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THE RELATICHSHIP CF CERTAIT BODY LEASURZIZITS CF FZZDER CALVES TO

THASIR PEZRFORMAICE IN THE FZZD 1OT

IXTTRCDUCTION

The idea that body shave or conformation is intimately related
to the subsequent performance of the individual is as old as the breeds
- themselves., If such a relationshlp significantly exists it should be
possible by carefully studying and observing the outward apvearance of
the animzls to successfully select those individusls which would most
nearly fulfill the desired purpose. This relatioan is embodied in the
one-word expression "type" which Vaughan (3) defines as being "an ideal
or a standard of perfection, combining all the characters which contribute
to the animal's value and efficiency for the purpose specified." 1t is
upon this doctrine that stock shows and stock Judging are based. Just
what constitutes the ideal type has been the result of agreements reached
throuzh an exchange of oninlons and experiences of the breeders themselves,
Thouch there was no systematic study made of the performances of this
correct type, the tyre was quite universally accepted and selected for,
However, from time to time such factors as "fads" and differences of
opinion caused the Judging standard to change and with these changes
taking place one cannot often be sure whether the change was an actual
improvement or the reverse. As particularly vivid illustrations of such
changes one may cite the radical type changes that have taken place in
swine duringz the period of 1310 to 1325, and to a lesser degree, the
changes that have taken place in the modern draft horse. Beef cattle,
however, have been bred and selected since the earliest work of Bakewell
with the same objective in mind., Their type has gradually approached

perfection without the infusion of any radical "fads" or opinions.
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Because this type has met with the aporoval of breeders and judges over
such a long period o} time, it has certainly been subject to a most
severe test, yet there is no snecific evidience which would give this
type any advantage.

This study brings together data in an effort to determine
more accurately the extent of the relation, if any, that the present

body shape has to the future performance of the animal in the feed lot

and also to determine the value of the mechanical measurements.

REVIEW CF LITIRATCRS

The study of body measurements and their relation to the
ultirmate performance of the animal is not an extensive one., The literature
is quite lacking and of a varied nature. lost of the work that has been
done in their field has not been done with beef cattle. Rather extensive
work has, howvever, been done with dairy cattle and to a lesser degree
of draft horses and lambs. The greater part of the availeble data does
not atterrt to relate the future outcome of an animal with its nresent
shape. The studies have followed the nature of a change in measurements
of growing or fattening animals. None of this work that has been done
has attempted in any way to determine the efficiency of the animal in
regard to the variety of type that may be present, nor has an extensive
survey been rade of the averagse dally gain and the feed required to
produce 100 pounds of gain and their relation to body shape. A considerable
amount of work has been done with dairy cattle but none of this material
has any relation or bears any facts that might assist one in determining
the value of shape so far as fatteninz animals are concerned. There has
also been a small amount of work done with draft horses, but here again

this work has no bearing on the fattening of cattle, consequently, this
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field is quite wanting for information,

Hultz (1), working with range-bred Herefcrd calves, observed
the changes in the individuals during the fattening pericd. He did not
mechanically measure eny of the aninals. He selected them to fit into
e type series rangirg from low get to very rangy. The results of this
experiment irdicate that the low set calves tend to become more rangy
and that the rangy calves tend to improve in type during the fattening
period.. This study did not clascify the efficiency of the different
tyres during the fattening period and the results obtaired from this
experiment seemed to te more or less contrary to the present belief
trat the low set individuasls are potentially the good doers,

Severson and Garlauch (2) used linear measurements and obtained
rather low correlations, and since body shape depends upon a proportion
of measurements, hisher correlations might have been obtained by calculat-
irg the multivle correlation or by using a proportion of measurements,
Thelr work dealt with the change in measurements as the animal fattened
and does naot represent a study of efficierncy or performance.

Lush (5) has undoubtedly done more work in the measurement of
beef cattle than any other investigator, He worked with a large nurber
of range-bred Herefecrd steers. He made a large nurber of body measure-
mente and calculated the multiple correlation of these measurements with
the rate of galn, dressing per cent, and the value of the dressed carcass.
He found that in spite of the accuracy of measurements and weights that
the size and the shape of the feeder steers only slightly indicated the
extent of this desirability at the end of the feeding period. The data
also indicated that the long-bodied tall steers with large middles, small
flank girtk, and thin loins made the faster gain. Here azain the results
obtained by measurements are contrary to the belief that we have of tre

present tyne steer, Lush states "that no score card or standard based
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on conformation could ever be so accurate that the future performance

of the individual steer could be predicted from it with dbut few mistaitee, M
His conclusions were that form and function were not closely enough
correlated, which simrply means that we have beern placing too much welght
or emphasis on the chape of our fattening cattle. v atterpt was made

in this study to correlate type of body or body shape with the efficiency

of the gain,

EXPIRIMENTAL MATERIAL

This study was started in the fall of 1932 and 1923 and was
continued throuch a pericd of three consecutive years. The data studied
consists of various measurements and performances of thirty-five head
of Hereford heifers. The data were collected incidental to the major
obJective of a fattening experiment being carried on by the Michigan
Agricultural Experiment Station and the Bureau of Animal Industry of the
United States Department of Agriculture. Three experiments were conducted,
one each in 1932-33, 1933-34, and 1934-35. 1In each experiment twelve
purebred Hereford heifers from the United States Range Live Stock Experi-
ment Station, Miles City, lontana, were used. Periodic killings were
made at intervals of about 49 days, with the first kill starting at about
121 days. The purpose of these samplings was for the major objective
and not necessarily planned to fit the measurement and perfornance study.
There were four such sarplings which resulted in nine individusls for
each kill., The last, or fourth, kill is represented by only eight animals,
The dats on heifer No. 7 of 1934-35 was found to be incorplete and she
was necessarily eliminated.

Each kill was treated as one single unit in the study of

average daily gain and of feed required for gains in weight., The entire
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group was treated as a single unit in the case of feeder grade since all

calves were grzded at the beginning of the exgperiment.

METHCD CF CALCULATICW

Because these calves were selected for uniformity of type, it
seemed unnecessary to cormpute a multiple correlation between the measure-
ments used and the performances of the fatiening animals, so for convenience
the least square method of calculating was used as it is outlired by Arkirn
and Colton (3). The standard error of estimate is a measure of the variation
or the scatter about the line of regression. One standard error will in-
clude 683 of the cases measured off plus and minus about the line of

regression,

LEASUREMENTS USED

Some thirty measurements were taken and recorded in centimeters
(Figure 1). To study width of the animals a group of measurements consist-
ing of width of shoulder, width of crop, width of last rib, width of loin,
width through the thurls and width at the rump were taken (Figure 2).
This group of six widths were summed and an average width figure obtaired
with which to work, The depth measurements were made at brisket, fore
flank, belly, rear flank and round (Fizure 3). These were also sumamed
and averaged to give an average depth figure. The length of body was taken
from a point just ahead of the top of the shoulder to the pin bone and the
fore legz length was obtained by taking the difference between the height
of body at the withers and depth of chest. Besides these measurements
there was for each animal an average dally gain figure, a feeder grade
and the total digestible nutrients per 100 pounds gain (Tzble I). The

enimals were graded by a committee of three men, using the charts made up



Figure 1, Measuring Instruments, Standard Equipment Obtained from the
Bureau of Animal Industry, Unlted States Deparitment of Agriculture
v ¢ 5
(A) Measuring rule for height of animal, (B) caliper for width measure-
ments C) arm used to replace short caliper arms for width measurement
» d 34 &

of shoulder and thurls D) centimeter tape.
] J of



Figure 2. Measurements Taken for Width of Body

(A) Width at shoulders (long arm caliper), (B) width at crops, (C) width
at last rid, (D) width at loin, (E) width at thurls, Width at rump
falls on same line as (E) but was taken with short arm caliper while
thurl width was taken with long arm caliper. (F) Width at pins (not

used in making up average width),



Tigure 3. Measuraments for Depth of Body, Length of Body and Fore Leg Length
(A) Tepth at brisket, (3) depth of fore flank, (C) fore leg
length, (D) depth of belly, (E) depth of rear flank, (F) depth

of round, (G) body length.
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Cattle siaughtered in First Kill

Year

Aninal Xo.

Averace Width of Body™*

Shoulders
Crops
Last R1b
Loin
Thurls
Rurmp

Aversze Body Derth®

Brisket
Fore Flank
Belly
Rear Flank
Round
Body Length

Fore Leg Length

Feeder Grade ()

Average Daily Gain (1bs) 1.56

T. D. &,
Gain (1bs

§er 1C0 1lbs.

Y 6 13 5 9 11 | 4 6 11
24.75 25.08 25.25| 27.5 25.9 25.2 125.0 25.42 21.63
22,0 22.50 21.0 | 24.5 23.5 24.0 {21.0 22.5 13.0
19.0 20.0 19.5| 23.0 21.0 21.0 {22.0 20.0 17.0
28.5 25.5 ©28.0| 30.0 26.5 27.0 {36.0 30.5 21.0
22.5 25.0 24.0 ) 24,5 23.5 22.5|23.5 22.0 20.0
34.5 35,0 33.0| 35.0 34.0 31.5 [34.0 31.5 31.5
22.0 25.5 26.0) 28.0 27.0 25.0 {25.5 26.0 22.5
k6.6 50.8 47.8 1 49.8 Uu5.0 U45.6 |47.9 U2.2 U5.0
51.0 53.5 545 54.5 53.0 52.0 |51.5 37.0 143.0
4.5 54.0 50.5| 52.5 50.0 50.5 {49.0 U6.5 Us.5
L6.5 54,5 50.0} 54.5 Lg.0 49.0 {51.5 u46.5 lLg.5
39.0 Yo.5 34,5} ¥1.5 34,0 37.5 |40.0 35.0 33.5
4,0 51.5 U43.5] L4G.0 Ls5.0 4.0 |47.5 U5.0 L5.5
99.0 1€3.0 100.0 {107.0 103.0 107.0 07.0 95.0 103.0
4.0 45,0 U456.5| 45.0 47.0 46.5 ;48,0 L5.0 L&.5
78.33 85.0 78.33! 91.66 £5.0 85.0 |91.65 85.0 §£1.65

2.37  L.75 2.1 1.96 1.94 2,48 2.16 2.05

501.3 490.8 496.6

®Al]l measurerments in centineters.

Log. 4t 495.3 Lsh,8 420.1 U43.8 L425.6
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TARLE I. (Con't) FEZDER CALF L/ZEASUREMEITS

Cattle Slaurhtered in Second Kill

Year

Animal No.

Avern~e Widith of Body* 26.83

8

Shoulders
Crops
Last Rid
Loin
Thurls
Rump
Averaze Body Depth‘

Brisket
Fore Flank
Belly
Rear Flank
Round
Body Length

Fore Leg Length

Feeder Grade (%)

Aversge Dally Gain (1bs)1l.75

T. D. N. per 100 1bs.
Gain (1bs.)

21.5
13.5
30.5
26.0
35.0
21.0
4.1
54.0
51.0
Lg.0
35.5
50.0

104.0
47.0

85.0

547.0

1932-33
10 11
2u.g3 23.33]
23.5 23.0
18.0 19.0
26.5 23.0
22.0  20.0
33.0  31.5
26.0 23.0
51.0 51.5
49.5 U49.0
43.0 49,0
37.0 37.0
50,0 47.0
103.0 101.0
4g.0 Lg.0
78.33 85.0
L4 1.97
4g3.0 Uug1.9

*A1]l measurements in centimeters,

1933-34
1 7 12
25.4%0 25.10 25.0
23.0 21.5 23.5
21.0 19.5 22.5
25.0 28.0 27.5
22.5 ©2k.5 24,0
33.0  33.5 33.5
25.0 23.5 25.0
9.5 53.5 51.5
48.0 50.5 u8.5
50.0 52.0 50.5
36.0 33.5 39.5
.0 Ls.5 46,0
101.0 108.0 109.0
45.0 L4g.5 us.0
g8.33 81.66 85.0

2.19 2.23 1.84

1 5
21.5 21.5
21.0 19.5
23.5 31.0
23.0 24,0
33.c 33.0
23.5 27.5
4.3 42.0
49.0 52.0
46.5 Uug.0
48.5 50.0
38.0 L1.0
W.5 48,0
99.0 103.0
51.5 50.0

91.66 91.66

2.05 2.36

L76.4 501.9 533.5 510.6 LL6.9

12

-

29.5
22.5
31.5
23.5
45.6
50.0
L7.5
43.5
40.0
L7.5
103.0

53.0

g1, 6¢

1.6:

Fa2.8
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FZZDER CALF LE

T e vms
Vil Live

Cattle Slauzhtered in Third Kill

Year
Aninal Yo,

Avera-e Width of Bong

Sroulders
Crops
Last Rib
Loin
Thurls
Rurp

Averase Body Dertr®

Brisket
Fore Flank
Belly
Rear Flank
Round
Body Length

Fore Leg Length

Feeder Grade (%)

1032-33
3 5 1
25.5 25.42 25.7%
24,0 23.0 23.5
21.0 20.0 21.0
26.5 30.0 239.0
23.0 24.0 25.0
32.5 34,0 35.0
25.0 27.5 25.0
4g.5 45.4  L46.6
52.5 50.5 U3.5
50.5 48.0 50.0
52.5 48,5 L3.0
Lo0.0 37.0 36.0
47.0 48.0 49.5
104,0 103.0 102.0
45,5 46.0 4s.0

81.66 91.66

Averace Dally Gain (1bs)l.62 1.96

T, D, W. per 100 1lbs,
Gain (1bs)

® All meesurements in centimeters,

18.33
1.96

567.2 578.7 507.4

3 L 15 0 3 9
23.7 25.0 24.1 |24.5 24,25 26.€7
22,0 23.0 22.0 |20.0 21.0 21.5
20.0 20.0 20.5 [18.5 20.0 22.0
28.0 27.5 26.5 |25.5 28.5 32.5
k.5 24.5 22.5 |22.5 20.0 24,0
33.0 32.0 31,0 |31.0 33.0 3L.0
26.5 23.0 22.0 |25.5 23.0 25.0

L6.3 7.2 W46 [45.1 L5.5 L7.3
51.0 52.0 49.0 j49.5 50.0 49.5
49.0 u48.5 U45.5 [47.5 L7.5 Lg.0
50.0 43.5 Lu&.0 {48.0 47.0 50.0
37.5 38.0 37.0 [36.0 39.0 41.0

440 42.0 42.5 [Wh.5 W0 Le.0

102.0 109.0 99.0 {96.0 103.0 107.0
42.0 50.0 L47.0 |43.0 49.0 45.0
95.0 €1.66 81.66{81.66 75.0 £€8.33

1.94% 2.02 2.03} 1,51 1.9% 1.97

S547.7 533.9 503.9 557.2 529.9 502.6



TABI1E I.

(Con't)

Cattle Slaughtered in Fourth Kill

FXZDZR CALF MEASURZLELTS

Year 2 193374 19345
Animal Yo. 1 2 9 6 10 13 2 8
Averaze Width of Body® 26.0 25.0 2L, 75| 24.3 24,6 24.8 |25.U2 25.5

Shoulders - 24,5 24,0 23.5 | 20.0 21,0 21.5 |21.0 21.0
Crops 17.5 22.5 19.0 |19.0 19.0 20.0 |18.5 20.0
Last Rib 30.5 27.5 27.5 | 26.5 26.0 28.5 |36.5 28.5
Loin 23.5 22.5 22.0 |2k,0 23.5 22.5 |21.0 23.0
Thurls 4.0 33.5 32.5 |31.5 32.5 32.0 [31.0 32.0
Rump 26.0 26.0 24.0 [25.0 24,5 24,5 |2k.5 2u.5
Averaze Body Deoth® 45.0 464 44 2 | 46,1 47,9 L5.1 |L45.8 U7.%
Brisket 50.0 51.0 50.0 |52.5 52.5 50.0 |43.0 53.0
Fore Flank 45,0 47.5 L47.0 [ 50.0 48,0 L&5.5 |L8.0 kg.0
Belly 49.5 L9.5 L46.0 | 48.0 50.5 Uu7.5 |43.0 49,0
Rear Flank 34.5 39.0 35.0 |36.0 1.5 37.5 |38.0 W.5
Round 46.0 45,0 k43,0 | W40 u47.0 U440 |45,0 L7.0
Body Length 103.0 105.0 103.0 [100.0 110.0 104.0 |96.0 101.0
Fore Leg Length 4.5 L4g,0 L9.,0 |W4,0 Uz.0 k48,0 |47.5 U9.0
Feeder Grade (%) gl.66 81,66 81.66| 88.33 81,66 81.66|81.66 €g8,13
Averace Daily Gain (1bs) 1.57 1.32 1.68| 1.93 2.39 1.76| 1.9% 1.u5
géig'(§§s§er 100 tos 615.6 686.7 501.1 l506.1 522.0 560.0 |549.3 616.0

*All measurements in centimeters.
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and used by the Bureau of Animal Industry of the United States Depart-
ment of Agriculture. An averagse of these three decisions determined the
animal's fesder grade. The chart is so arranced as to divide each given
grade into three parts; namely, tcp, middle and bottom. In order to use
such an arrangement in these cormutations, it was necessary to assign a
per cent value to each of the grades. The same scheme of percentage was
used here that has been used by the Bureau of Animal Irdustry (chart).
The figure of total digestible nutrients was rather easily

corputed because these calves were all individually fed and the number

of pounds of feed that they required during the feeding period was at hand.
The therms of net energy mer 100 pounds of gain were also corputed but were
not used in these calculations because of their similarity to the figure

of total digestible nutrients.

PLAY CF EXPEZRIVEXT

The first or major objective of this study was to determine what
relation existed between the mechanical measurement and the actual grzde
value that was assizned to the animals by averaging the decisions of the
three judges and the performance of the animals in the feed lot, If no
relationshin exists, then we have been kidding ourselves as to what tyre
is most efficient. The other objective was to determine, if possible,
which of the individual measurements was of greatest importance in the eyes
of the Judges in reaching their decision and whether or not various proportions
between these measurements were not more important than the individual measure-
ments themselves, As has been stated before, these animals were selected
for uniformity of type. It seemed, therefore, unnecessary to compute
multiple correlations, so for simplicity the standard error of estimate

has been computed in these results.,
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The proportions used in this study were arrived at after consider-
ing the contributions of each single measurement toward the ideal type.
Some mezsurements contribute more to the ideal type because of their
greatness, while others are more valuable because of their smallness. It
would be a mistale to multiply such two figures together because the values
of the two would cancel each other, Cn the other hand, to multiply two of
these meesurements of the same nature would tend to bring out the point that
is being ermhasized. Because of this loglc, the proportion body length
times fore leg length divided by average body width tires average body
depth or L.l was used. The measurements multiplied by each other here are
of the sazénnature, that is, L.1 irprove the animal's type as they become
smaller, The W and D measurements improve the animal's type as they get
larger. The proportions of body lenzth times the fore leg lernsth divided
by average width, and also fore leg length divided by average width were

used because of the results which were obtained in the standard errors of

the single measurements,

EXPERIMGENTAL RESULTS

In computing the standard error for estimating feeder grade,
it will be noticed that the proportions of 1 had the smallest error of all
the measurements and proportions used in th?s study. This error of 4.,17%
is quite significant in view of the fact that each grade occupies the space
of 10%. Anong the single measurements fore leg length was most important
with an error of h.SZ%. while average body depth withastandard error of
4.60% was possibly regarded as the least valuable neasurement in the eyes
of the grading committee in arriving at their decision. Average body width,

which is often considered to be the most important dimension had a standard

error of 4,55% which is practically the same as the standard error of average
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body depth. Body length has a standard error of 4,594 and is only .01%
smaller than the largest error of single measurement.

The proportion of L.l was used to corpute tre standard error
after averzs-e body depth was gound to have the largest error of the single
measuremert, In comparing this proportion with that of L1, it will be
noticed that the average body denth had a different effezz when used in
the proportion than when used alone. The standard error of the proportion
L?l 1s significant and is only .15 of a per cent larger than the smallest
standard error among the single measurements., Eecause the width of the
aninmal and low setness are often regarded as the greatest assets to ideal
type, the proportion 1 was also computed. Thils error of 4.187% is .01%
smaller than the prcertion L.1 (Table II). A statistical test was made
to deternine the significnmcz'gf the differences tetween the standard
errors of the various measurements in estimating feeder grade. The
computations show that the standard error of %; end 1 i1s significantly
smaller tran the standard error of average boég widt:, average boldy depth,
body length and fore leg lergth. It is not significantly smaller than the
error of the proportions Lﬁl and %, The proportion Lﬁl is significantly

smaller tran the standard error of average body width, average body depth,

and body length., It does not differ siynificantly from the standard error

of fore lez length, the ﬁroportion L.1 and the proportion 1. The single
w.D
measurements do not differ statistically from each other.

According to these data, the measurements glven most consideration
by the members of this grading committee in arriving at the feeder grads
of the animal would be that of a proportion Ll or 1. 1In other worls,
the body balance or the symmetry of the bodngouldvbe the most valuable

index. A proportion of body length and fore leg length over body width,

or L.1 would also be an accurate index for the prediction of feeder grades,
.
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TABLE II. STAUDARD ERRCR CF ESTILATZ I PR CENT CF FHIDER GRADE
Average Avercce Body Fore L.l L.1 1
Body Body Length | Leg w.D w w
Width Denth Length
(m) (D) (r) 1
Feeder
Grade  4.549 4.596 4,587 |U4.522 |[4.199 | 4.372 |4.167
TABLE III. STANDARD ERRORS CF ESTIMATE IN POUNDS CF AVERAGE DAILY GAIN
AD TOTAL DIGESTIBLE NUTRIEUTS
Kills | Fecler [Average |Averace |Body Fore L.l {L.1 |1
Grade |Body Body Length |Leg YD (W |V
Width Depth Length
(W) (D) (L) (1)
1 o1l .28 .27 .26 .26 Sl .29 .39
2 .21 o4 .28 .24 .25 -0 -C % S U
Average
Daily 17 .17 .17 .15 .17 A7) .17 W11
Galn
Y 31 .28 .32 31 .29 .32 .30] .30
Average .21 .ol .26 o4 24 | 31| Le5| .ou
1 | 24.0 ([38.2 31.9 2.5 {32.0 Ppu.6 [36.7 [32.6
2 | 28.5 27.7 2.7 27.7 2.6 P9.6 (29.7 |30.9
Total
Digestitle 3 28.6 2.8 28.6 30.8 |24.6 p8.1 [29.2 [29.4
Mutrients
per 100 4 |s55.3 |{ur.2 54.8 s4.8 (44,8 k9.1 [55.0 [54.9
pounds
Gain Average34 4 |35.7 36.2 35.7 |32.7 [32.8 [37.7 [36.9
|
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while in the singla measurenents the fore lez lenzth would be most
valuable, Body width is a more significant single index than is body
length, and body length in turn is more significant than body depth. The
poorest measurement to use in predlcting feeder grade would te body cdenth,

In corputing standard error for the averaze dally gain, a sore-
what different arrangement was necessary. Due to the fact that thece
animals were killed in four different periods, it was necessary to compul
standard errors for each individual kill., The nunber of days on feed “or
the first kill for the three yeer average was 121 days. This lapse of
time was det=2rmined by the degree of finish that the animal attained,

The other xills followed at intervals of approximately forty-nine days.
Zach single measurement; namely, average body width, averzge body depth,
body length and fore lez length and the proportion L1, 11, and 1 were used
(VI | v
in computing standard errors for averace duily gain. With this group of
measurenents feeder gracde was also used. It will be noticed in Table III
that there is a tendency for the standard error to become smaller toward
the third kill and larger for the fourth kill. In one case out of eight
measurenents this is not true, The standard error of feeder grade is
snallest for the first kill instead of the third kill., The fourth kill
in this case is the largest, as is found to be true of the other measure-
ments used.

In computing the standard error of the feeder grade the standard
error for the first kill animals was approximately .14 of a pound. With
these calves gaining from one and one-half to two and one-half pounds
daily, a standard error of this size in predicting the gain 1s highly
significant, The standard error for the second kill forty-nine days later
was .21 of a pound, while the standard error for the third kill another

fecrty-nine days later 1s .17 of a pound. The fourth kill has a sitandard
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error of ,31 of a pound., These figures are all small in view of the

fact that only nine individuals were used to computs the errors for each
of the first, second and third kills and only eizht animals in the fourth
kill,

The averaze body width measurement was not as accurate an index
in predicting the average daily sain of these calves as was the feeder
grade, In this particular case the standard errors of the first and
second kills were both higher than the standard errors of the respective
¥i11lls when feeder grade was used. The first kill standard error of ,28
of a pound and the second kill standard error of .24 of a pound are not
necessarily large but are significantly larger than the standard errors
of the first and second kills of the feeder grade, The third kill s*andard
error of .17 of a2 pound is identical to that of the feeder grade, while
the fourth kill standard error of .28 of 2 pound is apnroximately .03 of
a pound smaller than the fourth kill standard error of the feeder grade.

The computed standard errors of the four kills using average
tody depth follow the same trend as is noticeable in all the measurenents,
The first kill has a standard error of .27 of a pound and the second kill
.28 of a pound and the third kill ,17 of a pound. The standard error of
this third kill agzain is the smallest of this particular measureneat and
is approximately the same as that of the feeder grade and the average
body width. The standard error of the fourth kill is .32 of a pound and
is larger than either of the respective standard errors of the feeder
gréde and average body width,

Body length has a standard error of .26 of a pound for the first
kill, .24 of a pound for the second kill and .15 of a pound for the third
kill., The fourth kill again has the larger standard error. The third

kill of .15 of a pound is more significant than any of the standard errors
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of the above mentioned kills and is ,02 of a pound smaller than any ervor
of the individual measurement and feeder grade.

The fore leg length runs sirmilar in standard errors of the four
kills as the previous results show., The first xill standard error is
.26 of a pound, the second .25 of a pound, and the third .17 of a pound,
The fourth ki1l standard error of .23 of a pound is smaller than all standard
errors of the single measurements excent average body width,

Cf the proportions that were used as measurements, L.l had the

larzest standard error in each of the four kills. This resulf.?s rather
strange in view of the fact that this proportion had one of the smallest
standard errors when computed with the feeder grade. The first kill had
an error of .51 of a pound. This error is too large, especially for those
calves that had an average daily gain of about one and one-half pounds,
The standard error for the second kill is similar to the respective kills
of the single measurement., The third kill also has a standard error of
aprroximately .17 of a pound, and the fourth kill a standard error of .32
of a pound which is aleo similar to the single measurement results, In

the proportion L.1 all kills but the first are similar to the results of

w
the proportion L.1l. The first kill is approximately .2 of a pound smaller

w.D
for the mentioned proportion L.l. The proportion 1 has a standard error
v.D L]

of .11 of a pound in the third kill, which is smaller than any standard
error regardless of kill, It is smaller than the standard errors of the
respective kills of all measurements by .05 of a pound. The standard errors
of the other three kills do not differ greatly from the comuted standard
errors with the other measurements,

The individual standard errors of ezch kill were averazed for
each of the eicht measurements, The feeder grade averaze is .21 of a pound

and is the smallest standerd error of the entire group. This means that
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feeder grade is a better index to the animal's performance so far as
average dally galn is concermed than any of the remaining single measure-
ments or proportions. The other measurements and proportlons have a
standard error rangzinz from .24 of a pound for vody lensth to .31 of a
pound for the proportion L.1.

There is a cert:ii amount of doudbt cast upon the value of these
measurenents when the results of the computations are tested statistically,
The measurements which were smallest in error when correlated with the
feader grade should also be the smallest in error when correlated with
the average cdaily gain., This, however, does not prove to be the case in
these measurements. There are possibly two explanations for the smaller
standard errors for the third kill and the largest standard error for the
fourth kill., According to Korrison (&), as cattle btecome fatter, there
is a tendency for their daily gains to become smaller. This fact might
account for the larger errors in the fourth kill animals. It does not
account, however, for the third }ill animals having the lowest standard
error in all cases. The other possibility for this general trend lies in
the effect of experimental error. The selection of the animals for each
kill was made chiefly on dezree of finish. There perhaps was an unconscious
tendency to eliminate the less desirable animals in the first kill and then
by a process of elimination, the poorer animals that remained were agaln
left until the final or fourth kill,

In order to determine which of the eight measurements expresses
the efficiency of the animal most accurately, they were computed with the
total digestible nutrients required per 100 pounds gain. The total
digestible nutrients per 100 pounds gain were computed from the pounds
of feed consumed by the individual, using the lMorrison feeding standard.

The total digestible nutrients were used because it was thought they would
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be more accurate in determining the animal's efficiency than the actual
pounds of feed consumed,

When the feeder grade measurement was computed with the total
digestible nutrients per 100 pounds gain, the error for the first kill
was approximately twenty-four pounds. This error is not large. It would
be a great asset to a feedsr to be able to predict within twenty-four
pounds the fecd required to produce orne hundred pounds of beef. The errors
of the second and third kills are aporoximately equal and are about four
and a half pounds larger than the error of the first kill, As far as
estimating feed for 1097 pounds gain, these two errors are still significant
in the eyes of the livestock man. The fourth kill has an error of 55.31
pounds, This error is almost twice as large as the error of the second
end third kills. With the fourth kill animals consuming apnroximately six
hundred pounds of total digestible nutrients per 100 pounds gain, an error
of this size is not necessarily large. This is the largest error of all
¥111s and all measnurements,

In the averase body width measurement, the first kill has an
error of 33.17 pounds. This error does not compare in size with the
respective error of the feeder grade measurement, while the second and
third kills of the average body width measurement are in approximation
of the second and third kills of the feeler grade, The error of the fourth
%ill is approximately nine pounds smaller than that of the same ki1l with
the feeder grade measurement., It will be noticed that here again there
is a tendency for the second and third kills to have the smaller errors,
while the first and fourth kills are generally larger. The fourth kill
is considerabtly higher in error than the first kill., 1In two cases out
of the eight, the errors of the first kill animals are smaller than the

errors of the second and third kill animals., This is true of the feeder
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grade and the proportion of L.1.

The results of comgaging average body depth with the total
digestible nutrients per 100 pounds galn are similar to those obtained
when average body width was used. The error of the first kill znimals
1s smaller than the resnective error of the averaze body width bty about
s8ix pounds., The errors of the secound and third kill animals are approxi-
rately the same in size and the error of the fourth kill znimals is about
seven vrounds greater for the average body depth measurement than for
averaze body width.

The body length errors vary a little for the different kills
wher compared to the averzze body width and the average tody depth measure-
rents, but their results indicate that there is very little differeance in
the choice of any of the three as to the value in estimating or predicting
the requirements of total digestible nutrients per 100 pounds of gain.

Fore leg length has a standard error of thirty-two pounds for
the first kill, twenty-rine and a half pounds for the second kill, o4, 54
pounds for the third kill, and LU.8 pounds for the fourth kill., Althouzh
this first kill standard error was a little higher than the respective
standerd errors of average body denth and feeder grade, it is smaller by
six pounds than the first kill error for the average body width measurement.

Because the figures here were so variabvle, an averazge of the
standard errors of the four kills was made. Of the single measurenrent
fore leg length has an averagze standard error of 32.74 pounds. This is
the snzllest error of the four single measurements in additicn to the
feeder grade, and would be the most accurate index in selecting anirals
for efficiency in utilization of feed. Feeder grade is the second most
accurate of this group of measurements while body length, average body

depth and average dody width are nearly equal in this respect., Cf the
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three differect proportions used, L.l is a more accurate index than either
W.D

L.l or is a 1ittle more accurate than is L.1. Fore

W W

leg lenzth with an error of 32,7 pounds is a more accurate index than any

1. The proportion
W

H |-

of the provortions, but is only .09 of a pound smaller than the error of

%;l. The proportion L.] ranks second in value with an error of 32,8 pounds.
Fégder grade with an Z;Bor of 344 pounds i{s the third most accurate irdex,
The greatest error and the poorest measurcnent as an index to efficiency

in the utilization of feed is the prorortion L.l. It has an error of
thirty-seven and a half pounds., The larger ertors of the four kills here
a;sain possibly have two e:planations. The animals were selected for slaushter
ir grouns of equal firish as nearly as possible., The animals of the fourth
k11l were left after a process of elimination., The other explanation lies

in the experimental work cited by Snapp (4) and Morrison (), et al. Experi-
mental evidence shows that as fattening animals near a high degree of finish,

more feed is necessary to produce one hundred pounds of gain than in the

thin animgls,

GETVERAL CCIISTDEZATICH AXD DISCUSSICEH

The data used in this experiment were ccllected incidental to
a major objective of a "degree of finish experiment." It is possible to
suppose, had the experiment been executed to fit the requirements of the
measurenent and performance study, greater or lesser differences might
have resulted., The fact that these animals were killed at intervals of
four different perlods has necessitated a separate calculation for each
standard error. It has reduced the number from thirty-five individuals
to nine animals in three of the four kills and elght in the other. The
reduction in numbers zlone has tended to depreciate the value of these

standard errors. Another error introduced into the experiment was that
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of combining animals of a three-year period, Resgardless of avility,
there certainly is a difference in the way a judce will see an aninal
from one time to the next, With these anirnals being graded in three
different years, it seems possitle that an error could be made in the
greding of the feeder anirmels. These animals were selected for their
uniformity of tyne. This selection made these animals too much alite so
that little or no difference existed between them. A study of the original
data (Table I) will support this consideration. In many cases, especisally
the results of the proportions used in this study, the differerces were
as small as one millimeter. It is also possitle to think that a greater
number of measurements calculated with the performance of the animals
might have been of more value and significance. This seems unlikely in
the light of previous work that has been done. It is possitle to survose
that there are external characters which are readily recognized by a
skilled Judge which are not susceptible of measurements with either tave
or measuring rule. Such things as disposition, individuality, pliability
of skin and others are examples of these characters. In this study
mathematics assumes the position ranging from zero to one hundred, or
from animals of one extreme type that do not exist to those of the other
extreme which again do rot exist. The animals used irn this study were
uniformly of a type somewhere between these two extremes. The feeder
grades of these calves ranged from seventy-five per cent to ninety-five
per cent, The data and results here do not express the performance of

a highly varied type but of one general type. It seems, therefore, that
in order to have such an experiment work out successfully, animals of

the same breed should be selected but of a widely varied type., It is
also wrong to assume that there is a direct improvement in efficiency of

the animal as type improves, Winter (6) states that "there has been a
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general asswpticn that as ty;e 1rproved, there was a similar improve-
ment in efficiency. We know this is not necessarily the case., To a
certain extent we have tecn kiddirg ourselves on this point all trese
yvears." We also know that as fattening cattle become fatter, they require
more pounds of feed per 100 pounds gain, Therefore, each individual kill
in this experiment actually represents a different degree of finish and
with that a different feed requirement per 100 pounds of gain., The data
show a tendency for the typier aninzls to bte a little the more efficient
in their feed requirements per 100 pounds galn as corpared to tlie sonewhat
less desirnble tyme individual., Cn the whole, the animals were too nearly
alike to specificzlly show a definite contrast in performance of the

different types.

SU.ZARY

Thne investization reported in this paper is a study of the
relation of certain body measurements to the performnnce of fattening
cattle in the feed lot. The data were collected from thirty-five head
of Hereford heifers fed by the Michigan Agricultural Experiment Station
during the years 1932-33, 133374 and 193U..35. The relation of certain
body measurements and feeder grade were used to corpute standard errors
using feeder gr,des, averace dally gains and total digestible nutrients
in the ration per 100 pounds of gain in tody welght as the variables,
Because there is a change in feed requirements and average daily gains
as animals become fatter, each kill was necesscrily corputed senarately
and later averagzed. The data showg

The proportion

d

is the most accurate irdex in estimating the

£

o =

feeder grades of the animal, The Jjudses, therefore, place more eriphasis

on the proportion of these measurements than on any one single measurement

in grading the animal,
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was second most accurate in estimating

1
D
the feeder grade. The grading committee gave rore consideration to this

The proportion L.
]

proportion than any single measurement in arriving at s feeder grade,

Cf the sinle measurement, fore leg length was given more
consideration than body length, averaze body depth or average body widtk.
The low setness of the animal has been considered one of its greatest
assets toward ideal type.

Average body widtk 1s a more important messurement than either
average body depth or body length.

Average btody depth received the least consideration by the
grading committee in arriving at a feeder grade,

The standard errors for all measurements were small enough to
keep the animals within the assigned grade, although none of these errors
kept the animal within its own third of that grade,

Averace body width allowed the animal to shift 1.22% into the
third of a grade above or below the assizned third of the feeder grade.

Average tody denth allowed the animal to shift 1.267 above or
below the third of the assigned third of the feeder grade.

Tre proportion 1 is the best measurement in estimating feeder
grade. It has a slight advantage over the proportion %;l, but this
difference is not statistically significant, If the pr;gortion L.l is
equally just as valusble as an index in estimating feeder grade :;Dis
the proportion 1, then it should be in close aprroximation to both feeder
grade and the p30portion 1l in estimating average daily gains. This,
however, is not the case.w The results cast suspicion on the value of
the mechanical measurement as compared to tre judgment of a skilled
grading comnittee.

The proportion 1 ranks second to feeder grade as an index to
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average dally gains, This proportion functioned as would te expected
in estimating the average daily gains.,

Cf the single measurement, body length is the most accurate
index of aversse daily gains, while fore leg length is the secornd most
accurate index in estimating average dally gains. Here again the difference
tetreen the two errors is not statisticzlly significant. Consequently,
these two measurements have functiorned aprroximately as would be exnected.

Averaze boldy depth is the poorest sinzle measurement to use
as an index in estinating averaze dally gains and the proportion L.1 1is

v.D
tlie least accurate of the three pronortions in estimating averagze daily
gains, It 1s also the least accurate of all eight measurements used in
this respect.

The single measurement, fore leg length 1s the best index of
the group of measurements in estimating the total digestitle nutrients

per 100 pounis of gain,

Tae proportion L.,1 has an ervor of only .09 of a pound larger

w.D
than that of the fore leg length measurement and renlks second in value

for estimating total digestible nutrients per 100 pounds of gain,

Feeder grade ranxs third in accuracy in estimating the total
digestible nutrierts per 100 pounds of galn,

The largest error and the least accurate measurement is that
of the proportion L.1. The other measurements all rank atout the same
in thelr value as an index to requirements of total digestible nutrients
per 100 pourds gain.

The best measurenent for estimating average dally galns and
total dlgestible nutrients per 100 pounds of galn cannot be determined
from the results that have been obtained, Each kill has its own standard

error and most of them are too nearly alike to show any significant
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differences in their sizes, Although an average of the standard errors
of the four kills was made for each measurement to assist in this discuzsion,
it 1s not mathematically correct., Hence, the siznificance of the differences

between them was not corputed,

CONCLUSION

The standard errors obttalned in these results indicate thrat
there 1s a slight correlation between the varisus body measurements and
the performance of the animel in the feed lot. The standard errors show
very little variation tetween theuselves, Tut their differences in many
cases are sizgnificant in spite of their likeness. The animals us2d in
this study were uniformly alike in type. The fact that this particular
type shows a slizht relation to performance does not mean that an improve-
ment in type would also mean a corresponding improvement in efficiency
or vice versa. The performance of the fattening animal does not follow
the trend of a straizht line. Tiere is a general decrease in average
daily gain during the fatteningz period and a general increase in the re-
quirements of total digestidle nuirients per 100 pounds of gain as the
feed period progresses, The errors obtained are too large to predict the
aninal's positisn within the one-third of the feeder grade but are small
enoizh to accurately predict the general feeder grade. The three propor-
tioﬁs used in this study when statistically tested are significantly
better than the sinzle measurement in predicting feeder grade, Feeder
grade is a better index than the mechanical measurements in estinating
averace dailly zains by periods while the rechanical measurements are
practically the same in their value in estimating average daily gains,
All measurements are anuroximately equal in size of error in estimating

the necessary total digestible nutrients per 100 pounds gain. Fore leg
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length and the proyvortison L.l are a little the better index to total

W
r

A b

dizestible nutrients requi é per 100 pounds gain than are the other
measurements used, In the case of averaze dally zailns and total digestitle
rutrients, the animals were killed in periods. This division in two periosds
has destroyed the effect of largse numbers and has tends=d to depreciate

the value of the standard error. Wiether these errors statistically differ
from each other is very douttful, but they do show that there is an increase
in error for the fourth kill animals and that sometime during the fattening
period, there 1s a time when the perforuwance of the animal is more closely
related to its body shape than at any other time., The results of this

study are too meager to warrant any specific decision. However, conformation

is often the only tasis available for judgment and siwould be given this

consideration at all times,
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