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CHAPTER I
INTRODUCTION

With the changes in type of swine which have been
produced in the past fifty years little effort has been
made to determine accurately what makes up these types.
Swine have been classified largely as rangy, intermediate,
or chuffy. In recent years another classification, meat
type, has been added.

Research work with swine directed toward the develop=
ment of indices of the various types has been with linear
body measurements of the same kinds used with cattle. A
scaling instrument with which the ratios of size of various
body parts are obtained has been used experimentally but
has not proven satisfactory.

Similar difficulties have been encountered in the
linear measurement of swine that have been encountered in
the measurement of cattle. An animal seldom stands in a
constant position when measurements are being taken and
when several measurements are to be made the anlmal changes
position several times before all of the measurements can
be made, Also, some enimals are nervous, making it extreme-
ly difficult to take linear body measurements at all; Cattle,

to some extent, can be trained to stand while this 1is
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practically impossible with swine, For these reasons taking
linear body measurements is very time conauming and single
measurements on the same hog are apparently not highly
repeatable,

With the use of photographs the difficulties of
taking body measurements, to & great extent, are removed.
Photographs provide an objective, permanent, visual record
of an animal.

At the present time various studles are being made
to determine the relationship between live animal measura-
ments and carcass score. When a method for measuring live
animals 1s furnished that 1s as repeatable and as accurate
as the average of linear live animal measurements, the
studies involving body types and the work concerning the
relationship between live animal measurements and carcass

score will proceed more rapidly,



HAPTER II -
OBJECTIVES

This investigation was iInitiated in order to obtain
information relative to the value of photographs as an
objective permanent record of swine. The primary emphasis
of the study was placed on & comparison of the relative
accuracy and repeatability of body measurements made on

the live animal and bhody measurements taken from photographs,



CHAPTER III

REVIEW OF LITERATURE

Until recently little work of any kind pertaining
to methods of obtalning body measurements of swine has been
published,

Kelley (1933) reported on a livestock scaling ine
struments This Instrument was used to estimate guantitively
the type of animals by obtaining various ratios of body parts,
This method of determining type, lavestigated in Australia,
did not develop further than the semi-experimental stage,

Phillips and Dawson (1930) completed a study to ege
tablish indices of type that would be useful in classifying
hogs that are to be used in investigations In which body
type i1s to be considered., They reported on the accuracy of
three methods for obtalning body measurements of swine. The
three methods were: (1) direct measurement with calipers
and a tape measure, (2) measurement with a livestock scaling
instrument as deseribed by Kelley, and (3) measurement from
photographs of hogs projected to life-size, Phillips and Dawson
calculated the analysis of variance, and these analyses were
used to judge the relative accuracy of the three methods
studled, Thelr report indicated that measurements obtained

by use of the livestock scaling instrument and the photographic
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projection methods have the disadvantage of not being able

to take circumference measurements.

Hetzer et. al. (1950) reporting on the relationship
between certain body measurements and carcass characteristics
in swine stated that the relative accuracy of the various
measurements was largely a function of the interaction come
ponents and that differences between the same messurements
by two men as well as time differences were too small in
most cases to be on any Iimportance, In regard to the re-
peatabllity of measurements, the average of four measurements
of the same item on an enimel gave & higher repeatabllity
than that besed on single measurements, Hetzer et. al, used
the method deseribed by Phillips and Dawson in obtaining
body measurements of the eight items studied.



CHAPTER IV
PROCEDURE

A, Equipment. A photographic cage was used in taking

photographs of each enimel (Figures 1 and 2). The cage was
constructed on three inch angle iron runners with a 3/16
inch sheet metal floors The four corner uprights were 2 1/h
inch angle iron, 57 inches long. A strap iron 3 inches wide
around the top with three two inech straps across the cage
the narrow way formed the top of the cage, Three-eighths

* ineh plywood doors were hung at each end of the cages. The
front of the cage was constructed of 3/8 inch rods welded

to form a grid, 51 inches by 6l inches, with the mesh mea-
suring 3 inches vertically end & inches horizontally, The
side opposite the grid (the back) was made of 3/8 inch ply-
wood with pegs whilch fit into holes in the floor of the cage.
By lifting the back and sliding it forward to the next row
of holes the width of the floor of the cage could be reduced
from 2l inches to 6 inches by 6 ineh intervals, The holes
were in rows parallel to the bottom edge of the gird, The
top edge of the back was equipped with chains which could be
fastened to the top edge of the grid. When a photograph
was being taken the back was fastened so as to be parrallel
with the grid, This movable back made 1t possible to minimize
photographic distortion as it could be moved to the front to
hold the animal against the grid,
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All photographs used in this study were taken with
the same Speed Graphic "LS5" camera (I x 5 inches) with wide
angle lens, A Kodak‘Supor XX high speed panchromatic film
pack containing 12 negatives was used., All photographs were
taken inside as preliminary work indicated the necessity of
avolding shadows and inclement weather, Artificial lights
were used and consisted of a single set (two units of three
bulbs each) of projector flood lights. These lights were
equipped with a transformer which could increase the power
of par 38 projector flood bulbs from a low of 150 watts each
to a high of 750 watts each, The artificial lighting unit
had a trade name "Colortran" and was manufactured by the
Colortran Convertor Company, Los Angeles, California.

The lights were set up at & standard distance from
the cage and in such a manner as to minimize shadows.

Live animal measurements were taken with wooden linear
calipers one meter long, divided into centimeters and milli-
meters,

Photographic measurements were made with a six inch
rule divided into 1/32,

All live animal measurements were taken with the
animal standing on a level wooden platform, The platform
was six feet square with panels three feet high around the
edge,
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Be A ls., Ten gilts and ten shoats were used in this
study., Large and small gilts were used to be sure of variations.
The gilts were purebfed Hampshires which were to be added to
the University of Tennessee college herd. The shoats were
taken from the spring plg crop.

C. Method of obtaining photographs and measurements.
Preliminary work showed that the pigs would have to be slight-

ly hungry in order to work satisfactority in the photographie

cage and to be handled while live animal measurements were

being made. The gllts were taken off feed 12 to 15 hours and
the shoats 2l hours before they were to be used,

The photographic cage was set up in an alleyway in
such a way as to make it convenient to move the hogs one at
a time through the cage for photographing.

The camera was set up thirteen feet from the grid of
the cage and with the lens focoused on the mid-point of the
horlizontal length of the cage and eighteen inches above the
floor..

The "f" stop of the camera was set within a range of
from 5.6 to 7.3+ The exact setting each time photographs
were made depended on the amount of light other than that
from the artificial lights., The shutter speed at all times
was a twenty-fifth of a second.

The data were collected in two serles., A series

consisted of four photographs and four measurements of each.
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animal, The series was broken down Into morning and after-
noon photogravhs and,msaauremenba.

The photographs were teken with the hog in a natural
a position as possible, standing squerely on its legs with
its head down., A small amount of feed was placed on the
floor of the cage in an area which would tend to cause the
hog to stand approximately in the middle of the grid, As
soon as the hog was driven into the cage, the doors were
fastensd and the back was moved forward to place the hog
against the grid. The top of the back was then fastened
to make the back parallel with the grid. The photograph
was taken when this was completed and the hog had taken a
natural position, The hog was then made to move and when
it came back to a natural position the second photograph was
taken, Live anlmal measurements were made immediately fol-
lowing this procedure for all of the hogs being photographed
~at that time. Because of the time Involved a series of
both the gllts and shoats was not completed on the same day,
However, a complete series of the group being worked with
was always completed on the same day. Approximately a
woek lavsed between seriles for each group,

The live animal measurements were made by each of

two men, once each in the morning and once each in the aftere

noon. 7The second series was completed in the same manner,
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There was no known tendency for the men to remember
the measurements of each other and no particular order was
observed in obtnininé various measurements,
The items measured were: (1) helght at the shoulders,
(2) height at the back, (3) depth of the chest, and (L)
length from the shoulder to tall. The height at the shoule
der measurement was taken with the rule of the calipers
parallel to the hog's leg and the arm of the calipers reste
ing on the top of the shoulders, The height of the back
measurement was taken with the rule perpendicular to the
platform and with the arm of the calipers resting on the
back of the hog In as nearly the ceriter of the back as
could be estimated. Depth of chest was measured with the
statlionery arm of the calipers placed on the chest of the
hog and the sliding arm placed just baeck of the top of the
shoulders, The length from shoulder to tall was measwred
by placing the statlionery arm of the calipers on the point
of the shoulder and the sliding arm on the tail setting. The
fly sheet when leying on when laying on Pigure 1 shows the
posit;ons of the calipers for teking these various measure-
ments.,
The photographic prints were made from the exposed
f1lm packs under the direction of the Editor of the University

of Tennessee Extension Service.
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An 8 x 10 inch enlargement was made of each L x 5
negative with the use on an Omega enlarger which had a
Wolensak lens, Preliminary studies had shown that Iy x 5
prints were too small for detalled measuring, Rach of the .
two men measured one morning photograph and one afternocon
photograph for each of the two series.

Photographlc and enlargement distortion was taken
into account and two correction factors were caleulated for
each Individual photograph, one vertical correction factor
and one horizontal correction factor, These factors were
calculated by measuring the actual distance between two
points on the cage grid, then measuring the mumber of
thirty-seconds of an inch with the rule between these seme
two points and the number of thirty-seconds as read from

the rule divided into the Inches represented by the cage
grld, Both vertical and horizontal correction factors were
obteined from points that would enclose the hog being mea-
sured,
Photographic measurements were made of the same items
that were measured on the live animal: (1) height at the
shoulders, (2) height at the back, (3) depth of the chest,
and (l) length from the shoulder to tail, As only $ide view
-photographs of the hogs were taken in this study, third

dimensional measurements could not be taken,



CHAPTER V

RESULTS AND DISCUSSION

The means and standard deviations of the live
animal and photographic measurements of the two age groups
and the various items studlied are shown in Table I, The
differences between live animal and photograph measurements
in the case of the gllts were not significant for any of
the items studied. With the shoats, the differences bee
tween depth of chest measurements in both serles was signi-
ficant, The difference between the live animal measurements
and the photographic measurements for helght at the shoulders
for the shoats 1n serles one was also significant, Repeat-
abili#y was higher for photographic measurements in all cases
except with the shoats, the two items, depth of chest and
shoulder to tall, had a higher repeatability with live
measurements (Table III).

Correlation coefficlents between the averages of
various combinations of morning and afternocon photographie
and liva.animnl measurements seem to indicate that the two
methods may not be measuring exactly the same thing as
far as length from shoulder to tail setting in swine is
concerned,

None of the differences between methods of measure-

ments for the gllts were significant. In the case of the
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TABLE I

MEANS OF LIVE-ANIMAL AND PHOTOGRAPHIC MEASUREMENTS
OF THE VARIOUS AGE GROUPS FOR EACH OF THE TWO SERIES

Fzrst aorIos

Age groups and Tive-animal Photographie Difference
items measured measurements measurements live-animal
Mean Standard Wean oStandard . photographic
deviation deviation! measurements?
Gilts:
Height at
shoulder 6%.0 2.27 65.9  3.00 =149
Height at back 7 ) 24 72-2 2.51 "'009
Depth at chest [0.9 1.9 L2, 2.11 -1.9
Shoulder to
tail 83.8 2.49 82,9 2.75 -0.9
Shoazszt
Helght at
shoulder 43.7 2,00 Loy  2.35 «2,T%
Height at back 51.0 1093 514.9 2'33 "0‘9
Depth of chest 2l.3 +90 26.8 1.48 -2,5%
Shoulder to
tail 55.8 2.50 52;2 2.25 ‘3.6
Second series
Gilts:
Height at
shoulder 65.2 2.8 66,6 2,23 «1,l
Height at back 73.1 2,9 73 .44 2.600 ~0.3
Depth at chest ’.].201 1.90 l{.3.1 1.83 «1,0
Shoulder to
tail 8.6 2.52 83.5 2.4 1.3
Shoats:
Height at
shoulder 45,6 3.98 46,5 1,68 -0.1
Helght at back 52.1 1.92 52.5 2,05 ~0.1
Depth of chest 2L.l «90 26,5 1.67 «2, 10
Shoulder to
tail 56,8 1.98 S6ly 2,32 Oalt

*significant at the ,05 level,

#%#gignificant at the ,01 level,

lstandard deviation between animals.

211 measurements and differences are in centimeters.
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shoats the photographic measurements of height at shoulders
and depth of chest in series one, and depth of chest in

series two were significantly greater than live animal
measurements., In all cases except the measurement, shoulder
to tail setting in both gilts and shoats in series two, photow
graphic measurements were greater than live animal measure-
ments,

To determine the relative accuraey and repeatablility
of the various measurements obtained from the live animals
and from the photographs, the correlation or repeatability
of single measurements on the same animal was calculated
for each measurement, The general form of the analysis
used to determine the relative accuracy of the various body
measurements obtained by different methods involved the
segregation of the specifiec sources of variance and the
principles involved in intra-class correlation in the same
manner used by Hertzer et. al, (1950) in their study of the
relationship between body and carcass characteristics of
which method of obtaining measurements is most reliable
and provide a method of determining the number of obsere
vations necessary to arrive at reasonably accurate estimates
of a body characteristic, An example of the method used is
glven in Table II, which shows the analysis of varlance for



TABLE II

ANALYSIS OF VARIANCE FOR DEPTH OF CHEST, LIVE~-ANIMAL

MEASUREMENTS, POR TEN GILTS WHICH WERE EACH MEASURED

TWICE BY EACH OF TWO MEN, ONCE EACH IN THE A, M, AND
ONCE BACH IN THE P, M, FOR EACH OF TWO SERIES

Source of  Degrees of  Mean  Compositiom of
variation freedonm squares mean squares
Total 79 Lo

Series 3 26,50%*% ALOE E e L6l
Time of day 1 1,80 A+-hOD D e 4,02
Men 1 1,30 A+jOC C » L01
Animals 9 29456%% A+ 8B B 3,60
Error 67 , +18 A+ As ,78

- variance due to interaction components,
-« variance due to difference between animals,

A

B

C « variance due to differences between measurements of the
two men,

D

B

- variance due to differences in time of day measurements.
- variance due to differences between measurements of the
two series.

Repaatabilityl between single measurements on the same animel =

B E - 0TS

¥significant at the .05 level,
*¥Highly significent at the .01 level,

1Thiu estimate includes the variance due to difference
between series and may underestimate the true value if part
of the difference between serles is due to growth,
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for depth of chest (live animal measurement) for the 10 gilts
which were each measured twice by each of two men, once
each in the morning and once each in the afternoon for each
of two serles separated by approximately one week,

The estimates of repeatabllity and variance components
for the measurements studled are given in Table III, Es-
timates of repeatability for height at shoulders varied from
«902 for the gilts to 827 for shoats,s Repeatability of
photographic measurements for height at shoulders was slighte
1y higher than those for live animal measurements with both
gilts and shoatss For height at back, repeatabllity varied
from +818 to 4904 with the repeatability of live animal
measurements exceeding those for photographic measurements
of both gllts and shoats., Depth of chest measurements were
more repeatable with live animal measurements than with
photographlc measurements, Repeatability estimates for
measurements of length from shoulder to tail were higher
for photographic measurements in the case of both gllts end
shoats,

Inspection of the data in Table III shows that there
is apparently little difference in repeatability of the

various measurements from gilts and shoats. When the difference

between repeatabillity of live animal measurements was large
the repeatability of photograph measurements was always the

largest,
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A study of the variance components in Table III shows

that the relative accuracy of the various measurements was a
function of the interaction components (error). Differences
between measurements of the two men were significant in four
out of sixteen cases, Differences due to time of day were
too smell in all but three cases to be of any significance,
The relatively large component of varilance for difference
between measurements of the two series for both gilts and
shoats may be explained partlally on the basls of growth and
devalopmenb made during the one week interval between series.

The correlation coefficlents between the averages for

the various itmes measured by different methods and time of
day are shown in Table IV, In ell cases, the correlation
coefficlents of average A, M, measurements and P;lm. measure~
ments from photographs were highly significant, In most
cases the correlation coafriciént of average A, M, and P, M,
measurements from photographs was larger than the correlae-
tlon coefflicient obtained from A. M, live animal measurements

and P, Ms live animal measurements or from various combinae
tions of the aﬁafage of Ay My and Py M. meoasurements between
the two different methods,

All cdrrelation coefficlents were significant or

highly significant except those for the length from shoulder
to tall measurement, This indicates fairly close agreement
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between the two methods insofar as measuring the same thing
i1s concerned except in the case of the measurement from

shoulder to tail,



CHAPTER VI
SUMMARY

In this investigation on a comparison of the relative
accuracy and repeatability of body measurements made from
the live animal end from photographs, twenty animals repre-
senting two sizes of hogs were used, Analysls of the data
to determine estimates of repeatability of single measure~
ments on the same animal were obtained, DBody measurements
for (1) height at shoulders, (2) height at back, (3) depth
of chest, and (l) length from shoulder to tall were used,
The estimate of repeatability for height at shoulders in
gllts was ,890 and in shoats was .827 for live animal mea«
surements and ,902 and .836 respectively, for photographic
measurements., Repeatability of live animal measurements
for helght at the back for gilts was ,90L and for shoats
was ,818, The repeatabllity of photographic measurements
for height at the back was ,892 for gilts and .84l for
shoats. Repeatebility for depth of chest was .798 for gllts
and «794 for shoats in the case of live animel measurements,
repeatabllity of photographic measurements were ,790 and
+071 respectively, The repeatability of shoulder to tail
measurements made from the live animal were ,696 for gilts
and #4192 for shoats. Repeatability of photographic mea

surements were .73l and ,680 respectively.
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S1lze of the hogs dld not appear to have any appreclable
influence upon the errors of measurement although they were
8lightly greater for the shoats, Estimates of repeatability,
Ineluding both live animal and photographic measurements for
all items varied from 696 to .904 for the gilts and 492
to 8l for the shoats,

In comparing live animal measurements and photograph
measurements the estimates of repeatebility were about the
same. When there was a large difference the repeatability
of photographic measurements was always larger.,

Correlation coefflcients between the various combina=
tions of average A« M. and P, M, measurements and method of
measurement indicated thﬁt the two methods of measurement
- were measuring the same things except in. the case of length
from shoulder to tall, There was some indication that the
correlation coefficlents were slightly greater within methods
than between methods,

Differences between measurements by the two men were
significant four out of sixteen times and differences be-
tween tlime of day measurements were significant only three
out of sixteen times, There were significant differences
between series measurements in all cases, except three,
which could be partially éxplained as due to growth and
development.,
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Photographs and photographic measurements obtained
by the method used in this investigation provide a permanent,
objective, visual record of hogs. The measurements will be
as repeatable or moré repeatable than measurements taken
from the live hogs It was observed that the photographs
and photographic measurements could be obtained in less time

with less expense than live animal measurements.
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