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ABSTRACT

THE REIATIONSHIP BETWEEN AND HERITABILITY ESTIMATES OF
LIVE TAMB MFASUREMENTS AND CARCASS TRAITS

by Anthony Borton

The lamb industry in this country is placing major emphasis on the
improvement of the lamb carcass in an effort to meet competition from
the other meat species and from imported lamb. One of the major
deterants to improvement of meatiness and carcass desirability in lamb
is the lack of a satisfactory estimate of these traits in the live
animal. The objectives of this study were to evaluate the accuracy of
live lamb measurements and then to discern the relationship between
these measurements and numerous carcass characteristics. In addition,
heritability estimates were made for a number of carcass and live
animal measurements. The study consisted of 227 lambs representing
three lamb crops in a ram progeny testing program.

In order to establish confidence in the live lamb measurements
repeatability estimates were made by taking two assessments of each
measurement and then calculating the correlation between them. The
repeatability estimates were sufficiently high for all of the live
animal measurements to give confidence in their accuracy. The height
at withers and circumference of heart girth were the two measurements
with the highest repeatabilities.

Simple correlation coefficients were obtained between seventeen
live animel and forty carcass measurements. The live lamb measurements

were examined in their relationship to carcass weight, weight of primal
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cuts, carcass grade, leanness, and fatness. Slaughter weight was the
one live animal measurement that correlated most highly with the most
carcass traits. Slaughter weight was significantly correlated with not
only carcass weight and weight of carcass cuts but also with carcass
measures of leanness and fatness. Average width, length of foreleg,
height at withers, and circumference of gaskins were other live lamb
measurements that correlated highly with carcass measures of leanness.
In one year's lamb crop a correlation of 0.54 was found between area of
loin eye and live width of the loin; however, this result was not
duplicated in the other two years.

In addition to slaughter weight the measurements most highly
correlated with fatness in the carcass were loin width, average width,
and circumference of heart girth.

Standard partial regressions were calculated and indicated that
none of the live animal measurements accounted for a large fraction of
the variation in carcass traits when the carcass weight was held constant.

Heritability estimates were calculated by the method of correlation
between paternal half sibs. The highest heritabilities for live animal
measurements were .36 for height at withers and .31 for circumference
of forearm. Three carcass traits had high heritability estimates. The
estimate for weight of kidney knob was .53. The heritability of leg
area lean was estimated to be .76 and that of area of loin eye was

estimated at .93.
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I. INTRODUCTION

The improvement of meatiness and carcass desirability of lamb is
presently a cause for great concern among sheep producers. The consum-
ers are demanding more lean and less fat in their meats. This is as
true for lamb as it is for pork and beef. The recent threat of
economic competition from other countries and the popularity of other
meats with consumers has intensified interest in developing lamb with
consumer appeal. Sheep growers organizations and some of the breed
associations are advocating ram production testing programs to improve
the quality of lamb carcasses. The problem for the breeder is that
improvement in any meat animal carcass is limited by the lack of a
satisfactory estimate of carcass desirability from the live animal.

The use of subjective live animal evaluation as an estimate of
carcass desirability has met with only limited success, the results
being- strongly dependent on the experience of the individual making
the subjective appraisal. Various attempts have also been made at
relating objective live animal measurements to carcass desirability.
The recent development of ultrasonic equipment and the use of live-
probes have some promising possibilities.

This study was undertaken to discern the relationship between live
animal measurements and desired carcass characteristics. In the present
study repeatability estimates were made on thirteen live-lamb measure-
ments to establish their dependability as a measuring tool. In ad-
dition it was desired to determine whether carcass characteristics
and live-animal measurements could serve as satisfactory guides to the
selection of breeding animals for lamb carcass improvement. Herit-
ability estimates were calculated for a number of carcass and live

-1-
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animal measurements by the method of paternal half sib correlations.
Finally, correlations were obtained between seventeen live animal
measurements and forty carcass measurements to investigate the nature
of the relationship between the live animal and its carcass.

One of the difficulties encountered in a study such as this, other
than that of obtaining meaningful live animal measurements, is the lack
of satisfactory critera of desirability within the carcass. It was
not the design of this particular study to investigate the critera
for carcass evaluation, but instead to examine only the live animal-
carcass relationship. For this reason, the critera chosen for com-
parison in the carcass are the standard ones presently in use. A
companion study was conducted on these same lambs to investigate the

carcass interrelationships.



II. REVIEW OF LITERATURE

A. Subjective Estimates of Carcass Desirability.

The method most commonly used to evaluate a meat animal is visual
appraisal of the live animal. Knapp et al. (1939) in subjective
appraisal of cattle found that sire differences in progeny could not be
picked up by Jjudges of live animals. In addition carcass differences
between the progeny of different sires also had gone undetected by
visual appraisal. Harrington (1958) indicated that visual evaluation
of swine muscling was subject to variation between judges. Orme (1958)
found that carcass width could be more accurately predicted from live
animal measurements than from subjective scoring. These and other
studies indicate that subjective live animal evaluation is not a
precise method of revealing sire differences in carcass traits.

B. Objective Estimates of Carcass Desirability.

1. Repeatability of live animal measurements.

Considerable emphasis has been placed on the use of objective
live animal measurements to predict carcass desirability. For these
measurements to be useful they must be highly repeatable. ILush (1928)
found that maximum duplication of measurements on live cattle was
possible only when measuring the rigid skeletal structures. Those
measurements with the highest repeatability were heart girth, paunch
girth, depth of chest, height at withers and rump, width at hooks,
and pelvis width. Chest width, loin width, body length, and width at
pins had poor repeatability. Tallis et al. (1959) examined the repeat-
ability of body measurements on steers and found steer components high
and error small. The repeatabilities were: heart girth (0.95),

-3-
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circumference at navel (0.90), height at withers (0.90), and height at
hooks (0.96). Poor repeatabilities were obtained for circumference of
forearm (0.13), width of chest (0.37), and depth of twist (0.0L). High
repeatabilities were also obtained for length of body (0.80), depth
of chest (0.86), and width of hooks (0.66), but the measurement error
components of the variance were large for these traits. Smith et al.
(1950) found the repeatability to be high in beef cattle on live
animal measurements of height at withers, depth of chest and length
of body. Orme (1958), also working with cattle, found the best
repeatability estimates were obtained from the various height measure-
ments (withers .96, rump .96, and legs .94), circumference measure-
ments (foreflank .98, hindflank .94, and middle .99) and the width
measurements (round .88, rump .84, and shoulder .88).

Hetzer et al. (1950) found it necessary to take at least four
separate assessments of each measurement on each animal when measuring
live hogs. Phillips and Dawson (1936) studied three methods of obtain-
ing measurements of live swine and determined that the use of metal
calipers and steel tape were the most accurate.

Phillips and Stoehr (19M5) determined the accuracy of measurements
taken on live sheep. They found that measurements obtained from photo-
graphs were generally unsatisfactory. In addition they found that
measurements taken on sheep just after shearing were generally more
accurate then those made on animals in fleece. The measurements they
described as most useful were: height at withers, width at shoulders,
depth of chest, depth of middle, circumference of chest, circumference
of middle, and circumference of foreshank. Using the coefficient of

variation as a criterion they concluded that these measurements may

be taken on live sheep with reasonable accuracy.
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Thus the indications are that live animal measurements can be made
with accuracy (repeatability).

2. Estimates of weight.

Lush (1928), Wanderstock and Salisbury (1946), Barton (1938) and
Kidwell (1955) all reported high correlations (r = 0.90 to 0.99) between
circumference of heart girth and body weight in cattle. In fact,
several body measures have been found to have high correlations with body
weight and have been used for prediction. Kidwell found correlations
between live weight and width of thurls (r = 0.82) and chest depth
(r = 0.81), while Wanderstock and Salisbury had correlations of 0.80
between body length and weight, and O.73 between height at withers and
weight.

Katada and Takada (1959) found close associations between live
weight of lambs and hip width (r = 0.83) or width between thurls
(r = 0.83). They reported, in addition, that live weight and carcass
weight may be estimated with the use of multiple regressién coefficients
using the six body meassurements: hip width, width between thurls,
chest depth, chest width, body length and rump length.

Dawson et al. (l955a) attempted to evaluate cattle by the pro-
portion of weight carried on the front and hind legs. They obtained
a 0.66 correlation between percentage of live weight carried on hind
legs and percentage of empty total body weights contained in hind
quarters.

3. Estimates of grade and dressing percentage.

Numerous investigators have studied the relationships of live
animal measurements with grade, or dressing percentage in cattle and
lambs. Iush (1932), Cook et al. (1951) and Yao et al. (1953) all work-

ed with cattle and in general found that the "fleshing measurements”



-6-
(width and circumference measurements) were most highly correlated with
slaughter grade, carcass grade, and dressing percentage. They found
the steers of shorter height both at the withers and at the floor of
the chest, and of shorter length tended to have slightly higher
slaughter and carcass grades and dressing percentage. Also steers
with larger foreflank circumference and wider in the shoulders tended
to make higher slaughter and carcass grades.

These results were corroborated by Orme (1958) who found the best
single estimate of carcass grade was circumference of barrel (r = 0.78).
He also found high correlations between carcass grade and circumference
of the foreflank (r = 0.65) and hindflank (r = 0.69). Kidwell (1955)
got similar correlations between carcass grade and heart girth (r = 0.69),
chest width (r = 0.72), and width at hooks (r = 0.63). Tallis et al.
(1959) found that ratios between live weight and body measurements
were highly correlated with dressing percentage in steers.

Working with lamb, Ljungdahl (l9h2) found average width (shoulder,
rack, loin, and thurls) to be significantly associated with dressing
percentage while Katada and Takada (1959) found it highly correlated
with carcass weight (r = 0.72).

Butler (1957) examined the relation of conformation to carcass
traits and expressed the opinion that differences in the shapes of
animals made but small changes in the proportion of wholesale cuts.
Recent work by Matthews (1959) with lamb disclosed that fatness was
the one trait most closely related to carcass grade in lamb. In
addition he reported that carcass grade was negatively associated

with all measurements of muscling and meatiness in the carcass.
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L. Estimates of carcass traits.

One of the real problems that faces anyone trying to relate the
live animal to the carcass is the lack of a definite standard or
criterion of desirability in the carcass. The use of weight, carcass
grade and dressing percentage and how these are estimated from the live
animal already has been discussed. In addition to these there have been
numerous other attempts at evolving specific critera for carcass
evaluation. Some of the more common ones will be reviewed.

Since it is lean meat the consumer demands, most standards
represent some method of evaluating the lean meat content of the
carcass. The problem is to establish some standard that can be used
as an accurate measure of muscling in the carcass. The yield in
weight or percentage of wholesale cuts (or primal cuts), the edible
yield, the weight of entire muscles, and the percentage of separable
lean are all used as estimates of carcass meatiness. Likewise, the
area of the loin eye (longissimus dorsi), fat covering (particularly
in swine), and density determinations have been used as indices of
carcass merit.

Cole, Orme and Kincaid (1960) found the separable lean of various
cuts of beef (round, chuck, sirloin, foreshank, and shortloin) were
better indications of total carcass leanness or muscling than either
linear carcass measurements or loin eye area. Their correlations
ranged from 0.95 to 0.79 depending on the cut used.

Barton and Kirton (1958) examined the use of the leg and the loin
as sample joints for estimating the lamb carcass composition with
respect to fat, muscle and bone. They found that better estimates
could be made using the leg and the loin together than using either

joint alone or using the neck, thorax, shoulder and pelvis as sample
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Joints. Botkin et al. (1959) reported that they found the area of the
leg combined with the area of the loin a reliable measure of lean meat
content of the carcass. Hammond (1932) had previously found that the
composition of the leg could be used to accurately predict the percent-
age of fat, lean and bone in the lamb carcass. Contrary to Barton and
Kirton, he found the shoulder was even a better sample joint of carcass
composition.

Crown and Damon (1960) found that the physical composition of the
12th rib cut in beef could be used in predicting carcass yield.

Pearson et al. (1958) reported the use of simple cut out indices in
swine to evaluate the leanness of the swine carcass. They found that
percentage of trimmed loin may be the most accurate measure of lean-
ness. McMeekan (l9hl) found that either the loin or leg can be used as
sample joints to estimate the total weight of bone, muscle or fat in
the British bacon-pig carcass.

A fairly high correlation between the area of the loin eye and
the weight of the separable lean in the lamb carcass (r = 0.68) was
reported by Branaman (1939). However, Botkin et al. (1959) reported
that they observed the cross sectional area of the leg to be a better
measure of meatiness than the ldin eye area in the lamb carcass.
Maﬁhews (1959) found a negative correlation between fatness and loin
eye area in lambs. He observed that "the area of the eye' muscle
was smaller in fatter lambs compared to leaner lambs of the same
weight". Carcass evaluation in the same study determined that the
area of the longissimus dorsi was not as highly correlated with

either the percentage of wholesale cuts or separable lean in the rack



as were fat measurements.

It has already been reported that Cole et al. (1960), working with
cattle, found separable lean of a particular cut was better than the
loin eye area as an indicator of carcass lean.

Numerous investigators have examined the relationship of various
live animal measurements to the percentage of primal cuts, wholesale
cuts or preferred cuts. Working with cattle Green (1954) found live
weight was the single measurement most closely correlated with the
weight of preferred cuts. Orme (1958) found that the circumference of
the fore-flank and the belly of cattle were both highly correlated
(r = 0.88 and r = 0.71) with the rib weight. These measurements were
also highly correlated with live animal weight. Since this is a part
to whole correlation, the "ultimate weight of the wholesale beef rib
will depend largely upon the weight of the animal". In addition he
reported that live animal weights and various live animal measurements
also showed high relationships to the weight of such wholesale cuts as
chuck, shortloin, and a combination of sirloin plus round.

Ljungdahl (1942) working with lamb reported that live animal
measurements of width of shoulder and width of rack were significantly
correlated with weight of shoulder (r = 0.71) and weight of rack
(r = 0.39) respectively, while live measurements of width of loin and
width of leg did not indicate the weights of the respective areas of
the carcass.

Robison et al. (1960) reported that their work with swine
indicated that body weight and backfat at loin were the best live

animal indicators of carcass merit. They also used numerous depth,
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length and width measurements. Hetzer et al. (1950) indicated that
their measurements of swine showed the depth of middle to be most
closely related to yield of the primal cuts. They also used other
measures of the body but found they had little relation to the carcass.

Orme (1958) found that live animal measurements were well related
to comparable carcass measurements in steers. In particular, it was
found that all width measurements in the carcass were highly correlated
with the corresponding live animal measurements. Holland and Hazel
(1958), on the other hand, found live animal measurements (other then
probe) of little value in determining carcass characteristics in swine.
Generally they found their live animal measurements to be only slightly
related to measurements of carcass characters.

Botkin et al. (1959) felt that while the measurements taken on the
live leg of lamb were not as highly correlated with the leg lean area
as were measurements taken on the carcass leg, at least live-leg
measurements held promise if the measurement techniques could be refined.

There have been numerous reports of estimates of rib eye area from
live animal measurements. Orme (1958), Young (1960), and Kieffer et al.
(1958) report significant correlations between live animal or carcass
weight and rib eye area. Orme also found the rib eye area significantly
related to the circumference of the middle, the fore and hind flanks,
the round, and the width of rump. Young (1960) found it significantly
correlated with circumference of heart girth.

In lamb, Knight et al. (1959) found significant correlations
between the live animal metatarsus plus tuber calis length, and eye

muscle width (0.63) and area (0.66). Ljungdahl reported in his 1942
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thesis that the area of the eye muscle was significantly correlated
with the average live width of the rack (0.63) and the average live
width of loin (0.50). Bailey et al. (1961) found live animal weight
to be as highly correlated (r = 0.56) with loin eye area as any other
weanling traits or carcass measurements studied. Botkin et al. (1959)
observed various live leg measurements were better measures of overall
carcass "meatiness" than they were indicators of loin eye area.

C. Recent Advances in Live-animal Measurements.

Thus far this review has discussed weights and linear measures of
the live animal but recently interest has developed in new techniques
in live animal measurements that show some promise, particularly in
lamb.

The live animal probe to determine backfat thickness in swine is
in general use at present. Hazel and Kline (1952), DePape and Whatley
(1956), Hetzer et al. (1956), Pearson et al. (1957) all reported thet
mechanical live probe or lean meter produced good measures of fatness
in live hogs and could be used to estimate percentage primal cuts,
percentage lean meat in ham or loin, or total carcass leanness.

Live probes have been used to measure not only backfat thickness
in hogs but also to measure loin eye depth. This work has been report-
ed by three groups; Stouffer et al. (1958), Matthews (1959), Matthews
et al. (1960) and Knight et al. (1959). Using the needle probe over
the right transverse process of the 2nd lumbar vertebrae, Matthews
found highly significant correlations between depth probes and actual
depth of the longissimus dorsi muscle in two trials, (0.43 trial 1 and
0.63 trial 2). Width of the longissimus dorsi muscle was estimated by

halving the measured distance between the lateral extremities of the

transverse processes of the 2nd lumbar vertebrae. It was found that
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the width of the muscle estimated in this way was not a reliable
indicator of actual width. However, the estimated cross sectional
area of the longissimus dorsi muscle (depth probe x estimated width)
was significantly correlated with the actual cross sectional area of
the muscle as determined by planimeter reading, (0.55 and 0.69 in two
trials). It was also found that the depth probe alone was significantly
correlated with the actual cross sectional area of the eye muscle
(0.56 and 0.59 in trials 1 and 2). The work of Matthews is confirmed
by both Stouffer et al. (1958) and Knight et al. (1959) who also found
needle probe depths in lamb were significantly correlated with loin
eye area (0.42 and 0.53, respectively).

In addition to the mechanical live probe there has been some work
with the use of ultrasonics to estimate loin eye size in the live
animal. Hazel and Kline (1959) questioned the usefulness of ultrasonic
measurements in hogs since the mechanical probe and lean meter have
proven reliable. Stouffer et al. (1959) and Price (1960) used ultrasonics
to estimate fatness and loin eye area in both cattle and hogs. Stouffer
and his coworkers on the basis of 40 hogs and 100 cattle felt encouraged
with early results on both species. Price, on the other hand, found
considerably more accuracy in the use of ultrasonics when applied to
hogs then when used on cattle. He found that the swine loin eye area
could be predicted closely from the ultrasonic tracing (r = O.7h).
However the loin eye area of cattle was not accurately measured.

Campbell et al. (1959) used ultrasonics to estimate the size of
the longissimus dorsi muscle in sheep with fair success. They found

correlations of 0.62 and 0.49 between the sum of three somoscope
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measurements and loin eye area (two trials).

Several other methods of measuring live animals have been used in
an attempt to estimate carcass desirability but these have been only
moderately effective. For example, Saffle et al. (1958) measured
urinary and blood creatinine, and compared these levels with the live
probe as a measure of estimating leanness in swine. They found, "the
live probe was simpler to obtain and was more closely correlated with
leanness". There have also been some attempts at estimating total
body fat in the live animal using density determinations and fat
soluble indicators as outlined by Harrington (1958).

D. Heritabilities.

Most of the studies that report heritabilities are concerned with
production traits such as rate of gain, feed efficiency, weaning weight,
reproduction rates and in sheep fleece characteristics, (Terrill 1958).
However, there have been some studies with sheep showing heritability
to be low for conformation and condition. Hazel and Terrill (19k4éa)
reported a heritability of 0.07 for body type and 0.21 for condition in
range Columbia, Corriedale and Targhee lambs. Terrill and Hazel (1943)
had earlier reported a heritability of 0.12 for body type score in
range Rambouillet ewes. Hazel and Terrill (1946b) also reported a
low heritability of 0.13 for mutton type and a heritability of 0.0L
for condition in range Rambouillet lambs. Hundley and Carter (1956)
reported slightly higher heritability estimates for market grade in
two breeds of lambs. They estimated heritability of market grade to
be 0.28 in Hampshires and 0.31 in Southdown lambs. Taneja (1958)

found heritability of mutton score to be 0.13 in Australian Merino
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sheep.

Some heritability studies of slaughter grade in cattle have shown
somewhat higher estimates. Clark (195h) reported slaughter grade
heritability at O.42 while Dawson et al. (1955b) reported it to be 0.58.

Several estimates of heritabilities of body measurements in cattle
have been made. Generally they report fairly high heritabilities for
skeletal measurements such as height and lower heritabilities for
fleshing measurements such as circumference and width. Schutte (1935),
Dawson et al. (1955b) and Weber (1957) all reported high heritability
estimates for height at withers being 0.76, 0.65 and 0.63 respectively.
Buiatti (195L4) reported estimates of 0.41 at six months and 0.60 at one
year for the same trait in cattle.

Schutte, Dawson et al., and Weber also reported heritability of
depth of chest to be 0.20, 0.40 and 0.36, and circumference of heart
girth to be 0.35, 0.32 and 0.28. Schutte found high heritability
estimates for length of body (0.48) and width at hooks (0.62) but
Dawson et al. obtained values of O and 0.0l for similar traits. Dawson
et al. reported all heritability estimates of width to be less then 0.10
(i.e. width of shoulder, chest, last ribs, loin and hips).

Only one study has reported heritabilities for live lamb
measurements. Taneja (1958) found heritabilities for a number of body
depth, length and width measurements all to be generally low. However,
in one trial consisting of 284 spring lambs he obtained values of 0.29
for body depth, 0.48 for body width, and 0.30 for fore cannon length.

Estimates of the heritability of carcass grade have been confined

to beef cattle. Dawson et al. (1955) estimated it at 0.67, Knapp and
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Clark (1950) at 0.33, and Shelby et al. (1955) at 0.16. Shelby et al.
and Dawson et al. reported heritability estimates of 0.73 and 0.69 for
dressing percentage.

Most studies that have reported heritability estimates of carcass
measurements emphasize loin eye area. However, Fredeen (1953),

Anderson (1954), Whatley and Enfield (1957) and King (1957) all report-
ed the heritability of carcass length in swine to be around 0.50. King
(1957) and Anderson (1954) also reported heritability of leg length to
be high (0.73 and 0.61). King (1957) gave heritability estimates for
a number of additional carcass traits in British bacon pigs.

Loin eye area heritability estimates have, on the whole, been
fairly large. In beef cattle, the following estimates have been made:
Knapp and Nordskog (1946) 0.69, Knapp and Clark (1950) 0.68, Clark
(1954) 0.67, Shelby et al. (1955) 0.72 and Kieffer et al. (1958) 0.56.

In swine, Fredeen (1953) reported an estimate of 0.66 for area of the
loin eye, and Whatley and Enfield (1957) an estimate of 0.79. In light
of recent use of the live probe in measuring the depth of the eye muscle,
it might be well to report that King (1957) obtained a heritability
estimate of 0.29 for depth of eye muscle. No heritability estimates

of lamb carcass traits were available.
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ITTI. OBJECTIVES OF STUDY
To determine if live aniﬁal measurements could be taken on lambs
with suitable repeatability to warrant their use in predicting
carcass characteristics.
To study the nature of the relationship between live animal body
measurements and measurements taken on the carcass with particular
interest being paid to the relationship with those carcass traits
that are presently used as standards of desirability.
To determine the extent to which the variation observed among
animals for the traits studied was the result of genetic differences
among the animals. In other words, to determine heritability

estimates for certain live animal and carcass traits.
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IV. EXPERIMENTAL PROCEDURE

A. Animals used.

Two hundred and twenty-seven lambs were used in this study repre-
senting three lamb crops from a University ram progeny testing program.
They were produced in three different years. The procedure used each
year was as follows:

1. 1956-1957 animals.

Dats were obtained on eighty-four lambs representing the offspring
out of seventy-two white faced, Columbia cross western three-year-old
ewes and by seven Shropshire and two Columbia purebred ram lambs. The
ewes were gllotted eight to a ram and bred at the University between
November 15 and December 18, 1956. The lambs were dropped between
April 11 and May 1, 1957. The ewes and lambs were turned out to
pasture on May 10th without any creep feeding. The lambs were
weighed, graded and weaned on August 9th and then placed on feed in
dry lot. The lambs were slaughtered as they approached 85 pounds in
weight.

2. 1957-1958 animals.

Forty-nine lambs were obtained from the mating of the same
western ewes to five Suffolk and two Hampshire purebred ram lambs in
the fall of 1957. The ewes, now four year olds, were allotted as
uniformly as possible on the basis of the previous years progeny data
and current live weight. The lambs were dropped between March 11 and
May 1, 1958. The lambs were weighed, graded and weaned on July 30th
and then placed on feed in dry lot. - The lambs were slaughtered at
around 95 pounds in weight.

-17-
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3. 1958-1959 animals.

Data were obtained on ninety-four lambs. The ewe flock consisted
of fifty-five of the orginal western ewes, now five-year-olds, upon
which two years progeny date had been compiled. In addition sixteen
western replacement ewes and twenty-five purebred Hampshires were
added to the flock. Eight purebred Hampshire rams were used. The
ewes were lotted on the basis of current liveweight and on previous
lamb production records (i. e. total pounds of lamb per year and
average area of the longissimus dorsi of their progeny) when available.
The lambs were dropped between March 3 and April 25, 1959. The ewes
and lambs were placed on pasture in mid-May without creep feeding.

The lambs were weighed and weaned on August 20th and placed on a
pelleted ration in dry lot. The lambs were slaughtered as they approach-
ed 95 pounds in weight.

The treatment of the lambs at slaughter time was the same all
three years. The lambs were weighed and those to be slaughtered
were sorted out and moved to holding pens in the afternoon. The next
morning the lambs were again weighed, sheared, measured and slaughter-
ed immediately.

B. Live animal body measurements.

The measurements on the live shorn lambs were taken as the lambs
stood on a trimming and blocking table. The height, width, depth, and
length measurements were made with metal calipers containing built in
levels. They were manufactured by Bio Metric Instruments Inc., Berkeley,
California. The calipers consisted of a calibrated bar upon which two

arms were attached. Measurements were made by reading off the distance
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between the two arms on the calibrated bar. The measurements were
taken to the nearest milimeter and were expressed in centimeters to the
nearest tenth. The circumference measurements were made in two manners.
In 1957 and 1958 a string was used and the length of the string then
read off the 180 centimeter straight bar of the Bio Metric equipment.
In 1959, in an attempt to increase the accuracy of the measurements,
a Lufkin 200 centimeter flexible steel rule was used. At this time
several new measurements of depth were also instituted using the steel
rule. The measurements used were:
1. Width of thurls - taken with the calipers from the topline
at the widest point of the thurls.
2. Width of loin - taken with the metal calipers at the mid
point of the loin.
3. Width of rack - taken from the topline with the metal
calipers at the narrowest width behind the shoulders.
4, Average width - an average of the three above measurements.
5. Length hock to twist - taken with the metal calipers by
setting the metric rod prependicular to the table top and
then sighting the crossarm of the calipers (parallel to
tabletop) at the hock and at the twist.
6. Depth rear flank - one arm of the calipers was placed on
the top of the back directly above the rear flank and the arm
leveled so that it was parallel to the table top, the other
arm of the caliper was raised until it touched the rear flank;
the distance between the two arms was termed depth of rear

flank.
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T. Depth of forerib - the distance from the chest floor to
the topline directly behind the shoulder, measured with
metal calipers.

8. Height at withers - the distance from the table top to
the highest point of the withers, measured on the metric
stick.

9. Circumference of gaskins - measured with string in 1957
and 1958 and with steel tape in 1959. It was difficult
to establish reference points on the leg for this measure-
ment in order that it would be taken at the same place on
all animals. The measurement was made keeping the measuring
device in a parallel plane with the table top and making the
circumference measurement at the point on the gaskin where
the inside of the leg is met by the rear twist.

10. Circumference of forearm - made with string or steel tape
directly below the elbow joint.

Additional live animal measurements made in 1959.

11. Length of foreleg - distance from the elbow to the table
top measured on the metric rod.

12, Depth of hind - made with the steel tape and was an attempt
at measuring muscling in the leg. The measurement was made
from the base of the dock to the break in the twist.

13. Depth to rear flank - made with the steel tape in an attempt
to measure the contour or fullness of the loin region instead
of merely the depth from the topline to the rear flank as in

measurement number six. The measurement was taken from the
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center of the lumbar vertebrae to the rear flank.

14. Circumference of heart girth - taken with the steel tape
by passing it around the lamb behind the shoulders on the
top and around the foreflank.

C. Weight measurements.

Weight off test and slaughter weights were taken on lambs on a
Toledo scale Model 2181 that was checked for accuracy by the Michigan
Department of Agriculture's Inspector of Weights and Measures. The
weights were taken to the nearest tenth of a pound.

1. Weight off test was made just prior to shearing.

2. Slaughter weight was made directly after shearing.

3. Wool weight of lambs was determined by difference between

weight off test and slaughter weights.

D. Carcass measurements.

All of the carcass measurements were made by personnel of the
Meats Department at Michigan State University under the supervision of
Dr. R. J. Deans. Considerable improvement in procedures was made in
obtaining the 1959 carcass data and therefore these data have been
treated separately. Heritability estimates were only determined on
those carcass traits that were felt to have been measured with the

same accuracy for the duration of the study.



VI. RESULTS OF EXPERIMENT

A. Repeatability Estimates of Live Animal Measurements.

If live animal measurements are to be of any value in predicting
carcass desirability it is essential that the measurements can be taken
with an accuracy that makes them useful and easily duplicable. In an
attempt at establishing some degree of confidence in the live animal
measurements repeatability estimates were made on thirteen traits
measured on the ninety-four 1959 lambs. This was done by taking
independent duplicate live animal measurements. All thirteen of the
live animal measurements were taken from an animal and then the entire
procedure was repeated. In this manner no particular measurement was
taken consecutively. Thus the second measurment should not have been
influenced by knowledge of what the first record was. The repeatability
estimates of live animal measurements were calculated as the correlation
between the two measurements taken on the same individual.

In order for measurements to be highly repeatable it is necessary
to establish definite reference points on the animal which are easily
detectable. Many live animal measurements are affected by the movement
and temperment of the animals at the time the measurements are made.
Therefore, measurements were made on the lambs only as they stood
quietly and squarely on a trimming and blocking table.

The repeatability estimates obtained are given in Table 1. They
ranged from 0.7l for length hock to twist to 0.91 for circumference
of heart girth. All of the repeatability estimates were significant
at the 1% level. The highest estimates were for the circumference of
the heartgirth (0.91) and the height at the withers (0.90). These

-PP=
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measurements have been continually reported as having high repeatabilities

in cattle as well as sheep by Lush (1928), Phillips and Stoehr (1945),

TABLE 1

Repeatability Estimates of Live Animal Messurements

Measurement Number of Animals® Repeatability
Estimate
Depth hind (tape) oL .90
Depth to rear flank (tape) 89 .85
Depth of forerib ok .82
Depth rear flank 9L .82
Width of thurls 9L .75
Width of loin 9k .83
Width of rack ok )
Length hock to twist 93 .T1
Length of foreleg 93 <Th
Height at withers 9k .90
Circumference of gaskins ok .T2
Circumference of forearm ok .80
Circumference of heart girth oL .91

.267 required for significance at P.Ol

aUneq_ual numbers are due to the failure of the investigator to obtain
duplicate measurements for some traits.
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Tallis et al. (1959), and Orme (1958).

High repeatabilities were also obtained for tape measurements of
depth of hind (0.90) and depth to rear flank (0.85). The lowest
repeatability was for length hock to twist (0.71) and this was under-
standable since it was obtained by sighting the two bars of the
calipers. The circumference of the gaskins was also lowly repeatable
(0.72) and likewise reflects difficulty in duplicating the measuring
technique.

As with Orme's data (1958) the width measurements showed a lower
repeatability than the height measurements. Width of the loin (0.83)
appeared to be more accurately measureable than either width of the
rack (0.75) or width of the thurls (0.75). The most surprising result
is the relatively low repeatability for the linear skeletal structure
the length of foreleg (0.74). 1In general, the results of this study
agreed with those expressed in the literature and all indications are
that live animal measurements may be taken with reasonable accuracy
on sheep.

Although usefully high repeatabilities were obtained for all
measurements there were some possible sources of error of which the
investigator must be constantly aware. The basic problem is that the
body contours do not readily lend themselves to linear measurement.
For those areas where circumference measurements were made, the exact
place of measuring, as well as the snugness of the measuring tape,

can have a large effect upon the results.
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B. Relationships between live animal measurements and carcass traits.

The literature review revealed some of the many relationships
that have been found between live animal measurements and carcass
measurements by other workers. The present study consisted of seventeen
live animal measurements and forty carcass measurements between which
simple product moment correlations were calculated. This shotgun
approach to the problem was used to test for high relationships between
live animal objective measurements and desirable carcass traits.

The data from ninety-four lambs in 1959 have been handled
separately from the combined data from one hundred and thirteen lambs
in 1957 and 1958. The 1959 data contained more complete live animal
measurements and in addition had the benefit of improved laboratory
techniques for obtaining more accurate and complete carcass measurements.
It was the belief of this investigator and Dr. R. J. Deans of the M. S.
U. Meats Department that more credulity could be placed in the 1959
carcass data. For this reason, major emphasis was placed on the more
recent data with the 1957 and 1958 studies serving for comparison
purposes.

The calculstion of correlation coefficients were obtained through
the use of digital computor methods which greatly reduced the time of
calculation and increased the volume of data that could be analysed.
The complete record of all the correlation coefficients for 1957-1958
and 1959 are reported in the appendix. The following discussion
includes only the results that appeared most meaningful.

1. Weight of carcass (Table 2).

Weight is not a single satisfactory criteron of a desirable carcass
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but there has been considerable interest in methods of estimating
carcass weight in the live animal. As might be expected, the two live
animal messurements which had the highest correlation with carcass
cutting weight were slaughter weight (r = 0.85) and circumference of
TABLE 2.

Correlstions between live animal measurements and carcass weight.

Live animal measurement Carcass Hot carcass
Cutting Weight
Weight
Slaughter weight 0.85%* 0.86%%
Circumference of heart girth 0.75%* 0.73%*
Width thurls 0.13 0.13
Width loin 0.59%% 0.57%*
Width rack 0.63%* 0.61%%
Average width 0.6L%* 0.63%%
Depth hind (tape) 0.22 0.25
Depth to rear flank (tape) 0.41%* 0.43%%
Depth rear flank (calipers) 0.00 0.02
Depth of forerib 0.21 0.22
Length hock to twist -0.17 -0.16
Length of foreleg 0.35%* 0.39%*
Height at withers 0.30% 0.32%
Circumference of gaskin 0.46%* 0. L7**
Circumference of forearm -0.13 -0.16
¥ Significant P = .05
¥* Significant P = .01

heart girth (r = 0.75). The weight of the carcass represents such a
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large part of the slaughter weight that the close association between
them was expected. Numerous workers (Lush 1928, Wanderstock and
Salisbury 1946, Barton 1938 and Kidwell 1955) have reported a close
association between heart girth and live weight in beef cattle and
since a similar situation appeared to exist in sheep (r = 0.61) it was
not surprising that heart girth was also correlated highly with carcass
weight.

It is interesting to note that two of the width measurements were
highly correlated with carcass weight. The width of the rack (r = 0.63)
and width of loin (r = 0.59) both were highly significantly correlated
with carcass weight while the width of thurls was only slightly
correlated (r = 0.13). The average width was correlated 0.6L4 with the
carcass weight. This was in agreement with, but not as high as, a
similar relationship of 0.T72 reported by Katada and Takada (1959). The
circumference of gaskins (r = 0.46) and depth to rear flank (r = 0.L1)
were also found to be significant indicators of carcass weight.

2. Weight of carcass cuts. (Table 3).

An examination of the data indicated one striking result--slaughter
weight was the one live animal measurement that was correlated most
highly with the carcass weights. Green (1954) reported that live
weight was the single measurement in cattle that was most closely
correlated with weight of the preferred cuts. Orme (1958) agreed
that the weight of the animal largely determines the ultimate weight
of the wholesale cut. Similarly it was found in this study that the
weight of the various cuts was correlated closely with the slaughter
weight of the animal. Slaughter weight was correlated 0.81 with the

weight of the fore and 0.81 with the weight of the hind. The weight
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of the leg, untrimmed loin, trimmed loin, rack and kidney knob were
correlated with slaughter weight by 0.80, 0.33, 0.55, 0.61 and 0.51,
respectively, in 1959. The correlations of slaughter weight to the
same measurements in the 1957-1958 data showed similar results.
Circumference of the heart girth was the next most highly correlated
TABLE 3.

Correlations between live animal measurements and weights of carcass cuts.

Weight Weight Weight Weight Weight Weight Weight

Fore Hind Leg Un- Trimmed Rack Kidney
trimmed Loin Knob
Loin

Slaughter weight 0.81%% 0,81%% 0.80%% 0.33% 0.55%%  0.61%% 0.51%%

Circumference of

heart girth 0.T3%*% 0.6T%%¥ 0.62%% (0.28% 0.37%%  0.55%% 0Q.,52%%
Width of thurls 0.20 0.04 0.29%  0.22 -0.11 0.02 0.24
Width of loin 0.53%% 0.54%*% 0.53%% 0.19 0.50%%  Q.54%% O, LLxx*
Width of rack 0.62%% 0.56%% 0O.L6** 0,28% 0.29% 0.4g*% Q.L5%*
Average width 0.65%% 0.54¥% 0,63%% 0,35% 0.28% 0.48%% 0.28%
Depth hind (tape) 0.22 0.24 0.18 0.03 0.10 0.06 0.14
Depth to rear

flank (tape) 0.30% 0.46** 0,27 0.22 0.47%*% Q. 41%* 0,51%%
Depth rear flank

(calipers) 0.0k 0.01 -0.1k 0.07 0.32% 0.22 0.30%
Depth of forerib 0.25 0.18 0.36%% 0.0k 0.15 0.13 =-0.08
Length hock to

twist -0.07 -0.20 -0.08 0.53%% -0.07 -0.06  =0.34*
Length of foreleg 0.32% 0.36%¥% 0.5L%% 0.17 0.28% 0.25 0.09
Height at withers 0.31% 0.,30% 0.L5¥* 0.2k 0.26 0.28%  0.13

Circumference of
gaskin 0.37¥% 0.L5%% O 46%** Q,Lo¥* O L7¥% 0.49%¥* (0,31%

Circumference of
forearm -0,12 =016 .17 -0.24 -0.Lo¥*  -0.L43¥* _0,53%%

* BSignificant at P = .05
*% Significance at P = .0l
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measurement with various carcass cut weights. Weight of fore (r = 0.73),
weight of hind (r = 0.67), weight of leg (r = 0.62), weight of rack
(r = 0.55) and weight of kidney knob (r = 0.52) all were significantly
correlated with circumference of heart girth. However, neither the weight
of the trimmed nor the weight of the untrimmed loin were as closely
associated with the heart girth measure.

The other live animal measurements that were closely associated
with the weights of the various carcass cuts were width of loin, width
of rack, average width and depth to rear flank (tape). In addition the
circumference of the gaskin was significantly correlated with the weight
of all the carcass cuts. Generally the depth of hind, depth rear flank
(calipers), depth of foreribs, length hock to twist, length of foreleg,
height at withers and circumference of forearm were all measures that
exhibited little relationship with the weight of the primal cuts.

More specifically the various live animal width measurements
seemed related to the weight.of the area they measured in the carcass.
Width of the thurls was significantly correlated (0.29) with the weight
of the leg. The width of the rack was correlated (r = O.h9) with the
weight of the rack. The width of the loin was correlated (r = 0.50)
with the weight of the trimmed and loin but in 1959 not significantly
with the weight of the untrimmed loin. This later finding is in
agreement with Ljungdahl (l9h2) who found live animal loin width a
poor measure of untrimmed loin weight (r = 0.18). However, in the
1957-1958 data the width of the loin was highly correlated to the
weight of the untrimmed loin (r = 0.57) as well as to the weight of the

trimmed loin (r = 0.62).
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The highly significant correlations between length of foreleg
and weight of hind (0.36) and weight of leg (0.5L4) were not expected.
Another unexpected result was the significant negative correlations
between circumference of forearm and weight of trimmed loin (-O.hE),
weight of rack (-0.43) and weight of kidney knob (-0.53). This would
mean that the larger the forearm of the lamb in circumference the
lighter the weight of these particular carcass cuts. A similar
negative relationship was not noted in the 1957-1958 data.

3. Linear carcass measurements.

A number of the linear live animal measurements were significantly
related to their counterpart measurements in the carcass. For example,
the length of the foreleg in the live animal was a good messure of
length of forecannon (r = 0.54), and weight of forecamnnon (r = 0.68)
in the carcass. The depth of the forerib in the live animal was
highly related to the depth of the thorax in the carcass (r = 0.58).
However, circumference of the gaskins was correlated lowly with the
circumference of the leg (r = 0.12). The circumference of the forearm
in the live animal was likewise poorly related to the circumference

0.25), and the loin width was correlated

of forearm in the carcass (r
lowly with loin eye width (r = 0.20) but strangely was significantly

0.4k).

related to loin eye depth (r
4. Carcass grade. (Table L4).
None of the live animal measurements taken in 1959 showed a
significant correlation with carcass quality grade but in the 1957-1958
data carcass quality grade was correlated with slaughter weight 0.56,

depth of rear flank 0.40, depth of forerib 0.60, width of rack O.L41 and
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width of loin 0.5k.

The depth of the rear flank and the circumference of the forearm
were the only two live animal measurements that had highly significant
correlations with conformation grade in 1959. In 1957-1958 slaughter
weight, depth of forerib, width of loin and width of rack were also
significantly correlated with conformation grade.

TABLE k4.

Correlations between live animal measurements and carcass grades.

Carcass quality grade Conformation Final grade

Grade
1959 1057-58 1959 1957-58 1959 1957-58
Slaughter weight 0.19 0.56%% 0.3L4*% 0.53*%*% 0.24 0.16
Circumference of
heart girth 0.19 - 0.27 - 0.36%% ==
Depth rear flank
(calipers) -0.19 0.4O%% 0.LE6*¥* 0,36%% -0.20 0.01
Depth of forerib -0.07 0.60%% 0.08 0.66%% -0.08 0.02
Width thurls -0.18 0.17 0.18 0.16 -0.18 0.00
Width loin 0.15 0.54%% 0.23 0.55%% (0.30% 0.20%
Width rack 0.22 O.b1%% 0.29%  0.46¥* 0,LO** 0,39%*
Average width 0.07 - 0.35% == 0.23 -
Circumference of forearm
0el2 -0.08 0.38%¥% 0.08 ~0.29% 0.02
Height at withers =-0.24 0.1k4 0.27 0.05 -0.29% -0,33%
¥ Significant at P = .05
** Significant at P = .01

In 1959 final grade was highly correlated with circumference of the
heart girth (r = 0.36) and width of rack (r = 0.40), and less highly
correlated with the width of the loin (r = 0.30). There was a negative

association between height at withers (r = -0.29) and final grade. Thus
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the lambs which were lower at the withers and wider in the rack and loin
tend to grade higher. Similar conclusions were indicated by the 1957~
1958 data. This corroborated the findings in cattle of Lush (1928),
Cook et al. (1951) and Yao et al. (1953). In cattle, Kidwell (1955)
and Orme (1958) both reported significant correlations between heart
girth and grade although they were somewhat higher than the present
results (i. e., r = 0.65 and r = 0.69).
5. Carcass lean. (Table 5).
TABLE 5.

Correlations between live animal measurements and carcass lean.

Shoulder Leg area Area L. Combined

Cross Lean dorsi Lean

Section

Lean
Slaughter weight 0.16 0.59%% 0.39%% 0.53%%
Width thurls 0.24 0.25 0.12 0.31*
Width loin 0.13 0.34%* 0.54%* 0.37%*
Width rack -0.06 0.13 0.25 0.09
Average width 0.17 0.35%% 0. LiL*x 0.39%%
Depth of forerib -0.09 0.34* 0.27 0.29%
Length of foreleg 0.37%% 0.63%% 0.29% 0.64%%*
Height at withers 0.34% 0.59%% 0.20 0.59%%
Circumference of gaskin 0.23 0.37%* O.L3%% 0.39%*
Circumference of forearm 0.08 -0.01 0.05 0.08
Circumference of heart

girth -0.0k4 0.32% 0.37%* 0.27

¥ Significant at P = .05
¥¥ Significant at P = .01

Several workers have recommended the use of weight of primal cuts

as indicators of total carcass leanness. (Reviewed by Harrington 1958).



-33-
The weight-live animal measurement relationships have already been dis-
cussed. Cole et al. (1960), Barton and Kirton (1958) and others have
studied the use of separable lean of a sample cut or joint as an index
for total carcass leanness. In the present study, however, no physical
separation was performed in the carcass analysis so these relationships
were not examined.

The carcass measures of leanness used in the study were: area
lean of shoulder cross section, leg area lean, area of longissimus dorsi
and combined lean, which includes the three previous measures and the
area of sirloin.

The lean area of the shoulder cross section was highly significantly
correlated with only one live animal measurement, the length of foreleg
(r = 0.37). It was less highly correlated (P = .05) with height at
withers (r = O.3h). In the data from the two previous years, the lean
area of the shoulder was also correlated with slaughter weight (r = 0.53),
width of loin (r = 0.50), and depth of forerib (r = 0.52).

Botkin et al. (1959) found the leg area lean to be a good measure
of meatiness in lambs. He felt that live animal measurements of the leg
held promise for predicting leg lean. In the present study, the leg
area lean was highly correlated with slaughter weight (r = 0.59),
length of foreleg (r = 0.63), height at withers (r = 0.59), and
circumference of gaskins (r = 0.37). It was also significantly, but

0.35), width of loin

]

not as highly, correlated with average width (r

(r = 0.34), and circumference of heart girth (r = 0.32). Similar
results were obtained in the 1957-1958 lambs with the additional

correlation of O.4k between leg lean and width of thurls. In 1959 the
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live animal leg measurements width of thurls, depth of hind, and length
hock to twist were not significantly correlated with the leg area lean.

Branaman (1939) and Palsson (1939) reported the area of the loin
eye to be a good indication of carcass lean. Botkin et al. (1959) felt
the leg a better measure of total lean than the loin eye area.
Matthews (1959) reported the area of the loin eye was not a good
measure of leanness. However, as the eye muscle represents the highest
priced part of the lamb carcass, any measure of its size on the live
animal is valuable. The area of the longissimus dorsi muscle was
correlated 0.54 with the width of the loin measured in the live
animal. This compared closely with the correlation of 0.50 obtained
in lamb by Ljungdahl (l9h2) for the same relationship. It also
compared favorably with the correlastions found between needle probe
depths of loin eye and area of loin eye by Matthews (1959) (r = 0.56
and 0.59), Stouffer et al. (1958) (r = 0.42) and Knight et al. (1959)
(r = 0.53). In addition, Ljungdahl reported a correlation of 0.63
between area of the eye muscle and width of the rack (live animal)
but this result was not duplicated in the present study. However, the
area of the longissimus dorsi was found to be significantly correlated
with average width (r = 0.44), circumference of gaskin (r = 0.43) and
circumference of heart girth (0.37). The only significant live animal
measurement with area of the longissimus dorsi in the 1957-1958 study
was circumference of the forearm (r = 0.39). This relationship was non
existant in the 1959 lamb data (r = 0.05).

The combined lean in the lamb carcass (i. e. shoulder, loin,

sirloin and leg lean areas) was significantly correlated with length
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of foreleg (0.6k4), height at withers (0.59), slaughter weight (0.53),
circumference of gaskin (0.39), average width (0.39), and width of loin
(0.37). It was also correlated significantly but not as highly with

the width of thurls (0.31) and depth of forerib (0.29). Similar,
although somewhat higher, relationships were found in 1957-1958 with

the exception that the circumference of gaskin was not and the width of
the rack was (0.47) significantly correlated with combined lean.

6. Carcass fat. (Teble 6)

Estimates of fatness were made in the carcass from weight, linear
and area measurements of fatty areas and from ether extractions. The
weights taken were kidney knob, caul, and ruffle fat. The linear
measures were of fat thickness at 12th rib and at sirloin (average of
three measurements). The fat area measurements were made with the
planimeter from tracings of the shoulder cross section fat area and
leg cross section fat area. Ether extract determinations were made on
the loin eye muscle. The ether extract of the loin eye muscle was
not significantly correlated to any of the live animal measurements.
Most of the live animal measurements that were significantly correlated
with carcass weight were also highly correlated with fat in the carcass.

The width of rack was the one body measurement that was highly
correlated with the most carcass measures of fat, being correlated 0.37
with shoulder cross section fat, 0.39 with fat thickness 12th rib, 0.45
with weight of kidney knob, 0.58 with combined fat, 0.30 with ruffle fat,
0.39 with caul fat and 0.60 with fat thickness of sirloin. Slaughter
weight, circumference of heart girth, depth of rear flank, width of
loin, average width and circumference of gaskin were also body
measurements that were significantly correlated to fat in the carcass.

The circumference of the forearm was negatively associated with all
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measures of fatness in the carcass just as it was with weights of
carcass cuts. The length hock to twist also indicated a negative
association with several fat measurements.

T. Effect of holding carcass cutting weight constant.

Since many of the body measurements and carcass traits were
influenced by body weight, standard partial regressions were
calculated between the live animal measurements and carcass traits
holding the effects of carcass weight constant. The standard partial
regression coefficients obtained between nine live animal measurements
and seven carcass characters are listed in Table T.

With the carcass weight held constant, the length of the foreleg
accounted for 25 percent of the variation in both leg cross section
lean area and combined lean. These were the two highest relationships
observed. The height at the withers also accounted for 21 percent of
the variation in leg lean and combined lean.

All other relationships were quite low. The width of rack was
associated with 17 percent of the variation in combined lean and 12
percent of the variation in leg lean and shoulder lean. The width of
the loin accounted for only 10 percent of the variation in loin eye
area with carcass weight held constant. With the slaughter weight
held constant the width of the loin accounted for 22 percent of the

variation in loin eye area.
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C. Heritability estimates of live animal and carcass measurements.

The ultimate purpose of this study was to determine if there were
indicators of lamb carcass desirability that could be measured in the
live lamb. It has been shown that live lamb measurements can be taken
with a high degree of accuracy and their relationship to the carcass
has been discussed. Heritability estimates were calculated on 10 live
animal measurements to help determine their usefulness as aids to
selection in breeding for better lamb carcasses. Heritability estimates
were also determined for 6 commonly used carcass measurements.

The heritability of a trait may be defined as the fraction of the
observed variance (i.e. phenotypic variance) in a trait that is due to
the genic variance for that trait in that population. In other words,
heritability is based upon the supposition that related individuals
will resemble each other more (be more uniform or have less variability)
thé% non related individuels in the population. The method used to
calculate the heritabilities was to multiply the correlation between
paternal half sibs by k.

For most traits there were a total of 227 lambs from 24 sires within
5 breed-year groups. The mean squares were calculated for the between
sires within breed-year subgroups and for the between individuals
within sires. The within sire mean square was considered an estimate
of the variance within sire groups (o"e) The between sire within
breed-year mean square was considered an estimate of the within sire
variance component (&) plus the average number of individuals per sire
group (&) times the variance component between sires (6°%). Heritability

was calculated as the intraclass correlation between paternal half-sibs
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times 4 or heritability = 0 X 4. The correlation was multi-
TFF

plied by 4 since two offspring from the same sire only have one-fourth

more of their genes in common, on the average, than do unrelated

animals in a flock. The following model was used to estimate the compo-

nents of variance: (Symbolism as in Ostle (1956)).

Yijkm =M * Pis * Si5k * eikm
Where M is an effect common to all observations,

is an effect common to all lambs born in the ith year in the
Jjth breed, 543k is an effect common to a&ll lambs born in the ith
year in the jth breed from the kth sire, €5 jkm is an effect
common to each individual lamb.

Thus @ e? represents the variance within sire groups and 6 s the

variance due to sires.

Method of analysis:

Source of variation df M. S. E (M.S.)
Between sires within (Yijk-)2 1"(Yij..)2 72 4 g%% o2
n . ‘ n-
breed-years 19 EBLS 9 EH
Between individuals z(Yijkm)2 - é(Yi.k.)2
within sires 203 njjk Fe?
203

The heritability estimates are listed in Table 8 along with the
mean squares between sires and within sires.

The heritability estimates for all body measurements of width and
depth were below 0.18. Similar results were reported by Dawson et al.
(1955) in cattle for width but not depth measurements and by Taneja

(1958) in lamb for all body width, depth and length measurements.



TABLE 8

Mean Squares and Heritebility Estimates of Live Animal and Carcass
Measurements.

MS MS pra Heritability
Between Within estimate

Measurement Sires Sires
1. Width of thurls 1.71 1.53 .019 0.05
2. Width of rack 0.91 1.11 -.022 -0.08
3. Width of loin 0.57 0.98 -.0L43 -0.18
L. Height at withers 5.93 3.10 .299 0.36

Depth of forerib 0.93 0.86 .007 0.03
6. Depth of rear flank 6.80 4.78 224 0.18
T. Circumference of

forearm 2.18 1.23 .100 0.31
8. Circumference of

gaskin 2.07 2.10 -.003 -0.01
9. Length hock to twist  3..48 2.92 .06 0.08
10. Wool weight 0.57 1.06 -.059 -0.24

.11. Area of L. dorsi 0.129 0.033 .010 0.93

12. Ether extract 0.482 0.943 -.053 -0.24
13. Fat thickness 12th

rib 3.00 3.31 -.033 -0.04
1L4. Weight kidney knob 0.64 0.26 .0ko 0.53
15. Carcass length 6.96 8.7k -.188 -0.09
16. Leg area lean 2.30 0.72 .169 0.76

The estimates of heritability of body measurements in cattle have
indicated heritabilities are high for certain skeletal measurements and
low for fleshing measurements. In the present study the heritability
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estimate for height at withers, one of these skeletal measurements, was
0.36 considerably below those found in cattle. The heritability
estimates of height at withers in cattle were: Schutte (1935) 0.76,
Dawson et al. (1955) 0.65 and Weber (1957) 0.63. Taneja (1958)
had no heritability estimate of wither height in lambs but he did
report a heritability of 0.30 for forecannon length. In swine
heritability estimates of leg length have also been high, as reported
by King (1957) and Anderson (1954).

The circumference of the forearm was found to be lowly correlated
with most carcass traits yet had a heritability estimate of 0.31. The
circumference of forearm was significantly but negatively correlated
with only several carcass weight measurements and was not significantly
correlated to circumference of the forearm in the carcass. The circum-
ference of the gaskins, depth of rear flank and length hock to twist
all were very lowly heritable and had the lowest repeatabilities;
therefore, these measurements appeared to have little value as selection
indices in a breeding program.

Two of the fat measurements in the carcass, ether extract and fat
thickness 12th rib, were lowly heritable but the heritability for
weight of kidney knob was 0.53. The estimate for carcass length was
also lowly heritable (-0.09) while several workers had reported it to
be about 0.50 in swine.

Two measurements of leanness in the carcass proved to be highly
heritable indicating that selection for these traits would be worth-
while. The heritability estimate for leg area lean was 0.76. The

heritability estimate for area of the longissimus dorsi muscle was 0.93.
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This measurement has been reported to be highly heritable in cattle

and swine by numerous workers but no reports have estimated it as high

as that found in the present study. The high heritability of loin eye

area in lamb is encouraging for it indicates that loin eye size can be
improved by selection if adequate means of estimating the loin eye in

the live animal can be developed.



SUMMARY AND CONCLUSIONS

The animals used in this study were 227 lambs that were born at
Michigan State University over a three year period as part of a ram
progeny testing program. Live animal measurements were taken on the
lambs Jjust prior to slaughter and measurements were taken on all the
carcasses.

Repeatability estimates were made on the 1959 live lamb measure-
ments to establish some degree of confidence in their accuracy.

Height at withers and circumference of heart girth were the two
measurements that were most repeatable. Poorest repeatabilities were
obtained for the measurement of length hock to twist and circumference
of gaskins.

The relationships between live animal measurements and carcass
traits were examined. Simple product moment correlations indicated
that slaughter weight was the one live animal measurement that
correlated most highly with the most number of carcass traits.
Slaughter weight was significantly correlated not only with weight of
carcass cuts but also with carcass measures of leanness and fatness.

The circumference of the heart girth appeared to be a good
measure of carcass weights, either of the whole carcass or of its
cuts, but & poor measure of leanness as expressed by lean area of leg,
combined lean, or shoulder cross section lean. The circumference of the
heart girth was significantly correlated with the area of the loin eye
but when the standard partial regression was calculated the circumference
of heart girth accounted for only 1 percent of the variation in loin

eye area. The circumference of the heart girth was highly correlated
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with most measures of fat in the carcass.

The measurements on the live animal body were generally highly
correlated with carcass measurements of the same area. The two leg
circumference measurements are exceptions as the correlation was low
between live lamb forearm and gaskin circumference and the circum-
ference of the same areas in the carcass.

The circumference of gaskin was a measurement that was difficult
to obtain with a high degree of accuracy but it was significantly
correlated with the weights of the primal cuts and measures of lean in
the leg.

The length of foreleg and height at withers were two live animal
measurements that were correlated with each other (r = 0.66) and both
were highly correlated with weight of the leg of lamb and leg lean
area. The standard partial regressions of these two traits showed
them to account for over 20 percent of the variation in leg lean area
and combined carcass lean when carcass weight was held constant.

Generally the live lamb width measurements were closely associated
with the weight of the corresponding area in the carcass. The average
width measurement was positively correlated with leg area lean, area of
loin eye, and combined lean. The live animal measurement of loin width
was the measurement that correlated most highly with area of the loin
eye; The standard partial regression of area of loin eye on loin width
holding slaughter weight constant showed that the loin width accounted
for over 20 percent of the variation in loin eye area. Width at thurls
was a poor reflection of either leg weight or composition.

The depth of hind, depth of rear flank, depth of forerib, length
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hock to twist, and width of thurls were all live measurements that had
little value in indicating either the weight of primal cuts or lean-
ness in the carcass.

Standard partial regressions showed that none of the live animal
measurements accounted for a large fraction of the variation in carcass
traits when the carcass weight was held constant.

Heritability estimates of live lamb measurements, when calculated
by the method of correlation between paternal half sibs, were on the
whole quite low. The only heritabilities large enough to be used as
aids in selection were 0.36 for height at withers and 0.31 for
circumference of forearm.

Heritability estimates proved to be high for three of six carcass
characters checked. The weight of the kidney knob heritability was
estimated as 0.53. The leg area lean had a heritability estimate of
0.76. The estimate of heritability of area of the loin eye proved to
be 0.93 in the present study.

The area of the loin eye was a carcass trait upon which genetic
improvement might be possible if a consistently accurate measure of
this trait can be found in the live animal. A correlation of 0.5k
was found between body loin width and area of the loin eye in 94 lambs
in 1959 but because this estimate did not agree with the 1957-1958
results (r = 0.26) no meaningful conclusions can be made.

The leg lean area was highly heritable and correlated significantly
with slaughter weight (r = 0.59), length of foreleg, (r = 0.63) and
height at withers (r = 0.59). The standard partial regression showed

that length of foreleg accounted for one fourth of the variation in leg

lean area when carcass weight was held constant.
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