), 1926; Swett
et al. (28), 1937) indicates that the relationship of
each of the different measurements to one or more measure-
ments thought to be most nearly representative of the
true skeletal size of the animal 1s of paramount impor-
tance.

Hultz (12), 1927, found that the most reliable
ratlo for indicating type was chest depth to height at
withers.

In general, heart girth is the measurement that
increases most during fattening according to the data

(Hultz (12), 1927; Lush (19), 1928; Evvard, Culbertson,
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Wallace, and Hammond, (7), 1916; Culbertson, Evvard, and
Hammond, (5), 1927; Evvard, Culbertson, and Hammond (6),
1927). The general conclusion seems to be that body
measurements should be regarded as supplementary to other
means of description rather than as substitute for them.

Lush (20), 1932, pointed out that there is
little hope of finding a high correlation between body
measurements of feeder calves and the appraisal price of
meat at the end of the feeding period. He alsc concluded
that specifications based on conformation could never be
used to accurately predict the future performance of
individual steers. The latter was confirmed by Winters
and McMahon (33), 1933.

Some of the literature (Woodward, Clark and
Cummings (34), 1942; Stanley and MeCall (26), 1945; Knox
and Koger (17), 1946) indicates that the rangy or large
type cattle make the most rapid gains. In regard to
efficiency some research (Hultz (12), 1927; Woodward,
Clark, and Cummings (34), 1942; Washburn et al. (31),
1948) indicates that larger type cattle are slightly more
efficient than smaller type. However, Hultz and Wheeler
(13), 1927, found that, with two-year-old steers in a 156
day feeding period, the low-set type steers were slightly
more rapid gainers and slightly more efficlent than the
rangy or intermediate type.

Severson and Gerlaugh (23), 1917, found that
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measurements of the hindquarters of a steer had more pre-
dictive value as to galning capacity than those of 1ts
forequarters. Hultz and Wheeler (13), 1927, were unable
to predict gaining capacity from initial measurements.
When considering maximum gain in weight, Lush (18), 1932,
found that the desirable type of steer would be one that
was tall with a long body, small flank girth, a large
paunch, and a narrow loin. He stated that there is very
little associatlion between conformation and rate of gain,
except that in general, large but thin steers tend to
gain rapldly.

Gerlaugh (8), 1931, showed that the fastest
galning steers are not always the most efficient conver-
ters of feed. Ten years later Knapp et al. (16) reported
that the correlation between rate of galn and efficlency
of gain is expected to be approximately .50 in a time

constant population since this is a spurious correlation.
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Chapter III
MATERIALS AND METHODS

The steers were good to fancy quality purebred
Hereford beef calves. They consisted of all the male
calves produced by fifty-elight Hereford cows in 1947 and
all the mgle calves produced by sixty-four Hereford cows
in 1948, These calves were castrated while still nursing
and later used in this experiment. No culling was prac-
ticed. Some of the calves were sired by conventional
type bulls and some were sired by comprest type, while
all dams were of conventional type breeding.

The calves were all raised to weaning age at
the San Juan Basin Substation assoclated with Fort Lewis
A and M College, Hesperus, Colorado. Each of the two
years the calves were weaned early in December and trans-
ported to Fort Collins, Colorado where they were unloaded
at the experimental feeding yards of the Colorado A and
M College.

Feeding lots
The calves were individually fed in the dry

lots until they were slaughtered. For details concern-

ing the feeding lots the reader is referred to Ingalls
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(14), 1948.

Welghing

All steers were weighed the morning they went
on feed and periodically at twenty-eight day intervals
from that time until slaughter day. They were withheld
from feed for twenty-four hours prior to the final weigh-
ing at eight a.m. on the morning they were to be slaugh-

tered.

Method of individual feeding

The steers were randomly assigned to feeding
lots and also randomly assligned to stanchions. Although
the stanchions were of the lock type the calves were
locked in them only long enough to fasten a short tie
chain to a numbered neck chain on each animal or to un-
fasten the tlie chain. The calves were fed at 5 p.m. and
had free cholce of the ration until 8 a.m. the following
morning. The short tle chains allowed some freedom of
movement during this time.

The steere were hand fed throughout the feeding
periods although the method used approximated self feed-
ing in that each animal was glven slightly more than he
would eat by 8 a.m. the following morning. Feed was
welghed into indlvidual, numbered barrels that were kept
in front of each steer's stanchlion. Uneaten feed was

welghed back into the barrel every fourteen days until
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a month preceding slaughter when weekly welghbacks were

necessitated.

Grading and classifying at beginning of feeding period
Each calf was graded and then classified as to

type, either conventlonal or comprest, on the day that
the initlal feed lot weights were taken. The grading and
classifying was done by Judges from the Animal Husbandry
staff. The results of the grading were recorded by us-
ing a numerical value for each feeder grade; using six
for fancy, flve for choice, four for good, and three for
medium. An average of the Judges' ratings was used as

the fingl recorded grade.

Grading at end of feeding period
Judges from the Animal Husbandry staff graded

the steers on the morning they were to be slaughtered.
The reader is referred to Ingalls (14), 1948, for a sam=-
ple of the chart used as an aid to arrive at the grade.

Body measurements

Nineteen different body measurements were taken
on each steer at twenty-eight day intervals throughout
the growth-fattening period each year. All measurements
were made with a steel tape, small arm calipers, and
large arm calipers with a bullt-in spirit level and were
recorded in centimeters.

While belng measured, each steer was allowed to
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stand in as nearly a natural position as possible on the
concrete floor behind their respective stanchions.
measurement was taken twice at intervals of about fifteen
minutes and an average of the two measurements was used.

A recorder was provided for the person taking the measure-

ments,

The nineteen measurements taken were:

1.
2.
e
4,
Se
6.
7.
8.
9.

10,
11.
12.
13.
14.
15.
16.
17.
18.

Length of head

Width of head

Circumference of muzzle
Circumference of cannon bone
Length of cannon bone
Circumference of heart girth
Circumference of paunch
Circumference of flank

Anterior point of ilium around the
flank to posterior point of tuber
ischii

Patella to patella

Hip height

Wither height

Height of chest

Length of body

Width of chest

Length of pelvis

Width at hooks

Width of loin

Each
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19. Pelvis width
For detalls as to how each of these nineteen measurements
was taken the reader is referred to Ingalls (14), 1948.
A twentieth measurement, depth of chest, was calculated

by subtracting the height of chest from wither heilght.

Carcass measurements

All measurements were taken on the right side
of split carcass. The first measurement listed below was
taken as the right side of carcass hung from a hook in
normal position, neck down. Measurements numbered 6 and
7 were taken at time of slaughter. All other measure-
ments were taken after the side was cut between the
twelfth and thirteenth ribs. Carcass measurements taken
were as follows:

l. Length of body from first rib to pelvic
bone - this measurement was taken with a steel tape,
measuring from the anterior edge of first rib to the
highest anterior point of pelvic bone.

2. Length of leg from pelvic bone to square
shank Joint - this measurement was taken with small arm
calipers, measuring from the highest point of pelvie
bone to the highest point of hock Joint.

3. Depth of body from shoulder to chest
floor - small arm calipers were used to measure from the

lower edge of flesh below breast bone (sternum) across

the first rib to outer edge of flesh above the spinous
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processes.

4. Thickness through chuck at first rib - this
measurement was made with large arm calipers pivoting on
first dorsal vertebra.

5. Length of arm bone from scapula to square
shank Joint - small arm callipers were used to take this
measurement from ventral (external tuberosity of radius)
surface of radius bone to dorsal edge of knee Jjoint (joint
between fused second and third carpal bones and meta-
carpal tuberosity).

6. Length of front cannon bone - a steel tape
was used to measure distance from dorsal edge of knee
Joint to upper edge of dewclaw.

7. Circumference of front cannon bone - a
steel tape was used to measure the circumference of
skinned shank at the smallest point between dewclaw and
the dorsal edge of knee Jjoint.

8. Length of cross section of rib eye muscle
(longissimus dorsi) - for this and the following measure-
ment, the rib eye muscle (longissimus dorsi) was first
cross sectioned by a cut crowding the eleventh rib and
then a tracing was made of this cross section of rib eye
muscle. From this tracing the length of the cross sec-
tion of rib eye muscle was measured with a centimeter
ruler.

9. Width of cross section of rib eye muscle
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(longissimus dorsi) - width was measured with a centi-
meter ruler from the same tracing as used for the previ-
ous measurement.

10, Width of cross section of round - for this
and the following two measurements, the rump was removed
by cutting Just posterior to pelvic bone, the round then
being lald with flat side on the table. Width was then
measured with small arm calipers held perpendicular to
table measuring from bottom of round across large round
bone to top of round.

11. Length of cross section of round - a short
arm caliper was used to measure from a point opposite
round bone, parellel to table top and at right angles to
the previous measurement, across round bone to the
opposite edge of round.

12. Circumference of round - a systematilc
method of determining the point of round at which cir-
cunference would be measured was determined in the follow-
ing manner.

a. A short arm caliper was used

to measure the distance from the
highest anterior point of pelvie
bone to the highest anterlor point
of hock Jjoint.

b. This distance was multiplied by
61.50 percent to determine the point




at which the circumference would
be measured.
¢. This calculated distance was set
on the small arm caliper which was
used to locate three points; one on
top of round and one on either side
of round equi-distant from hock
Joint, where skewers were inserted
for markers.
The circumference of round at these three points was then
measured with a steel tape.

13. Area of rib eye muscle (longissimus dorsi)
- for this and the following measﬁrement the tracing used
for measurement number elght was used. The area was
measured with the use of a planimeter.

14, Fat over the rib - the average of two
points, arbitrarily picked as being representative of the
thickness of fat over the eleventh rib, was used for this
measurement.

Carcass measurements numbered six and seven
were developed by members of the Animal Husbandry staff
at Colorado A and M College. All other carcass measure-
ments were developed with the aid of suggestions in
private communications with O. G. Hankins, senior animal
husbandman in charge of meat investigations, Bureau of
Animal Industry, United States Department of Agriculture.
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1947-48 Fattening Period
Arrival of calves
The calves were weaned December 15, 1947 and
sent directly to Fort Collins by truck. The calves were
then dehorned and after allowing ample time for healing,

they were started on feed.

Ration

The ration fed was a mixture of 25 percent
ground alfalfa hay, 30 percent dried beet pulp, 15 per-
cent cracked yellow corn, 15 percent rolled barley, and
15 percent soy bean meal. Percentage figures are by
weight. Total digestible nutrients per pound of feed
were calculated by Ingells (14), 1948, Salt was fed ad
libitum between 8 a.m. and 5 p.m.

One thousand pounds of the mix was prepared at
a time and thoroughly mixed in a vertical auger type

mixer for twenty minutes.

Len of feeding period

There was a difference in length of time on
feed varying between 173 and 212 days for the reason it
was desired that all animals grade high good or better
before being slaughtered.

Problems encountered

Two steers were eliminated from the experiment

because of constant bloating. One of these was a con-~
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ventional type steer and the other a comprest type. All
cases of footrot were treated by veterinarians with 50
grams of Sodium-Sulfathiazole intravenously. Most
symptoms disappeared within twenty-four hours after
treatment.

Feeder steer measurements used were actually
taken one month after the steers had been on feed due
to lack of some specilalized measuring equipment the
first time of measuring.

1948-49 Fattening Period

Arrival of calves

The calves arrived at Fort Collins, DPecember
7, 1948, by truck. All calves contracted shipping
fever, conseguently they were not put on feed until it

had been checked.

Ration

The steers were put on feed December 17, 1948.
Four slightly different rations were fed during the
growth-fattening period. The percent of the ration by
weight for the different feeds are as follows:
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Feeds o/o by Weight in Ration

ment.

Two steers were eliminated from the experi-

the growth-fattening period.

Length of feeding period

There was a difference in length of time on

Problems encountered

good before beilng slaughtered.

picture of a growth-fattening period.

semichronic bloater was left in the experiment.

Rolled | Oracked| Dried |Soy |Alfalfa | Mola-
Barley | Yellow | Beet |[Bean sees
Corn | Pulp |01l
02/17/48 to
2/25/49 13.99 13.99 27,97 | 13.99| 23.31 6.76
22;5/49 to
8/49 12.50 12.50 25.00 | 10.00] 40,00 0.00
4/8/49 to
5/6/49 12.16 12.16 24,32 | 12.16] 35.31 5.88
5/6/49 to
8/14/49 15,00 15.00_4: 30.00 | 15.00] 25.00 0.00
e — e e e

Salt was fed ad libitum from 8 a.m. to 5 p.m. throughout

feed varying from 151 to 241 days for the reason 1t was
desired that all animals have a slaughter grade of high

One died early in the period from impaction.
other was eliminated because, as a chronic bloater it was
thought that his record would not present a reasonable

Another steer, a

were several cases of bloat in the early part of the

experiment but most of it was eliminated when the percent

There

The
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]
of concentrates in the ration was changed. One steer was
lame for a short time as a result of an accident while

dipping for lice. One steer had coccldiosis two differ-

ent times and one steer had scours once.

Method of analysis

Using all nineteen body measurements and the
ratios as listed, line graphs have been made to be used
a8 an aid in showing the differences in types and years.
For those data where line graphs would have falled to
reveal much, tables have been used.

For certain selected measurements and charac-
teristics, correlation coefficients have been calculated
in accordance with Snedecor (25), 1946,

Covariance analyses have been calculated,
using as the dependent variable those characteristics

which seem to be of paramount interest in this study.
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Chapter IV
ANALYSIS OF DATA

Differences iln measurements

During the two years that measurements were
taken on the steers in this study there were only four
months, February, March, April, and May, in which meas-
urements were taken on all steers 6n feed both years. The
day the measurements were taken in February, 1948, the
steers on feed had an average age of 245 days. The day
the measurements were taken in February, 1949, the steers
on feed had an average age of 257 days.

All nineteen body measurements, as well as one
calculated measurement, and ratios of certain of these
measurements were averaged individually by types and by
seasons for each of the four months previously mentioned.
The averagea.of ratios will be shown later. The averages
of all measurements, including the calculated measurementq
are summarized on line charts numbered 1 through 5.

Chart la shows very little difference in cir-
cumference of muzzle between types. The conventlonal

type steers have slightly larger muzzles. There is a
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difference of about three centimeters for this measure-
ment between years. |

For the year 1948, as shown on chart lb, con-
ventional type steers have longer heads by approximately
two centimeters. However, in 1949, although the conven=-
tional type steers had longer heads, the difference was
only about one-half centimeter. The measurements of
width of head for the 1948 steers, as shown on chart le,
indicates that the conventional type steers were wider
than the comprest type steers for each of the four mohths
compared. The 1949 measurements were inconsistent in
differences between the two types, but 1in general were
similar to those differences between the two types for
1948.

Charts 1d, wither height, and 2a, hip height,
show thet the two measurements are very similar both in
actual measurement and the increase during the growth-
fattening period. In both instances the conventional
type steers averaged taller than the comprest steers.
There was a slightly wider spread between the two types
for the year 1948 than for 194S. In general the conven-
tional type steers are shown to average about ten centi-
meters taller than the comprest type steers.

Average height of chest, as shown by chart 2b,
is nearly six centimeters greater for the conventional

type steers than for the comprest type each of the two
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years compared. There was a general increase in helght
of chest from the ground throughout the four months
considered.

Average differences in length of cannon bone
are shown in chart 2c. There 1s a definite difference
between types of about three centimeters for all four
months compared. The 1949 measurements do not show as
uniform an increase for the four month period as do those
for 1948,

Chart 24 shows that the differences in circum-
ference of cannon bone between types were uniform through-
out the four months that measurements were taken each
year. However, in 1948 the circumference of cannon bone
for the conventlonal type steers averaged about one
centimeter larger than for the comprest steers while in
1949 the average difference was approximately one-tenth
of a centimeter.

Depth of chest was calculated by subtracting
height of chest from wither height. The results are
summarized on chart 3a. The conventlonal type steers
were deeper in the chest during both years, the spread
being sbout four centimeters in 1948 and about one centl-
meter in 1949.

Chart 3b shows the relative measurements of
width of chest. In 1948 the conventional type steers

averaged about three centimeters wlder than the comprest
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type steers whlle in 1949 there was a certain amount of
overlapping of this measurement,-the two types belng very
close together.

Chart 3¢ shows very little difference between
types for circumference of heart girth in 1949 with some
overlapping of the two types. However, the 1948 measure-
ments show a difference of about five centimeters, con-
ventional type steers having the largest circumference of
heart girth. The increase 1s gradual for both types
both years.

As shown by chart 3d, width of loin was about
one centimeter greater for the conventional type steers
each year. There was some overlapping of this measure-
ment for the two types between years.

The average measurement of width at hooks, as
shown by chart 4a, i1s about two and one-half centimeters
greater for the conventional type steers than for the
comprest type while in 1949 the difference was only about
one and one-half centimeters.

Chart 4b shows a rather erratic plcture of
month by month pelvis width measurements. The differ-
ences between types are uniform throughout the four
months but do not show a steady increase or decrease.
No plausible explanation for this 1s offered.

Chart 4c, circumference of paunch, and 4d,

circumference of flank, show a larger difference between
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types for 1948 than for 1949 and a certaln amount of
overlapping between years. The average differences de-
monstrated between types in 1948 were about eight centi-
meters while in 1949 the average differences were
approximately three centimeters. The measurements of the
conventional type steers show the larger circumference of]
paunch and the larger circumference of flank.

Chart 5a shows that the conventional type
steers were about three centimeters longer in the pelvis
than the comprest type in 1948 and about one centimeter
longer in the pelvis in 1949. There was a difference of
about one-half centimeter in this measurement for each
type between years but the difference was not consistent
for all four months.

There is a difference of about nine centi-
meters in length of body each of the two years compared
as shown on chart 5b. This difference is uniform for
each year, showing a slightly different trend for the
two years.

The measurement, point of hip (i1llium) around
the flank to pin bone (tuber ischii) was taken in an
attempt to get an indication of the relative size of the
round. The averages of these measurements as shown on
chart 5c¢ indicate that the conventional type steers in

1948 were about six centimeters larger from point to

point than the comprest type steers and in 1949 they uorj
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about four centimeters larger from point to point than
the comprest type steers.

The measurement, patella to patella, likewise
was taken to get an indication of the relative size of
the hind quarters and, indirectly, the round. The con-
ventional type steers, in 1948, as shown on chart 54,
measured about six centimeters farther from patella to
patella than did the comprest type steers. In 1949 the
spread between the two types averaged only about one
centimeter, conventional type again having the larger
measurément.

The differences between the conventional type
steers and the comprest type steers, as shown by each of
the nineteen measurements and the one calculated measure-
ment for May of the two years and the differences in
welght and age, are summarlzed in table 1. As seen in
this table, the conventional type steers are larger in
all measurements. The measurements that show difference
of flve centimeters or more are:

Wither helghtecsscccsccssscsssscecssss D3 cM,
Bip helahf..0 45 cevssoinsbpetdnssssnins 2o, O,
Circumference of paunCheiceccscecsccecsses 10,0 ecm,
Circumference of flank.c.esescscscsccses 9e3 Cile
Longth of DOAFsssssrssssassnconsrscase 9T OM
Circumference of heart glrthececceoscsee 9.0 ome

Point of 1ilium around flank to
tuher iscmi.....I...I...I.C....l.".. 7.2 cm‘




Table l.--AVERAGE DIFFERENCES BETWEEN TYPES AS SHOWN BY BODY MEASUREMENTS, WEIGHT, AND

AGE AS OF MAY 7, 1948 AND 1949

Differ-

Conventional Type Comprest Type ences
Range Aver- Range  [Aver-
age age
Age in days 334.0-385.0 359.9 334.0-374.01358.0 1.7
Welght in pounds 490,0-900,0 | 713.0 | 490.0-685 600.0 |113.0
Measurements in centimeters:
1. Circumference of muzzle 42,0~ 50,2 45,0 40,5~ 47,3| 43.5 1.5
3. Length Of head 58.8" 44.5 41.5 38.3" 42.0 3908 107
3. Width of head 19.0- 22.0 20,4 19.0- 21 20.1 0.3
4, Wither height * 99,5-114.5 | 107.4 93.3-104.0| 98.1 9.3
5. Hip height * 106.0-125.3 | 113.1 95.0-108.51102.1 11,0
6. Height Of Ghest * 48.0- 55.5 50.8 41.5"' 49.0 44.9 5.9
7. Length of cannon bone * 20.0- 24.0 21.9 18,0~ 20,3| 19.2 2.7
8. Circumference of cannon bone 17.1- 20,0 18.5 17.0- 19,1} 17.9 0.6
9. Depth of chest 50.5- 62.5 56.6 49,5~ 57.0] 53.2 3.4
10. Width of chest 3l.0- 43.0 39.2 32.5- 40.5]| 37.4 1.8
11, Circumference of heart girth |144.8-176.5| 161.9 | 139.7-162.6{153.0 8.9
13. Width at hooks 35.0= 45,0 41.1 37.0- 41.5( 39,0 2.1
14, Pelvis width 31.0=- 42,0 37.6 32.5- 38.5] 36.3 1.3
15, Clircumference of paunch 169.5-215.3 | 191.3 | 163.2-197.5|181.3 10.0
16, Circumference of flank 146,7-174.5 | 162.6 | 146,5-163.8|153.3 9.3
17. Length of pelvis 38.0=- 46.5 42.4 37.5-42 .0] 39.8 2.6
18. Length of body 107.0-135.3 | 1l24.8 | 101.5-121.5{115.1 9.7
18. Point of ilium around flank
to tuber ischii 100,7-126.0 | 113.3 99.5-113.0|106.1 7.2
20. Patella to patella 82.6-105.8 95.9 86.0-113.0] 90.3 5.6

* Very little overlapping between ﬁypea
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Helght of cheBlecssscsscesessnocncscnnses o9 OM,
Patella to Patella.csseassssoscsnassnsss D ONe

The measurements that show less than one centi-
meter difference are:

WIGLR of ROl s ssnvnsvvsiennssnnsvesss Oad Ole

Circumference of cannon boN€eescsesesess 0.7 cm,
All other measurements show differences of from one to
five centimeters between the two types of steers.

Table 1 also shows the range in size for each
measurement for the two types of steers being compared.
There is some overlapping of individual measurements be-
tween types for each of the twenty measurements consider-
ed.

The measurements showing the smallest amount
of overlapping between the two types have been singled
out and are:

a. Length of cannon bone - only one conven-
tlonal type steer shows a measurement less than 20.3
centimeters, the largest measurement of length of cannon
bone for the comprest type steers. Only two of the com-
prest type steers show a length of cannon bone higher
than 20.0, the lowest of these measurements for the
conventlional type steers.

b. Height of chest - only three conventional
type steers show a height of chest lower than 49.0
centimeters, the greatest height of chest shown for the
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comprest type steers. Only one comprest type steer shows
a helght of chest greater than 48.0 centimeters, the
emallest height of chest shown for the conventlonal type
steers.

c. Hip helght - only five conventional type
steers show a hip height less than 108.5 centimeters,
the hip height of the comprest type steer measuring the
tallest at the hips. Only three of the comprest type
steers are taller at the hips than 106.0 centimeters,
the shortest hip height shown by the conventlional type
steers.

d. Wither height - there are four convention-
al type steers that show a wither height less than
104.0 centimeters, the tallest wither height shown for
the comprest type steers. Eight comprest type steers
show wither heights of higher than 99.5 centimeters, the
shortest wither height for the conventional type steers.

Most of the so called skeletal measurements
show very little overlapping between the two types of
steers for any one year, the overlapping that is shown
being mostly between years. All other measurements show
more overlapping between types than is demonstrated by

the previously mentioned four skeletal measurements.
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tive ¢ e in measurements a8 an indication of
comparative growEE _

In order to see the relative increase in each

measurement during the four months considered, the ratio
of the average measurement in May to the average measure-
ment in February for each type each year have been calcu-
lated for each measurement. These ratlos have been
summarized in table 2. In this table the largest ratios
indicate the measurements with the greatest increase or
growth from February to May. The largest relative in-
crease in size of measurement for both types 1s shown by
width of loin, followed closely by circumference of
heart girth and width at hooks. In comparing the average
growth ratio of the two years for the conventional type
steers to the average growth ratio for the comprest type
steers 1t can be seen that there is very little differ-
ence in the relative growth, the greatest difference
being only .03 and that difference is shown for only one
ratio. There are four other ratios that show a differ-
ence of .02 while the remaining fifteen ratios show a
difference of .0l or less. Three measurements, length of
head, circumference of heart girth and pelvis width show
slightly larger ratios for the comprest steers than for
the conventional type; six measurements show the same
relative increase and the other eleven all show slightly

higher relative increases for the conventlional type




Table 2.-- RELATIVE INCREASE IN BODY MEASUREMENTS FROM FEBRUARY TO MAY

RATIO OF MAY MEASUREMENT
FEBRUARY MEASUREMENT
Conventional Comprest
Measurement 48 194
l. Circumference of muzzle 1.191 1.048 1.12 1.173 1.044 3.d11
2. Length of head 1101 1.063 1.08 1.100 1.072 1.09
3. Width of head 1.093 | 1.041 1.07 1.102 | 1.030 | 1.07
4, Wither height 1,086 { 1.080 | 1.08 1.079 1.072 | 1.08
5. Hip height 1.072 1.07% 1.07 1.086 1.062 1.06
6., Height of chest 1.071 | 1.047 | 1,06 1.058 | 1.043 | 1.05
7. Length of cannon bone 1.066 | 1.055 | 1.06 1.065 | 1.045 | 1.08
8. Circumference of cannon bone 1.111 | 1.043 | 1.08 1.130 | 1.036 | 1.08
9. Depth of chest 1.099 1.1128 3 78 2 & 1.089 1.0098 1.09
10. Width of chest 1.186 { 1.113{ 1.15 1.182 | 1.086 | 1.13
11. Circumference of heart girth 1.170 § 1.145 | 1.16 1.161 | 1.121 | 1.14
12. Width of loin l.248 | 1.187 | 1.21 1.2856 1 1.180 | 1.20
13. Width at hooks 1.203 | 1.162 | 1l.18 1,210 |1 1.134 | 1.17
14, Pelvis width 1,106 | 1.016 ] 1.06 1.134 | 1,022 1 1.07
16. Circumference of paunch 1.214 | 1.149 | 1.18 1.199 | 1.095 | 1.15
16, Circumference of flank 1.191 1.137 1.16 y e B p B B2 4 ¢
17. Length of pelvis 1:101 | 1,161} 1.10 1.091 | 1.109 | 1.10
18. Length of body 1.132 | 1.0656 ) 1.09 1,128 | 1,058 | 1,09
19. Point of 1llium around  flank
to tuber ischii 1.389% 1 1,028 1 1,186 1.206 } 1.109 | 1.16
20. Patella to patella 1.084 | 1.101 ) 1.09 1.073 | 1.096 | 1.08

(835




6]

steers. The greatest difference in ratios is shown for
each type between years, this difference ranging up to
.143 as shown by the conventlonal type steer ratio for
circumference of muzzle. Most of the other ratios show
much smaller differences between years.

The steers are approximately the same age
but as table 1 shows, there 1s a difference of 113
pounds in weight.

Type differences in ratios of selected measurements
The averages by types and years of all ratios

of measurements calculated are summarized on tables 3
and 4.

Table 3a shows the aversges of the ratlio of
the patella to patella measurement to wither height.

The greatest change in this ratio for the four months
was only .02 as demonstrated by the 1949 steers, and the
greatest difference between types was only .04,

The ratio of width of head to length of head
as shown in table 3b 1s very similar to the ratio pre-
viously mentioned in that there is practically no change
in the ratio from one month to the next and practically
no difference demonstrated between types or between
years.

The width of chest to wither height ratilo
averages are shown in table 3c. There is conslderable

overlapping both between types and between years and




Table 3.-= RATIOS OF SELECTED BODY MEASUREMENTS FOR A FOUR MONTH COMPARISON PERIOD

(a) ._-Patella to Patella (b) Width of Head
Hither Hetght Tanetn of Veei

Type Feb. Mar. Apr. May Feb. Mar, Apr. May
Conventional 1948 0.90 0.90 0.89 0.90 0.50 0.50 0.50 |[0.49
Conventional 1949 0.87 0.88 0.88 0.89 0.50 0.50 0.50 |0.49
Comprest 1948 0.91 0.91 0.89 0.91 0.51 0.52 0.51 |0.52
Comprest 1949 0.91 0.91 0.92 0.93 || 0.52 0.50 0.49 | 0.50
(e) Width of Chest r(a) We-i@t

Wither height ither Height

Type Feb. Mar. Apr. May Feb. Mar, Apr. May
Conventional 1948 0.35 0, 36 0.36 0. 38 5.20 5.61 6.41 | 6.88
Conventional 1949 0.34 0, 36 0.33 0.35 5.14 5.57 5.95 | 6.31
Comprest 1948 0. 36 0.37 0. 36 0.39 4,58 4,84 5.47 5.98
Comprest 1949 0. 37 0. 38 0.38 0. 37 4,98 5.35 5.77 | 6.10

19



Table 4.-= RATIOS OF SELECTED BODY MEASUREMENTS FOR A FOUR MONTH COMPARISON PERIOD

(a)

Length of Body (b} Circumference of Heart Girth
ither Height ither Helght
Type Feb. Mar. Apr. May Feb. Mar. Apr, May
Conventional 1948 1.14 1.15 1.15 1.19 1.39 1.46 1.48 1.50C
Conventional 1949 1.16 1.17 1.16 1.13 1.43 1.45 1.48 |1l.B1
Comprest 1948 1.16 1.15 1.15 1.22 1l.44 1.49 1.47 |1.66
Comprest 1949 1.15 1.16 1.18 1.13 1.49 1.51 1.58 |1.56
(e) Depth of Chest (a) Depth of Chest
Length of Cannon Bone Wither Height
Type Feb. Mar, Apr. May Feb. Mar. | Apr. | May
Conventional 1948 2.563 2.55 2.80 2.€61 .52 .52 52 «53
Conventional 1949 2.42 2.46 2.82 2.566 .51 .51 .51 .52
Comprest 1948 2.70 2.67 2.75 2.79 .54 .53 .53 «S4
Comprest 1949 2.63 2.67 2.77 2.76 «83 «853 .54 .54

9

<
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there 18 no consistent increase or decrease in thils
ratio.

The ratio, welght to wither height, in table
3d, demonstrates a consistent increase for the four
months compared for both types both years. The average
differences between types are certain but not large.
The conventional type steers show the larger ratilo.

The ratlo, length of body to wither height,
is shown in table 4a. This ratlio is erratic in both
increase and decrease but not pronounced in either.
There 1g considerable overlapping between types as well
as between years.

According to table 4b, the comprest type
steers showed a higher ratio of clrcumference of heart
girth to wither height than did the conventional type
steers. There was a consistent increase in this ratio
for both types for each month that it was compared for
the two years.

The ratio of depth of chest to length of
cannon bone is shown in table 4c¢. This ratio was larger
for the comprest type steers than for the conventional
type each of the two years compared, although the diffenr
ences were not great.

Table 44 shows the ratio of depth of chest
to wither height to be greater for the comprest type

steers each year.
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The average differences between types as shown by
the elght ratios are summarized in table 5. One of the
ratios, length of body to wither height, shows an equal
value for the two types of steers. With the exception of
one of the remaining ratios, welght to wlther height, the
values are larger for the comprest type steers than for
the conventional type. This indicates that on the aver-
age the comprest type steers are deeper in the chest in
relation to length of cannon bone and in relation to
wither heilght than the conventional type steers. They
are also slightly wider in the chest and slightly larger
around the heart girth in relation to wither height. In
addition the comprest steers are slightly larger in the
hind quarters in relation to wither height and slightly
wider in the head in relation to length of head.

Correlation and regression studies

Correlations between selected observations
were calculated from the different classes and subclasses|
in covariance analyses. This made 1t possible to check
the manner in which two variables were correlated in the
total sample of fifty seven steers and what effect re-
moving the influence of seasons, types, and sires had on
the correlation between the varlables.

Thus, variance and covarlance studles on

measurements, ratios of measurements, grades, rate of

gain, and total digestible nutrients per pound of gain
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Table 5.-—-FOUR MONTH AVERAGE DIFFERENCES BETWEEN TYPES
AS SHOWN BY RATIOS OF SELECTED BODY MEASUREMENTS.

Two year average

Conven- Differ-
Ratio tional Comprest ences
Patella to patella
ither height .89 .91 .02
Width of head
Tength of Toad «50 .51 .01
Width of chest
.35 37 . 02
Wither helight S

Welght
ither height 5.88 5.38 . 5O%

Length of body 3 \ 5
Wither height L e 1 o

Ci erence of heart girth ’ +0
TR T 1.46 1.82 6
Depth o est 0
ength of cannon bone "l RarH ¥
Depth of ches

T T «53 .54 .01

* Conventional type steers have the larger ratio.
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were broken down into the following categories:

a. Totals

b. Between seasons

c. Within seasons

d. Between types within seasons

e. Within types within seasons

f. Between sires within types within seasons

g Within sires within types within seasons

These correlation studies were not made be-
tween all combinations of the various measurements be-
cause of the large possible number. Certaln measure-
ments are frequently considered to be indicative of feed-
ing performance. The measurements used were selected
largely from those measurements, Circumference of muzzle
circumference of cannon bone, and wldth of chest especl-
ally fall in thls category. The other three, circum-
ference of paunch, wither height, and length of body,
sometimes thought to be assoclated with good feeding
qualities, were selected because of thelr possible in-
fluence on the capaclty of the digestive organs, and
hence, possibly feed lot performance.

The correlations between these measurements
and two possibly dependent variables, total digestible
nutrients per pound of gain and dally rate of gain in
weight, are shown in tables 6 and 7.

As an example of the interpretation of these




Table 6.,--CORRELATIONS BETWEEN TOTAL DIGESTIBLE NUTRIENTS (T.D.N.) PER POUND OF GAIN
AND SIX INITIAL BODY MEASUREMENTS OF FEEDER STEER CALVES.
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Table 7.-- CORRELATIONS BETWEEN DAILY RATE OF GAIN IN WEIGHT AND SIX INITIAL BODY
MEASUREMENTS OF FEEDER STEER CALVES
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types within seasons ;4 + 26 « 57 .24 + 68 254 226
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tables the correlations between total digestible nutri-
ents per pound of gain and the feeder calf measurement,
width of chest, will be dlscussed.

a. Totals - the correlation of .61 is highly
significant. This means that, for the entire population
of fifty-seven steers, on the average the ones that are
wider in the chest tend to have a higher feed require-
ment per pound of gain.

b. DBetween seasons - this correlation is
unity since only two seasons are being compared.

¢c. Within seasons - the correlation here of
+64 is highly significant. Elimination of the effect of
secasons has had a slight but positive effect on this
correlation. Agaln 1t means that on the average, the
steers that are wider in chest tend to have a higher feed

requirement per pound of gain.

d. Between types within seasons - there 1s a
very low, nonsigniflicant correlation here which means
that between types each year there apparently is very
little tendency for the feed requirement per pound of
galn to be larger for those with wider chests. Comprest
steers while not so wide as conventional type, have
in thls case gbout the same feed requirements per unit
of gain.

e. Within types within seasons - here, within

a type, there is a still slightly greater tendency, as




70

shown by a correlation of .71, for the steers wilder in
chest to have a greater feed requirement per pound of
gain.

f. DBetween sires within types within seasons -
the relatively high correlation of .55 for thils category
1s not significant since there are only seven degrees of
freedom.

gs Within sires within types within seasons -
the highest correlation, .76, for the seven categories is
shown here and is highly significant. This means that,
in a population consisting of progeny from one sire and
of the same type classification, there is a general
tendency for the steers with wider chests to have a
slightly higher feed requirement per pound of gain,
in other words, to be less efficient.

Table 7 indicates that the correlations be-
tween rate of gain in welght and body measurements are
low and insignificant for populations of feeder steer
calves in which season, type, and sire effects are held
constant. On the other hand, table 6 shows the feed
requirements per unit of gain are very closely correla-
ted with width of chest. The other highly significant
correlations were those between total digestible nutri-
ents per pound of gain and length of body, circumference
of cannon bone, circumference of paunch, and wlther

height. All showing that smaller initial measurements
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were assoclated with greater efficiency in feed utiliza-
tion.

Table 8 shows correlations between certain
ratios and the two possibly dependent variables previous-
ly mentioned. These ratios were selected as examples of
some relationships of width to height or length, and
depth of body to length of leg representing proportions
frequently considered to be indicative of feeding per-

formance. The ratlios used are:
a. Weight
ither height
b. ¥idth of head
ength of head
c. ¥idth of cheet
ither height
d. Depth of chest
ength of cannon bone
This table i1s used in the same masnner as was exemplified
for width of chest with total digestible nutrients per
pound of gain. In each of the seven categories, corre-
lations between total digestible nutrients per pound of
galn and the ratio, width of head to length of head,
fall to show significance. This indicates that the re-
lation of head width to head length 1s not necessarily
an indication of future efficlenmcy in the feed lot.
When season, type, and sire effects are held constant,

total digestible nutrients per pound of galn correlated
with the three ratios, weight to wither height, width of




Table 8.-- CORRELATIONS OF TOTAL DIGESTIBLE NUTRIENTS (T.D.N.) PER POUND OF GAIN AND
RATE OF GAIN IN WEIGHT WITH SELECTED RATIOS OF FEEDER STEER CALF MEASUREMENTS
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chest to wlther height, and depth of chest to length of
cannon bone, shows significance in gll cases., These
correlations indicate that the steers that are wider and
heavier in relation to height and deeper bodied in rela-
tion to length of leg tend to have a higher feed re-
quirement per unit gein in weight. However, considering
daily rate of gain in weight with each of these four
ratios in the same table shows significance within each
sire group only with the ratio, width of chest to wither
height, and then only at the .05 level. Dally rate of
galn in welght correlated with the ratlio, weight to
wither height does not show any significance in any of
the seven categories, although the other three ratlos
show significance at the .0l level for totals and for
within seasons. This indicates that in general there
may be a tendency for steers that are wider in relation
to helight, deeper bodied in relatlon to length of leg,
and that have a wider head in relation to length of
head to have a slower rate of galn than those that are
narrower in relation to height, shallower bodied in
relation to length of leg, and that have a narrower
head in relation to length of head. However, when the
effect of types and of seasons 1s removed, the only
significant correlation at the .05 level 1s between
dailly rate of gain in weight and the ratlo, wldth of
chest to wither helight.
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Table 9 shows that when season, type, and sire
effects are held constant there is a highly significant
correlation between length of body and length of carcass
from first rib to pelvic bone; the same is true for the
measurement patella to patella with the carcass
measurement, area of rib eye muscle; likewlse, the same
1s true for slaughter grade of fat with the actual

measurement of fat over the rib.

Use of regression coefficients

The significance and size of some of the

correlations between measurements or ratlos of measure-
ments and total digestible nutrients per pound of gain
or dally rate of galn make 1t appear that some of these
initial measurements may be useful for indlicating
future feed lot performance.

Regression coefficients have been calculated
in order that prediction equations may be developed.
These are summarized in tables 10 and 11, having been
developed from the covariance analyses as seen 1in the
appendix.

The regression coefficient for a sample of
palred variates represents an increase expected in Y
for a gilven increase in X. Thus, using table 10, it
can be seen that .13 pound 1s an estimate of the average

increase in total digestible nutrients per pound of

gain in welight with an increase of one centimeter in




Table 9.-= CORRELATIONS OF CARCASS MEASUREMENTS WITH FAT STEER BODY MEASUREMENTS AND
SLAUGHTER GRADE.
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Table 10,--REGRESSION COEFFICIENTS FOR PREDICTING FEED LOT PERFORMANCE FROM INITIAL

FEEDER CALF MEASUREMENTS

—

R

Dependent Variable

Total digestible
nutrients per lb. gain

Dally rate of
gain in weight

Experimental Mean

4,98 2.00
Regression | Standard Error | Regression Standard Error
Coefficient | of Estimate Coefficient of Estimate
Cilrcumference of muzzle .06 1lb. . 06 .01 1b. P &
Circumference of cannon
bone «21 1b. .4 .02 1b. ol -
Circumference of paunch .02 1b. « 35 .00 £ 1b. 0
Wither height .04 1b. 1) +0L ‘1bs s 18
Length Df body 005 lbo e 30 000 # lbo .17
Weight o
Wither HSight .43 1b. .30 .02 1b. 1
Width of head
ength of head 3.98 1b. s OT .40 1b. o Ly g
Width of chest -
m .67 1b. .35 3.14 1b. .16
Depth of chest




Table 11.--REGRESSION COEFFICIENTS FOR PREDICTING CARCASS MEASUREMENTS FROM OBSERVA-
TIONS AND MEASUREMENTS OF LIVE SLAUGHTER STEERS.

Dependent Variable

Length from first

Area of rib eye

ridb to pelvic bone muscle Fat over rib
Experimental Mean 121.91 55,07 «28
Regres - |Standard | Regres- |8tandard | Regres- |Standard
slon Co- [Error of | sion 00- |Error of | sion Co- |Error of
efficient |Estimate efficlent [Estimate | efficient | Estimate
Length of body .57 om. 2.38
Width of loin .62 8q. 5.22
Che.
Patella to patella 74 8qQ. 4,78
Chle
Slaughter grade of loin -2.80 8q. 5.26
Cme.
Slaughter grade of round +45 8aq. 5.30
cm,
Slaughter grade, thick-
ness of fat .62 om. . 28

L,
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width of chest,

Multiple regressions were not run since the
correlations throughout the study were generally low,
thus indicating that dispersion of the variates about
the estimated average would be quite wide. Likewise,
knowledge that the standard deviations for the varlates
are relatively large indicates that many of them would
fall far from the predicted average.

Variance and covariance studles,
slgnificance of differences

The effect which the total sample or
isolated segments of the sample have on correlation °
studles was presented in the preceding section. Co-
variance studles also make 1t possible to test the
statistlical significance of dlfferences 1n seasons,
types, and sires as they may affect measurements. In
addition, it 1s possible to 1solate the effeect of
variation of the dependent variable from that of the
variable upon which it mey be dependent. For example,
in table 12 it 1s observed that when rate of gain be-
tween types is adjusted for differences in each of the
six feeder steer measurements, F values are scarcely

influenced. On the other hand, differences in total




Table 12,--SIGNIFICANCE OF F VALUES FOR INITIAL MEASUREMENTS, TOTAL DIGESTIBLE
NUTRIENTS (T.D.N.) PER POUND OF GAIN, AND RATE OF GAIN BETWEEN SEASONS, TYPES AND

SIRES,
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dlgestible nutrients per pound of gain between types
have an F value that i1s not significant. However,

when the values are adjusted for differences in each of
the six measurements there 1s significance at the .05
level for cilrcumference of cannon bone and for wither
helght and significance at the .0l level for length of
body and wldth of chest. All levels of significance
from the varlance and covariance studies in this inves-

tigation are summarized in tables 12, 13, and 14.




Table 13.--SIGNIFICANCE OF F VALUES OF RATIOS OF BODY MEASUREMENTS, TOTAL DIGESTIBLE
NUTRIENTS (T.D.N.) PER POUND OF GAIN, AND RATE OF GAIN BETWEEN SEASONS, TYPES, AND
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Table l4.-- SIGNIFICANCE OF F VALUES OF SLAUGHTER STEER MEASUREMENTS AND GRADES, AND

CARCASS MEASUREMENTS AND GRADES BETWEEN SEASONS, TYPES, AND SIRES
*#% Significant at .0l. © ® o
*  Slgnificant at .05. 21 g T |8 |Bo
ns Not significant S 9 R 1Balis
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Chapter V
DISCUSSICN

The conformation of the two types of steers
differ primarily in that the conventional type steers in
all cases have a larger average measurement, for each
measurement taken in this study, than that of the com-
prest type steers. There 1s, however, a certain amount
of overlapping of certain measurements between individ-
uals of the two types. ©Some measurements show much more
overlapping between types than other measurements. Be-
cause of this overlapping of measurements between the
two types no clean cut differentiation of the two types
has been found for any measurement or ratio of measure-
ments. However, it seems reasonable to believe that a
certain size selected measurement, or combination of se-
lected measurements, could be designated as a dividing
line between conventlional type Hereford steers and the
comprest type Hereford steers. Some of the so-called
skeletal measurements would probably be of more value in
this respect than those measurements usually thought of
a8 fleshy measurements.

Some of the more interesting skeletal measure-

mente from the standpoint of differentiating the two
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types are length of cannon bone, height of chest, hip
height, and wither height. In order to accurately dis-
tinguish between the two types with the use of a single
measurement or simple combination of measurements 1t
appears that the differentiation should be made when
each animal becomes a certain standard age.

It appears from this study, as shown by table
1l, that comprest steers of about twelve months of age
seldom exceed 20.1 centimeters in length of cannon bone,
and more typleally average 19.2 centimeters, whereas the
conventionasl type steers secldom measure less than 20.1
centimeters in length of cannon bone and more typically
average 21.2 centimeters. The next most accurate
measurement from the standpoint of differentlating the
two types of steers appears to be height of chest from
the ground. For steers that are about twelve months of
age, 48.5 centimeters seems to be the helght of chest
that separates the two types of steers with but very
little overlapping of this measurement., The average
helght of chest for the conventional type of steers 1s
about 50.8 centimeters and for the comprest type steers
is about 44.92 centimeters. For hip height the smallest
amount of overlapping between the two types of steers
seems to be at about 107.3 centimeters, whlle for wlther
height the smallest amount of overlapping is at 101l.8

centimeters.
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In view of this it would seem that if a twelve
month old steer has a cannon bone length that is less
than 20.1 centimeters the probability that it is of the
comprest type is very great, while if this steer has a
cannon bone length that i1s greater than 20.1 centimeters
the steer is probably of the conventional type. If the
four messurements, length of cannon bone, height of
chest, hip height, and wither height are taken on a
twelve month old steer and all four, or at least three
of the four, measurements are less than the differentla-
ting measurement set down above one would be more sure
that the steer is of the comprest type. Conversely, if
all, or at least three of the four, measurements are
greater than the differentiating measurement one would
be more sure that the steer is of the conventional type.

Although the definition of "comprest", Ingalls
(14), 1948, says that they appear "shorter in head, neck,
body, and legs than the conventionsl type Herefords" the
term "comprest" infers that they are also shorter in
these respects in relation to height. Table 11 shows
that the comprest type steers have a slightly wider
average head width in relation to length of head; they
average slightly wider and deeper in the chest in rela-
tion to wither height and slightly larger in circum-
ference of heart girth in relation to wither height;

they also average slightly deeper in the chest in rela-
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tion to length of cannon bone and slightly larger in the
hind quarters than do the conventlonal type Hereford
steers. However, when the ratio, welght to wither
height, is considered, the opposite relationship prevallg

Since the ratlios of measurements to wither
height show the comprest type steers to average slightly
wider and deeper in relation to height than the conven-
tional type steers, one would expect them to average
slightly heavier in relation to wither height. However,
as shown by the ratio of weight to wither height, this
is not true. The conventlional type steers are heavier
in relation to wither height than the comprest type
steers. The following explanation of this 1s offered:

First it must be realized that mass (weight)
is dependent on more than one measurement, and that mass
for materlal of a glven density 1s dependent on volume.
Then 1t can be seen that:

¥ £ D - Mass (weight)

and
v = lwad
where V = volume
1 = length
w = width
a = depth
D - density

Then, assuming that density 1s approximately equal for
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the two types of steers ( to the thousandth part per
cuble centimeter) they can be compared on the basis of
estimated volume.
For the sake of comparison then
Estimated V = lw d
where
1l = length of body
W m wlidth of chest

d = depth of chest
Substituting average measurements for the conventional

type steers, found in table 1, in the above formula
Estimated V = (124.8) (39.2) (56.5)

= 276886.26 cublc centi-
meters

Then the ratio of estimated volume of the conventional
type steers to wither height is
estimated V = 276896.26 =
Vieaelly = SR = 20782

Substituting average measurements for the comprest type

steers, found in table 1, in the same formula

Estimated V = (115.1) (37.4) (53.2)
= 229012.17
Then the ratio of estimated volume of the comprest type
steers to wither helght is
A v MR o e
Thus it can be seen that the ratio of estimated volume

to wither helght for the conventional type steers 1is
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greater than the ratio of estimated volume to wither
height for the comprest type steers. Because of this
relationship 1t would be expected (assuming density to
be approximately equal for the two types) that the con-
ventional type steers would be heavier per unit height
than the comprest type steers.

This comparison actually shows approximately
the same relationship between types as 1is shown by the
relationship of weight to wither height. For example,
the ratio of weight to wither helght for the conven-
tional type steers as shown in table 5 1s 5.88, or 1.09
times as great as 5.38, the value of the same ratio for
the comprest type steers. In harmony with this the
ratio of estimated volume to wither height for the con-
ventional type steers has a value of 2578.2 which is
1.10 times greater than 2334.4, the value of the same
ratio for the comprest type steers. The difference of
«01 as shown here could be due to sampling error, the
fact that the bodies are not exactly rectangular, the
fact that the head, neck, legs, and tall are not in-
cluded in the measurements of the body, possible human
error in the experiment, or perhaps because ofa difference
in density of the steers' bodles or even a combination
of two or more of these possibllities.

On the basis of this explanatlon perhaps a

ratio of a single linear measurement to wither height
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for the two types of steers compared to the ratio of
welght to wither height for the two types 1s not a fair
comparison sgince welght 1s more nearly proportional to
the product of three linear dimensions, hence a cubical
measurement, than to a single linear dimension.

It must be remembered that the equations used
above were based on linear measurements which represent
the steers as cublcal in shape which, of course, 1is not
the case. The results are merely computed figures cal-
culated for the sole purpose of arriving at some means
of comparing the relative weights and volumes of comprest
type Hereford steers to those of the conventional type
of steers. These equations are.applicable only to a
comparison such as this and then only 1f the animals are
of a nearly equal physiological age and have had a
similar environmental background.

This, then, indicates that perhaps the popular
opinion among livestock men that cattle that are lower
set, blockier, more compact, and thicker are heavier
in relation to height, may not always be true. It does
not indicate anything specific concerning actual
denslty of the steers' bodies.

Most measurements taken on these feeder steers
do not appear to be a very accurate guide to either

daily rate of gain in weight or total digestible
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nutrients per pound of gain. Thils 1s true since the
assoclation of body measurements wlth daily rate of gain
in weight and feed requirements per pound of gain is in
general low. However, the slignificant correlations be-
tween total digestible nutrients per pound of gain and
five body measurements, circumference of cannon bone,
eircumference of paunch, wither height, length of body,
and width of chest indilcate that in general the steers
that are narrower and shallower bodled, shorter in height,
shorter in body, smaller around the paunch, and that
have a smaller circumference of cannon bone tend to have
a lower feed requirement per pound of gain than those
steers that are wlder and deeper bodied, taller, longer
in body, and that have a larger circumference of cannon
bone. This 1s in agreement with Black, Knapp, and Cook
(2), 1938. This is further substantizted by similar re-
gults for the correlations of ratios of body measurement s
wlth total digestible nutrients per pound of gain. Es-
peclally this is true for the ratio weight to wither
height, indicating that the narrower, shallower bodied
steers tend to be more efficient converters of feed into

body weight.
The regression coefficlients in tables 10 and

11 can be used in regression equations to estimate
future average requirements per unit gain in weight for

feeder steers but since standard errors of estimate of

the varlates are relatively large and most of the corre-
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lations of body measurements are relatively small or
very small the dispersion of the characteristics about
the predicted average would be so great that nothing
more than a tendency of the average can be successfully
estimated. Considering the whole sample of cattle
there was a tendenecy for the steers that were longer in
body, taller at the withers, and that had a larger cir-
cumference of cannon bone to be more rapid gainers than
those that were shorter in body, shorter at the withers,
and that had a smaller circumference of cannon bone.
However, contrary to this and the findings of Lush (20),
1932, after the effect of season, type and sire were
removed no significant correlations between dally rate
of gain in weight and any of the body measurements
considered were found. This indicates that perhaps the
common opinion among livestock men that body 'size and
proportion is an indication of future gaining capaclty
in the feed lot is not well founded.

Analysis of the data in this study shows
that there 1s more assocliation between the size of the
hind quarters of feeder steers and circumference of rib
eye muscle at the end of the fattening period than
there is between the slaughter grade given the hind
quarters and circumference of the rib eye muscle. This
1s as might be expected since 1t seems loglcal to
assume that if an animal 1s heavily muscled in one part
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of the body he would be in the other parts of the body,
too. It indicates that a feeder steer that will develop
a carcass that will yield a higher proportion of lean
meat 1s one that is heavily muscled. Likewise, there
was, as expected, a falrly close association between
slaughter grade of thickness of fat on the carcass and

the actual thilckness of fat over the rib.

Suggestions for further study
The relatively high correlation of total

digestible nutrients per pound of gain in weight with
width of chest as well as significant correlations with
other body measurements is sufficlently informative to
warrant further study along these lines. Perhaps some-
thing could be gained by making multiple correlation
studies with some of the more interesting measurements
from this standpoint. There also may be other measure-
ments equally informative.

The fact that the comprest type steers show
higher ratios of width and depth of body to wither
height than the conventional type but that the conven-
tional type steers show a higher ratio for welght to
wither height is very interesting and appears to warranti
further study. Perhaps something could be learned about
this 1f comparisons of the two types of steers were made

at periodic intervals from weaning age or younger, to

slaughter age,
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The density of the two types of steers' bodles
may not be the same. The work of Washburn, et al. (31),
1948, indicates that the "compact® type of Shorthorns
have a slightly higher density of body than do the con-
ventional type. Relationships of this nature relative
to the comprest and conventional types of Herefords
appears to warrant scientific investigation.

Variations in age may have considerable influ-
ence on variations in the different body measurements,
Because of this 1t 1s suggested that perhaps a truer
plcture of the various body measurements could be presen-
ted in future studies of this nature 1f they were correc-
ted for age.

The differences shown by some measurements
appear to warrant further study, especially to ascertain
Just what the differences are due to, whether due to
skeletal differences, muscular differences, or the degree
of fatness. This 18 of particular interest in the case
of width of chest since this measurement showed a high
correlation with total digestible nutrients per pound of
gain.

It appears that specific differences between
the two types of Hereford steers would warrant further
study, especlally the skeletal measurements that might
be used in differentiating the two types. Emphasils
might well be placed along these lines on younger
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steers than were used in this study as it might be
desirable to differentiate the two types of steers very

soon after birth, or at least by weanlng age.
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Chapter VI
SUMMARY

This was a study to investigate the differ-
ences in conformation and changes in conformation of two
different types of purebred Hereford steer calves as
shown by body measurements. The interrelationships
between certain body measuremente and the feed lot effi-
clency and gaine of these steers were also investigated.

The visual method of comparing the conformation
of one animal with another lacke the obJectivity desired
for research purposes., Because of this, linear measure-
ments were used as a means of describing the two types
and to show the interrelationships mentioned above.

Large or intermediate type Herefordse, as found
in most purebred herds, have been called conventional
type and compared to comprest type of Herefords, or
those that sppear to be shorter in head, neck, body, and
legs than the conventional type Herefords.

This comparison was made during two growth-
fattening periods, using for each period all the steer
calves produced by a herd of purebred Hereford cows at

the Fort Lewis A and M College each of the two years,
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where the calves were raised to weaning age. The steers
were fattened and slaughtered at the Colorado A and M
College.

Some of the steers were sired by conventlonal
type bulls and some by comprest type bulls., All dams
were of conventional type breeding.

Nineteen body measuremente were taken and a
twentieth, depth of chest, was calculated. Twelve car-
cass measurements were taken and two carcass cut-out
measurements were used.

The largest differences in conformation were
found for the following body measurements, listed in
decreasing order:

Hip height

Circumference of paunch

Length of body

Wither height

Circumference of flank

Point of ilium around flank to tuber 1ischil

Helight of chest

Patella to patella

The smallest differences were shown by width of
head and circumference of cannon bone. The conventionall
type steers showed the larger measurement in all cases.

Four measurements, length of cannon bone,

height of chest, hip height, and wither height were
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singled out as showing the smsllest amount of overlapp-
ing of individual measurements between the two types.
Considering these four measurements, the size of measure-
ment suggested for differentiating the two types of
steers at about one year of age are summarized as
follows:

Length of cannon boné....sse 20.1 centimeters

Helght of cheSftececcccceecseas 48.5 centimeters

Hip helghtecececccccccsssecee 107,3 centimeters

Wither heightececoceecsceese 101.8 centimeters
These differentiating measurement sizes were not offer-
ed as definitely dividing the two types, rather, they
were offered as possible guldes to be used in classi-
fying twelve month old Hereford steers as to whether
they are of comprest type or of conventional type.

It was suggested that at least three of the four meas-
urements of the steers be less than the respective
differentiating measurement in order to classify a
steer as comprest type, or, greater than the differ-
entliating measurement in order to classify a steer as
conventional type.

There was very little difference between types
in the relative increase or growth in any of the meas-
urements between February and May. The largest rela-
tive increase in size of measurements for the two types

was for width of loin. Circumference of heart girth
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and wldth at hooks also showed large relative lncreases
for both types.

Conventional type steers showed the largest
average ratio of weight to wither height but the comprest
type steers showed the largest average ratio for all other
ratios considered. There was some overlapping between
typves for the two years for all but two of the seven
ratios, namely, weight to wither helght and depth of chest
to length of cannon bone.

Body measurements cannot be used as a rellable
indication of the individual steers' capacity for growth
and fattening. However, correlation studies of total
digestible nutrients per pound gain with certain body
measurements and ratios of these measurements indicated
that feeder steers that are shorter legged, shorter in
overall height, narrower in chest, shorter in body, and
smaller around the paunch tend to be more efficient in the
feed lot than those that were taller, longer in body,
wilder in chest, and larger in the paunch.

‘ In general then, this study shows that the
smaller, steers tend to be more efficlient in the feed lot
than steers that are larger, and perhaps older.

A highly significant positive correlation for
area of rib eye muscle with patella to patella indicates
that the feeder steers with larger hind quarters tend to

yield a finished carcass with a larger circumference of
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rib eye muscle, hence, possibly a higher proportion of

lean meat to total bone and fat.




APPENDIX
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Table 1.--ANALYSIS OF COVARIANCE OF T.D.N. PER # GAIN (Y) ON CIRCUMFERENCE OF

MUZZLE (X)
Squares and Errors of Analysis of
products estimate VN:L&I"_IQ_G___
Variaebility due to |D/F x2 Xy ye me(X) {ms(Y)
Totals 56 | 186.256 | 7.20 (9.99
e
Between seasons 1] 13,04 [=-5.48 {2.30 13.04 {2.30
Within seasons 5561 173.21 |12.69 |7.68 3.15 |0.14
Between types
within seasons 2 12.45 2.64 10.82 6.23 ]0.41
Within types
within seasons 531 160.76 |10.05 }6.86 3.03 10.13
Between sires within
types within seasone | 7| 34.58 | 2.356 (0.57 0.41 4,94 | 0,08
Within sires wi thin
types within seasons {46 | 126,18 | 7.70 |6.29 5.82 2.74 10,14

##* Significant at .0l level.

*  Significant at .05 level.

ss: Sum of squares.

ms: Mean square

POT



Table 2.--ANALYSIS OF COVARIANCE OF T.D.N. PER # GAIN (Y) ON CIRCUMFERENCE OF CANNON

BONE (X)

Squares and

Errors of Analysis of
producte estimate variance

Variability due to |D/ x2 xy y2 r | D/F | &8 ms me(X) |ms(Y)

Totals 56| B5l.38 |11.79 |9.99 ] 0,52
: W “we
Between seasons 1| 12,63 | 5.39 |2.30 | =1.00 0,66 12.63 |2.30
wa

Within seasons 65| 38.76 | 6.39 |7.68| 0.37 0.12 0.70 | 0.14
Between types - e
within seasons 2 6.87 | 0.47 | 0.82] 0.20 2 ]0.86 |0.43 3e44 | 0,41
Within types e
within seasons 63| 31.89 | 5.92 | 6.86| 0.40 §f 52 |5.76 | 0.11 0.60 | 0.13
Between sires within
types wlithin seasons | 7 5.95)| 0.45] 0.57| 0.24 7 j0.62 | 0.09 0.5} 0.08
Within sires within i
types within seasons | 46| 25.24| 5.47| 6.29| 0.43 || 45 |5.14 | 0.11 0.86| 0,14
##* Bignificant at .01 level, ss: CSum of squares.

* BSignificant at .05 level.

Mean square

SOt




Table 3.--ANALYSIS OF COVARIANCE OF T.D.N. PER # GAIN (Y) ON CIRCUMFERENCE OF

PAUNCH (X)
Squares and Errors of Analysis of
products estimate variance
Variability due to [D/F| x2 xy | y° D/F | ss ms(X)| me(Y)
Totalse 56 4434.69 | 84.17 |9.99 55 18.39
-
Between seasons 1] 22.27 | 7.28 |2.30 1 {2.06 22.27 | 2.30
Within seasons 55 |4411.72 | 76.90 [7.68 6.34 80,21 | O0.14
Between types
within seasons 2] 435.21 |13.80 (0.82 0.48 217.60 | 0,41
Within types
within seasons 53 |3976.51 | 63.09 |6.86 5.86 75.03 ]0.13
Between sires within
types within seasons 7] 599.04 9.17 } 0.57 0.43 865.68 | 0.08
Within sires within
types within seasons| 46 |3377.47 | 53.22 |6.29 5.43 73.42 | 0.14

** Significant at .0l level.

* BSignifilocant at .05 level.

Sum

of squares

Mean square

310




Table 4.--ANALYSIS OF COVARIANCE OF T.D.N. PER # GAIN (Y) ON WITHER HEIGHT (X)

Bquar;; and q Errors of Analysis of

products estimate variance
Variability due to [P/F| x2 xy v r |ID/F| s8 | ms me(X) |me(Y)
Totals 56 R103.21 |56.80 [|9.29| 0.39)| 55 |8.47

¥ F2 e

Between seasons 1l]796.42 |42.84 |2.30| -1.00 1]0.93 [0.93 |} 796.42 | 2.30
Within seasons 56 1306.79 |13.66 |7.68] 0.14)| 54 |7.54 |0.14 | 23.76 | 0.14
Between types * e
within seasons 2| 586,68 |-8.567 |0.82 | -0,39 211.36 |0.68 || 293.34 | 0.41
Within types il ;
within seasons 63| 720,12 | 22.23 |6.86| 0.3 62 | 6.18 [0.12 13.8589 | 0,13
Between sires within K
types within seasons| 7| 128.36 | 0.37 |0.57| 0.C4 7 ]10.69 }0.10 18.34 | 0.C8
Within sires within
types within seasone| 46| 591.76 | 21.86 |6.29] 0.3 45 | 5.48 |0,12 12.86 | 0,14
## Significant at .0l level. ss: Sum of squares.
* Significant at .05 level. ms: Mean square

LOT



Table 5.--ANALYSIS OF COVARIANCE OF T.D.N. PER # GAIN (Y) ON LENGTH OF BODY (X)

Squares and Errors of Analysis of
products estimate variance
Variability due toiD/F| x2 Xy y2 88 ms(X) |ms(Y)
Totals 96 | 3234.51 | 88.16 |9.99
—ww| W
Between seasons 1 | 1134.81 | 51.14 |2.30 | -1.00 0.556 §1134.811{2.30
*
Within seasons 66 | 2099.70 | 37.02 |7.68 | 0.29| 54} 7.03 | 0.13 38.18 |0.14
Between types b e
within seasons 2 529.52 | -7.81 | 0.82 | -0.39 211.45] 0.72 || 264.76]0.41
Within types e
within seasons 53 | 1570.18 | 44.84 ]6.86 | 0.43|] 52| 5.58 | O.11 29.63]0.13
Between sires within
types within seasons|? 242.69 | 3.74 |0.57 | 0.32 71 0.56 | 0.08 34.67(0.08
Within sires within i
types within seasons|46 | 1327.49 | 41.10 |{6.29| 0.45| 45] 5.02 | O0.11 28.86(0.14

*#* Significant at .0l level.

* Significant at .05 level.

Sum of squares

Mean square

801




Table 6.,--ANALYSIS OF COVARIANCE OF T.D.N. PER # GAIN (Y) ON WIDTH OF CHEST (X)

Squares and Errors of Analysis of

products estimate variance
Variability due to { D/F x2 Xy ye r ms ms(X) | ms(Y)
Totals 56 | 310,67 | 34.20] 9.99].

we

Between seasons 1 4,66 | 3.28| 2.30 4,66 { 2.30
Within seasons 55 | 306.00 | 30.92 | 7.68 5.56 0.14
Between types
within seasons 2] 29.29 0.10] 0.82 14.64 | 0.41
Within types
within seasons 53 | 276.71 | 30,82 | 6.86 5.22 { 0.13
Between sires withi
types within season 7| 68.64 | 3.46( 0.57 9.81 | 0.08
Within sires within
types within seasong 46 | 208.07 | 27.37 | 6.29 4,52 | 0.14

#*  Significant at .0l level.

*  Bignificant at .05 level.

883

ms:

Sum of squares

Mean square

601




Table 7.--ANALYSIS OF COVARIANCE OF RATE OF GAIN (Y) ON CIRC
- = —

UMFERENCE OF MUZZLE (X)

Squares and Errors of Analysis of
products estimate variance
Variability due to [D/F| x2 xy y2 D/F | e | ms ||lms(X)| ms(Y)
Totals 56 | 186.25 0.66 Se B2, 55 3.82
Between seasons 1| 135.04 |-1.13 0.10} -1.0 1 0.11 0.,111§}13.04] 0.10
Within seasons 56| 173.21 | 1.79 |3.729] o.oll 54 | .71 | 0.07 || 3.15 |o.07
Between types 7L e il
within seasons 2] 12.45 {-0.80 }1.77 -0C.1 2 11.79 | 0.80}]16.23 (0.89
Within types
within seasons 53| 160,76 2.59 11.92§ 62 § 1.°21 0.04}§ 3.03 ]0,04
Between sires within b e
types within seasons| 7| 34.58 | 1.30 | 0.71 7 | 0.68 | 0.10}}4.94 |0.10
Within sires within
types within seasons| 46| 126.18 1.29 1.2 0.1l 45 1.23 0.03|| 2.74 .0.03

*# Significent at .01l level.

®* Significant at .05 level.

Sum of squares.

Mean square

GIV¥



Table 8.-?A§ALYSIB OF COVARIANCE OF RATE OF GAIN (Y) ON CIRCUMFERENCE OF CANNON
BONE (X

—_—— ——— —
Squares and Errors of Analysis of
products estimate variance
Variability due to |D/F| x° Xy y2 r D/F | s=s ms ms(X) |ms(Y)
Totals 56] 51.38 | 4.80 | 3.82 556 |3.37 "
Between seasons 1] 12.63 § 1.11 | 0.10 1 |0.00 }0.00 12.63 | 0,10
Within eseasons 55| 38.76 | 3.89 | 3.72 54 |3.37 |0.06 0.70 | 0.07
Between types " e e
within seasons 2 6.87 | 1.97 | 1.7 2 |1.51 |0.76 3.44 | 0,89
Within types
within seasons 63 31.89 | 1.73 | 1.95 52 |1.86 | 0.04 0.60 | 0.04
Between sires within i *e
types within segsons{ 7 5.95 | 1.16 | 0.71 7 10.63 § 0.09 0.85 | 0.10
Within sires within
types within seasons| 46 25.94 | 0.56 | 1.25 45 |1.25 | 0.03 0.56 | 0,03
#%* BSignificant at .0l level. gs: BSum of squares
* BSignificant at .05 level. ms: Mean square

AT



Table 9.--ANALYSIS OF GOVARIANCE OF RATE OF GAIN (Y) ON GIRCUMFERENGE OF PAUNCH (X)

Errors of Anglysis of
products estimate variance

Variability due to [D/F x2 Xy ye r D/F | es | me(X) |ms(y)
Totals 56 | 4434.69)13.25 |3.82| O0.10ff 55
Between seasons 1 22.97| 1.50 |0.10| -1.C0f 1 22.97 |0.10
Within seasons 55 | 4411.72{11.75 |3.72| 0.09} 80.21 | 0.07
Between types st
within seasons 2| 435.21]|-0.59 |1.77| -0.02| | 217.60 | 0.89
Within types ‘

within seasons 53 | 3976.51|12.,34 |1.25| 0.14j 75.03 | 0.04
Between sires within e
types withln seasons| 7| 599.04| 5.05 |0.71| 0,24] 85.68 | 0,10
Within sires within

types within seasons| 46 | 3377.47| 7.29 11.26| ©.11} 73.42 | 0.03

#% Significant at .0l level.

* Significant at .05 level.

883

ms:

Sum of squares

Mean square

A9




Table 10,--ANALYSIS OF COVARIANCE OF RATE OF GAIN (Y) ON WITHER HEIGHT

e — :

Squares and Errors of Analysis of

products estimate varlance
Variability due to |D/F | x2 xy y2 | D/F | ss ms ms(X) |ms(Y)
Totals 56 |2103.22 | 50.71 |3.82] 0.57§ 55 | 2.60
Between seasons 1l | 796.42 8.B4L0.10 1.00] 1 ]0.22 |0.22 Qj796.42 (0.10
¥Within seasons 56 [306.79 | 41.87 |3.72] O 54 | 2.38 |0.04 23.76 |0.07
Between types i b
within seasons 2 | 686.68 | 30.05(1.77| O 210.62 [0.31 |{293.34 |0.88
Within types
within seasons 53 | 720,12 11.82{1.25] 0.32f 52| 1.76 |0.03 13.59 |0.04
Between sires within b
types within seassons| 7 | 128.36) 6.57}0.71| 0.68 7] 0.56 |0.08 18.34 | 0.10
Within sires within
types within seasons| 46 | 591.76| 5.25}]1.25| O.1 45| 1.20 |0.03 12.86 | 0.03

*a

Significant at .01 level.

% Significant at .05 level.

882

mss

Mean square

Sum of squares

T



Tgble 11.--ANALYSIS OF CO

VARIANCE OF RATE OF GAIN (Y

ON LENGTH OF BODY (X)

m=-—.
Squares and Eprors of Analysis of
products estimate variance
Variability due to |D/F| x2 xy y2 r D/F | ss ms me(X) |ms(Y)
Totals 56 | 3234.51 | 49.8213.82 | 0.45)| 55| 3.06
Between seasons 1)]1134.81 |10.550.10 | ‘1.00 110.06]0.06 1154.81u0.10
e
Within seasons 55 | 2099.70 | 39.26|3.72 { 0.44|l 54 |1 2.99 | 0.06 58.18J0.07
Between types " b
within seasons 2] 529.52 | 28.35]1.77 | 0.93 211.11 ]| 0.56 264,76 |0.89
Within types
within seasons 53| 1670.18 | 10.91}1.95 | 0.20f 652 |1l.88}) 0.04 29.63]0.04
Between sires within e e
types within seasons| 7| 242.69| 6.91}0.70 | 0.54 7 {0.64 ] 0,09 34.67 10,10
Within sires within
types within seasons| 46 | 1327.49 | 4.00|1.26 | 0.10})] 45 |1.23| 0.03 28.86 |0,03

*® Significant at .01 level,

%  Significant at .05 level.

88:

ms:

Mean square

Sum of squares

s
¥




Table 12.-—ANALYSIS OF COVARIANCE OF RATE oF GAIN (Y) ON WIDTH OF GHEST (x)

Squares and Errors of Analysis of
products estimate variance
Variability due to |[D/F| x2 xy v | r D/F | ss | ms ms(X)| ms(¥)
Totals 66 | 310.67 | 4.69] 3.82 | 0.14 || 55 | 3.75
Between seasons 3 4.66 0.68| 0.10 | -1.00 1 0,08 | 0,08 4,66 | 0.10
Within seasons 55| 306.00 | 4.01| 3.72| 0.12 || 54 |3.67 |0.07 || 5.56 | 0.07
Between types *;AT i
within seasons 2) 29.29 5.06 | 1.77 0.70 2 {1.72 10,86 || 14.64 | 0,89
Within types
within seasons 53| 276.71 | -1.05| 1.95 | -0.04 §| 52 |1.95 | 0.04 5.22 | 0,04
Between sires within e bl
types within seasons| 7| 68.64 | 1.80| 0.71 | 0.26 7 10.74 | 0.11 9.81 ] 0.10
Within sires, within
types within seasons| 46} 208.07 | -2.85| 1.25 | -0.18 || 45 |1.21§ 0.03 || 4.52 | 0.03

## Bignificant at .01 level.

®* Bignificant at .05 level.

88

mss

Sum of squares

Mean square

SEE




Table 15--ANALYSIS OF COVARIANCE OF T.D.N. PER # GAIN (Y) ON ?ﬂ‘%@%ﬁﬂf (x)

Squares and Errors of Analysis of
.______2£$Qy°t! fﬁlﬂﬂi% variance
Variability due to |D/F| x2 | xy y2 ss ms me(X)| ms(Y)
Totals 56 17.44 8.04 ] 92.99 6.28
* | W%

Between seasons 1 1.63 | 1.94 ]| 2.30 0.95 1.63 {2.30
Within seasons 66] 15.81 | 6.10}| 7.68 5.33 0.29 ]0.14
Between types
within seasons 2 1.11 | 0,24 ] 0.82 0.80 0.55 |0.41
Within types
within seasons 53] 14.71 5.85 | 6.86 4,53 0.28 |0.13
Between sires within
types within seasons| 7 3.40§ 0,95 0.57 0,37 0.49 |0.08
Within sires within
types within seasons| 46| 11.31| 4.90| 6.29 4,17 0.25 |0.14

##* Significant at .01 level.

% BSignificant at .05 level,

ss: BSum of squares

¢ Mean square

91T



Table 14.--ANALYSIS OF COVARIANCE OF T.D.N. PER # GAIN (Y) OoN o4& H°g Hgégn (X)

Squares and Errors of Analysis of

products estimate variance
Variability due to |D/F| x xy y r D/F| ss me ms (X) | ms(Y)
Totals 56| 0.01 0.06 9.99 0.18 56| 9.65

i #ik

Between seasons 1| 0.00£| 0.C04 2.30|-1.00 1]2.34 |2.34 0.00£| 2.30
Within seasons 66| 0.01 0.06 | 7.68 0.22 54 7.30 |0.14 0.004| 0,14
Between types
within seasons 2| 0,004 0.03{ 0.82| 0.75 2| 0.55 | 0.27 0.004| 0,41
Within types
within seasons 53| 0.01 0.035 | 6.86| 0.12§ 52| 6.76 ]0.13 0.00£| 0.13
Between sires.within
types within seasons| 7| 0.00£| -0.00#| 0.57 | -0.08 ?7]0.58 |0.08 0.00£1 0.08
Within sires within
types within seasons| 46| 0.01 | 0.03 | 6.29 | 0.14§ 45| 6.17 {0.14 0.00£4| 0.14
## Bignificant at .01 level. ss: Sum of squares

% Bignificant at .05 level,

Mean square

ab b




Table 15.--ANALYSIS OF COVARIANCE OF T.D.N. PER # GAIN (Y) ON %%%Eﬁngﬁggéﬁéz (x)

“—_—___—-1_

Squares and Errors of Analysis of
products estimate variance
i 3
Variability due to |D/F | x2 Xy ye ss ms (X) | ms(Y)
Totals 56 | 0.03 0.06 | 9.99
]

Between seasons 110,01 -0.13 2.30 0.01 |2.30
Within seasons 55| 0.02 0,18 | 7.68 0.00£ |0.14
Between types »
within seasons 2 | 0.00 0.04 | 0.82 0.00£ |0.41
Within types
within seasons 53| 0.02 0.14 | 6.86 0.00£ (0,13
Between sires within
types within seasons{ 7 |0.004| 0.03 | 0.57 0.00#£ {0.08
Within sires within
types within seasons| 46 | 0.02 0.11 | 6.29 0.00£0.14

8TT



Table 16.--ANALYSIS OF COVARIANCE OF T.D.N. PER # GAIN (Y) ON

DEPTH OF CHEST

(x)

Squares and Errors of Analysis of
products estimate variance
Variability due to [D/F | x2 xy ye | » D/F | ss | ms ms(X) | ms(Y)
i
Totals 56 |1.67 2.14 } 9.99] 0,52 55 | 7.26
X0 w
Between seasons 1 10.23 0.73 | 2.30} 1.0C 1]0.95 |0.25 0.23 | 2.30
wi
Within seasons 55 |1.44 1.41 7.68] 0.42 54 | 6.30 0.03 0.14
Between types ” we
within seasons 2 10.66 0.62 | 0.82] 0.84 210.24 0.33 | 0.41
Within types *
within seasons 53 | 0.78 0.79 6.86) 0.34 52 | 6.06 0.01 0.13
Between sires within
types within seasons|] 7 |0.15 0.01L | 0,57} 0,03 710.74 0.02 | 0.08
Within sires within "
types within seasons| 46 | 0.63 0.78 | 6.29] 0.39 45 | 5.31 0.01 | 0.14
#%  Significant at .01 level. es: BSum of squares

* Bignificant at .05 level,

Mean square

61T



Table 17.--ANALYSIS OF COVARIANCE OF RATE OF GAIN (Y) ON

e e e et A e —. . —————————— et . &

WEIGHT

(X)

Squares and Errors of Anglysis of

products estimate variance
Variability due to |D/F| x xy y D/F ss ms me(X)| ms(Y)
Totals 56 N17.44| 1.06 3.82 66 | 3.76

3

Between seasons 1l |1.63| 0.40 0.10 1] 0,06 ) 0,06 1.63 | 0,10
Within seasons 56 15.81 | 0.66 3.72 54 | 3.69 | 0.07 0.29 | 0,07
Between types * biie
within seasons 2 |1.11] 0.72 e 2 | 1.74 | 0.87 0.55 | 0.89
Within types
within seasons 53 [L4.71 | -0.06 1.95 52 | 1.95 | 0.04 0.28 | 0.04
Between sires within *e e
types within seasons| 7 | 3.40 | 0.14 0.71 7| 0,71 1 0.10 0.49 | 0.10
Within sires within
types within seasons |46 hl.&l -0,19 1.26 45 | 1.24 )| 0,03 0.26 | 0.03
#® Significant at .01 level. gs: Bum of squares
% Bignificant at .05 level. me: Mean square

027



Table 18.--ANALYSIS OF COVARIANCE OF RATE OF GAIN (Y) ON ggmHor HE 25 (X)
Squares and Errors of Anglysis of
products estimate variance
Variability due to |D/F | Xy v |r D/F | es | ms me(X)| ms(Y)
T
Totals 56 |0.01 -0.08 | 3.82 |-0.38|| 55 | 3.28 u
Between seasons 1 [0.00£4| -0.00£|0.10 {-1.00 1 {0.09 | 0.09 0.00£] 0.10
EITH
Within seasons 55 {0.01 -0.08 |3.72 |-0.38|| 54 | 3.19 ] 0.06 0.004] 0,07
Between types * e it
within seasons 2 |o.004| -0.07 |1.77 |-1.00 1|1.24]| 0.62 0.00£| 0.89
Within types
within seasons 53 |0.01 -0.01 {1.¢5 |-0.07}l 52 |1.94]| 0.04 0.004| 0.02
Between sires within *e e
types within seasons| 7 |0.004| -0.004{0.71 |-0.34 7 lo.70| 0.10 0.004] 0,10
Within sires within
types within seasons| 46 |0.01 | =0,004]1.25 |-0.03| 45 |1.25| 0.03|| 0.004| 0.03

#* Significent at .01 level.

* Bignificant at..05 level.

ss: Sum of squares

ms: Mean square

Tor




Table 19.--ANALYSIS OF COVARIANCE OF RATE OF GAIN (Yy) on WIDIH OF CHEST (v

Squares and

Analysis of

Errors of

products estimate variance
Variability due to |{D/F| x Xy y g8 me(X) | ms(Y)
Totals 56| 0,03 -0.15]| 3.82 -
Between seasons 14{0.01 -0.03] 0.10 0.01 |0.10
Within seasons 55| 0.02 -0.13| 3.72 3.05 0.00£ |0.07
Between types ’ . i
within seasons 2] 0.00£] -0.07{1.77 1.23 0.00£ |0.89
Within types
within seasons 53! 0,02 -0,05] 1.85 1.2 0.00£]0.04
Between sires within b
types within seasons| 7| 0.004| £0.004 0.71 0.74 0.00£ [0.10
Within sires within
types within seasons| 46| 0.02 -0.05| 1.25 1.08 0.004{0.03

#% Significant at .0l level.

* Bignificant at .05 level.

ss: BSum of squares

ms: Mean square

"o ¥




Table 20.~--ANALYSIS OF COVARIANCE OF RATE OF GAIN (Y) ON

DEPTH OF CHEST
ANNON BO

(x)

Bquares and Errors of Analysis of

products estimate | variance
Variability due to |D/F | x2 xy v2 | r D/F | ss | ms |} ms(X)| ms(Y)
Totals 66 | 1.67 -1.06 | 3.82 | -0.42 || 55 |3.15

T
Between seasons 1]0.23 0.15 | 0.10 | £1.00 1 |0.44 | 0.44 0.23 | 0.10
L

Within seasons 55 | 1.44 -1.21 | 3.72 | -0.52 54 |2.71 ] 0.06 0.03 | 0.07
Between types e bl
within seasons 210.66 -1.06}) 1.77 | -0.98 2 {0.79) 0.39 0.33)]|0.89
Within types
within seasons 63| 0.78 -0,15] 1.95 § -0.12 || 52 |1.92 | 0.04 0.01 | 0.04
Between sires within ** had
types within seasons| 7 |0.15 0.03 | 0.71 | £0.10 7 10.73 | 0.10 0.02 | 0.10
Within sires within
types within seasons| 46 | 0.63 -0.,1911.25 | -0.21 )} 45 |1.19 | 0.03 0.01 | 0,03
#% Significant at .0l level. ss: Bum of squares

% Significant at .05 level.

Mean square

5




Table 21.--ANALYSIS OF COVARIANCE OF LENGTH FROM FIRST RIB TO PELVIC BONE (Y) ON
LENGTH OF BODY (X)

—

—_—

————————— - — e et
n-——-—r-—q
Squares and Errors of Anslysis of
products estimate variance
Variability due to |D/F x2 xy 12 r |ID/F| ss ms ms(X) me(Y)
713 2
Totals 66 | 3125.02|2243.01 p068.49}0,.88||656 |458.55
ey _—
Between seasons 1| 419.22| 308.62 |227.20}1.00{ 1 0.1610.16 §419,22 |227.20
b
Withlin seasons 655 | 2705.79|1934.38 1841.28|0.87||54 | 458.39(8.49 49,20 33.48
Between types hadhd bl "
within seasons 2| 1734.18|1438.58 1205.37|1.00|f 2 | 75.48PF% 74 ||867.09 |602.68
Within types Yt
wlthin seasons 53 971.61] 495.80 |635.9110.6352 | 382.91|7.36 18.33| 12,00
Between sires within s
types within seasons| 7| 148.10 29.38 116.46|0.22)| 7 127.62$B.25 21.16| 16.64
Within sires within "
types within seasons| 46 823.51| 466.42 |519.45]|0.71}|45 | 256.28}5.67 17.90}) 11.29

## BSignificant at .0l level.

* Bignificant at .06 level.

=1

ms:

Sum of squares

Mean square




Table 22.--ANALYSIS OF COVARIANCE OF AREA

——

OF RIB EYE MUSCLE (Y) ON WIDTH OF LOIN (X)

Squares and Errors of lysis of
products estimate variance
Variability
due to IP/F x2 Xy y2 D/F ss ms s(X) ms(Y)
Totals 56 | 145,42 | 191.56 |2323.92 | 0.33}| 56 | 2071.56
Between
seasons 1l l.42 ] 12.28 | 105.90}1.00)] 1 76.76 | 76.76 || 1.42 105.90
Within
seasons 55| 143,99 | 179.28 | 2218.02 | 0.32|] 54 | 1994.80 | 36.94 || 2.62 40,33
Between
type s wi th_ Ll W* %
in seasons 2| 26.32]101.,58 | 509.585| 0.88|| 2 337.74 |168.87 {[13.16 254.83
Within
types with-
in seasons | 53| 117.67 | 77.70 |1708.37 | 0.17|| 62 | 1657.06 | 31.87 || 2.22 32.23
Between
sires with-
in types
within “ »
seasons 71 11l.74| 12.36 | 442.33| 0.17|| 7 431.33 | 61.62 |} 1.68 63.19
Within sire sll
within types
within sea-
sons 46| 105.94| 65.34 | 1266.04 0.14 45 | 1225.73 | 27.24 || 2.30 27.52

+ Bigniticant 4k .8 isvel:

| A




Table 23.--ANALYSIS OF COVARIANCE OF AREA OF RIB EYE MUSCLE (Y)

ON PATELLA TO

PATELLA (X s K i3 A ~ A
Squares and | Errors of | Analysis of
TP — products | estimate | variance
aria y .
__due to x2 Xy _ye r_ | T 88 ms || ms ms(Y)
é |
Totale | 985,56 | 812,33 |2303.02 | 04‘;@&.@ |
etween |
seasons 1 6.59 | 26.42 | 105.90| -1.00 } 1 67.27 | 67.27§ 6.59 | 105.90
|
Within b |
seasons 55) 978.97 | 785.20 |2218.02| 0.53 )| 54 | 1587,11 | 29.3941 17.80 | 40.33
Between f
types with- ‘ bt o
in seasons 2] 439.92 | 438.63 508.65 0.23 2 102.46 51.23"19.96 254.83
Within l
types within b |
seasons 53| 539,08 | 347,27 |1708.37 0.36 §| 52 | 1484,65 28,854 10,17 S92+ 23
Between o | |
gires with- |
in types :
within bt »
seasons 7] 104,14} 26.52 442,33 0.12 | 7 455,17 65.02i 14,88 63.19
Within | |
sires with- ;
in types .' ‘
within " [
seasons [46] 434.20) 320.75 11266,04 0.43 45 | 1029.48 22.8811 9.45)] 27.82
ignificant at .0l level. 88! um of squares
% Significant at .05 level. ms: Mean square
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Tablzogﬁ.EE%NALYSIS OF COVARIANCE OF AREA OF RIB EYE MUSCLE (Y) ON SLAUGHTER GRADE OF

Variability
due to

Squares and
products

x2 Xy

y2

eat; te

oF

zptala

5.01 | -32.01

2323.92

-O. 30'

55

2119.65

Between
seasons

Within
seasons

0.64 | - 8.22

4.38 | =-23.79

106.90

2218.02

-1.00

-0.24

54

30.89

2088.75

30.89 |

38.68 |

105.20

40.33

Between
types with-
in seasons

Within
types with-
in seasons

53

0.53 | - 6.20

3.85 | -17.58

509.€5

1708.37

-0. 38

-Oo 22

52

460,68

1628.08

230.34 |

3L.31 |

it
254.83

52.23

Between
g8ires with-
in types
within
seasons

Within
sires with-
in types
within
geasons

46 .

00 51 -ao 89

3. 34 - 8-69

442,33

1266.04

-0. 1§“ 45

84,64

1243.43

54.95 |

27.63

63.19

27.52

¥ Jignificat at .01 level.
* Significant at .05 level.

g8
ms 3

Sum of squares
Mean square

2T



Table 25.--ANALYSIS OF COVARIANCE OF AREA
ROUND (X)

Variability
due to

quares and
products

xy

ve

OF RIB EYE MUSCLE (Y) ON SLAUGHTER GRADE OF

rors of
estimate

Analysis of
variance

Ips(x)

ms(Y)

Totals

9.79

"':54. 31

} 2323.92°

-oo 23

2203.71

Between
seasons

Within
seasons

0.920

8.89

o 9.78

-24,83

1056.20

2218.02

-1.00

-0.,18

53.38

2150, 32

53. 38

39.82

.16

105.90

40,33

Between
types with-
in seasons

Within
types with-
in seasons

53

4,03

4.86

- 3.36

509.65

1708.37

-0,47

-0.04

444,27

1706.05

e
222.14

32.81

et
.01

0.09

i
254.83

32.23

Between
sires with-
in types
within
seasons

Within
gires with-
in types
within
geasons

46

0.36

4,50

- 5038

£ 2.02

442.33

1266.04

-0.42

£0.03

440.92

1265.13

62.99

0. 05

28.11}jo.10

63.19

27.82

*" . n

188, °8 820875

S b



Table 26.--ANALYSIS OF COVARIANCE OF ACTUAL MEASURED FAT OVER RIB (Y) ON SLAUGHTER

GRADE OF THICKNESS OF FAT (

e = = — = ==
Squares and Errors of Analysis of
produects estima te variance
Variability due to |D/F | x2 Xy y2 r D/F | ss ms 1] me(X)| ms(Y)
Totals | 56 [3.26 2.38 | 6.06 | 0.54 § 55 | 4.33
Between seasons 1 |0.01 0.00£] 0.00£}1.00 1| 0.00£] 0. 0.01 0.004
e
Within seasons 55 |3.26 | 2.38 | 6.06 | 0.54 || 54 | 4.33 4 0.08 H 0.06 { 0.11
Between types
within seasons 2 |0.22 0.10 | 0.06 | 0.92 2 |0.03 | 0.01 0.11 | 0.03
Within types *e
within seasons 53 |3.04 2.28 | 6,01 | 0.53 || 52 { 4.30 | 0.08 0.06 | 0.11
Between sires withinl » s
types within seasons 7 10.49 0.69 1.56 0.79 7 10.84 0.12 0.07 0.22
Within sires within e
types within seasons| 46 |2.55 1.59 | 4.46 | 0.47 || 45 | 3.46 | 0.08 0.06 | 0.10
## Significant at .0l level. es: Sum of squares

* SBignificant at .05 level.

Mean square

($4
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