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IKTRODUCTICW 

Th« Southern Regional Beof Cattle Breeding Project •'Ing)rovenient 

of Beef Cattle for Southern Regions through Breeding" was initiated 

in 19lid, with 10 Southeastern land grant colleges actively cooperating 

with the Bureau of Anioal Industry, for the purpose of studying aethods 

of improving the beef breeds of cattle in the Southern states* 

It was necessazy to keep a uniform set of records to evaluate the 

animals included in this study* With the leaders of this project 

located at the various colleges it was i^}parent that they would not all 

be able to evaluate every animal included in the study. It was, 

therefore, necessary to keep records that were descriptive enough to 

evaluate the bireeding worth of the cattle* Linear measurements have 

been used to a considerable extent in describing animals and studying 

changes in siae and shape during growth and developeent* Statistical 

studies by Lush «id Copeland (1930) have shown this technique of 

measuring to be almost ooapletely objective and ths results to 

have a higher accuaraoy than was at first expected. Some neasurementa, 

however, were dependent upon the position of the animal measured, and 

different men apparently used different techniques in obtaining 

thsir measoremsnts which led to considerable variation* Observations 

indicated that there wera considerable variations in the general 

appearance of animals, although there were only eli^t differences 

in actual linear measurement. It wae further found that it was 
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dlfflcxat to vl0ualize an aniaal from linaar oeasuraaMnts. 

AXsOf Unaar aeasureiasnta requlra consldarabXa tlaa and axpanse to gat 

rapraaantativa figoraa* Tha aniaala noat ba halter brokmi and 

trained to atand. Marqr aniula are nervoua and never oo^>Ietely beooae 

aecuatomad to handling* The Maauraanate Area auoh aninals are 

apparently not hig^Uy rapeatable. 

The uae of jriaotographa aa an objective, peraBment, viaual record 

eaa believed eorthy of atudy* The preaant atudy vaa iindartalcan to 

aacartain the value of photographa in obtaining bodgr aaaaureaenta aa 

e«nqpared to llve-aniiDal Beaaureaanta. Statistical analysis vaa used 

to evaluate the relative accuracy and repeatability of body BeaaureiBenta 

obtained by the tvo oethoda. It vaa recognized from the beginning 

that a aingle photograph could not be used to obtain vidth and round 

plua aide viev aoaauraiaents* All photographa vere of the aide viev* 

!n»ia atudy of the repeatability of photographic and live-

aninal Maaureaanta ahova that the ■eaauroBonte obtained by the tvo 

aethoda of aeaauraaenta are alnoat equally repeatable, vith the 

photographic aiMwureaenta in general having a slightly higher 

repeatability* 



IffiVIEW OF UTERATORE 

tucih and Copeland (1930) found that alngla linear neasureoents 

ware accurate (mough to obtain significant differences between dairy 

cattle but averages of two or more measureaenta were more accurate. 

Htlllips and Dawson (1936) in eoiq>aring three different types of linear 

measurements found that measurements taken directly from the animal were 

more accxurate than those obtained from photographs or by a scaling 

instromsnt. Phillips and Stoche (19li5) working with sheared sheep 

found that measurements obtained from live-animals were more accurate 

than those obtained from photographs using their techniques. 

Touehberry and l^ish (1950) reported that certain body measurements of 

dairy cattle were highly repeatable and that a single measurement 

was sufficient 



MAmiAL AND METiiODS 

A. Eqtti|«wnt 

A "Bovina Photographic chute"^ was used in the photographing 

of eaoh aninal. This photographic ehuto was wounted <»t two raaovable 

wheels and had a trailer hitch so that it was completely portable. The 

chute was of steel constiruction and consisted of a grid side, a solid 

movable side and sliding doors at each end. One of the doors was 

equipped with a head gate. The side grid was constructed of 5/8 inch 

steel bars welded together to form a 6 by 12 inch mesh screen. The 

lower 1)8 inches of this screen was reduced to a 3 x 6 inch mesh by 

vertical and horisontal 3/8 inch steel bars welded into the above 

grid. The overall size of the grid was inches by 96 inches. 

The side opposite the grid consisted of a solid sheet of 

3A6 inch steel plate mounted in a 1 7A6 inch angle iron frame. This 

side was mounted on four screws, oie at eaoh comer, and was fitted 

with a cog-chain di*ive. A lA horse power reverse cycle single phase 

motor was mounted on tiie frame of the chute to operate the screws, 

thereby increasing or daereasing the distance between the sides as 

desired, from a minimum of U inches to a maximum of 36 inches. A 

^This chute was designed by Dr. C. 3. Hobbs of the Animal 
Husbandry Department, University of Tennessee, in cooperation with 
J. A. Ewing and U. L. CSiandler of the Middle Tennessee Experiment 
Station, Ihiiverslty of Tennessee, and was constructed by 
M. L. Chandler. 
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er«nk could also be used in eaex>genoids or if desired. This novabXe 

side Bade it possible to minioise photographic distortion by holding the 

anlaal as close to the stationary grid as possible. 

All photographs were taken with the sane Speed Qrapic 

camera (U x 5 inch). A "Kodak Super •> XX high speed panchromatio" 

film pack was used. All photographs were taken inside a bam with 

artificial lights after preliminary work indicated the necessity of 

avoiding shadows and variable weather. The artificial lights consisted 

of two stands oontaining 3 bulbs eaeh. Tlwse lights were controlled by 

the use of a transforaer which could increase ̂ e power of the par 

33 projector flood bulbs from a low of 150 watts to a high of 750 watts 

each. The artificial lights had a trade naa» of "Colortran" and were 

Banufactured by the Colortran Convertor Companjff Los Angeles, 

Oalifomia. The lights were focussed in such a aanner as to minimiae 

shadows. 

Length, depth and height live-aniBal measureBents were taken by 

the use of wooden linear calipers graduated in centimeters divided into 

tenths from zero to two hundred. Round Boasurements were read from a 

Steel tape graduated in inches, divided into sixteenths of an inch, teom 

aero to seventy two inches. All Bsaaiu'ements were taken while the aniaal 

was standing on a level wooden pXatfom. 

6. Animals 

Ten cows, twenty-three yearlings and ten calves. Baking a total 

of forty three aniiaals were used. The cows consisted of purebreds, five 
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of vhioh irar« kagoB, thr«« Shorthorn, and tvo Hereford* The /earXings 

and calves were purebred Angus and Hereford for the nost part but some 

Shorthom-Angus and Shorthorn-Hereford ci^)S8es were also used. Ten of 

the yearling and the ten calves represented two calf crops of t^e ten 

cows* These anisials from the University of Tennessee college herd had 

been, with the exception of the calves, handled for class Instruction 

and were gentle and easily managed. 

C. Methods of Obtaining Photographs and Measurements 

The camera was moimted on a tripod and set up thirteen feet 

from the front of the grid and two feet behind and between the 

artificial lights. The lens was focussed on a point made by the 

crossing of the horizontal 36 inch bar and the vertical I48 inch bar. 

The "f* stop was set between 5*6 and 7*3 Kid the shutter speed wss set 

at a twenty-fifth of a second. Two photographs wars taken of each 

animal while standing in the photographic chute. The movable side wall 

was adjusted so as to hold the animal snugly but not tight against ths 

grid. Raferenoe points were marked on each animal with a thick paste 

of whitesssh to indicate the point of the shoulder and the point of 

hooks as an aid in obtaining photographic measuroBants. Attention was 

given to obtaining a normal standing position, with the feet placed 

squarely under the body and the head up, before taking each photograph* 

The position was changsd for each photograph* Immediately after toe 

second photograph was taken ths animal was haltered and led on to the 

wooden platform where the live-animal measurements were taken. Eaoh 
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livft animal neasursoient was takan each of two men. There waa no 

particular order obserred in obtaining each aeaeurement or in the order 

talcen bjr each man. This procedure of taking photographs and measure* 

aents waa followed both in the aozning and in the afternoon of the same 

dagr for each animal for each series. There was approximately a two 

weeks period between the two series. There was no knorvn tendency 

for either man to remoaber the measurement between the times of day or be 

tween series. 

The photographs were deweloped under the direction of the 

Kditor of the Ikiiversity of Tennessee Extension Service. An eight by 

ten enlarg«aent was made of each U x 5 negative with an Omega 

enlarger equipped with a Wallensak lens after preliminary studies had 

shown that k x S prints were not large enough for detailed measurements. 

Each of the two men measured one momiag photograph and one afternoon 

photograph of each series. An engineering rule graduated in inches^ 

divided into thirty seconde^ was used to measure the animal in each 

photograph (Figs. 1^ 2 and 3)* Photographlo and enlargement 

distortion was taken into acoount and a measurement factor wae 

calculated for each individual photograph in order to eliminate this 

distortion. This factor was ealoulated in the following mannert 

The actual distance between two points on the grid was determined in 

Inohes, the nuid>er of 32nd of an inch between these two points was 

measured en the photograph and wae divided into the actual grid diatance. 

This quotient waa nul'tiplied by 2,$k to convert inches to csntimsters* 
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Thas•X 2»$U <B Ct where C equals ̂ e nsasureaent factor in eentiiBeters, 
B 

A equals grid distance between two points in inches^ and B equals photo«> 

graphic distance between the sane grid points in 32nd of an inch. 

Ifhen the photogmphic weasttreaents in 32nd of an inch were nultiplied by 

the Masureaifflit factor the actiial asasurement of the animal in centi-

aeterw was obtained. In all photographs the neasurement factor was 

obtained from points that would enclose the subject to be measured. 

Two amasurement factors were determined for each i^tograph, one for 

wertical msasuxfrnmnts and (me for the (iiagonal ■easuremsnt. 

Hiotographic msaauremsnts were obtained for hei#t at the 

withers, depth at the heart girth, and length from the point of the 

shoulders to the point of the pin bones. Live-animal msasurements were 

obtained for eleven measuremmts, but only four were used in this 8tu(i^. 

They included the three used in photographic measuremmits plus a round 

msasttrement from patella to patella. Live-animal and photographic 

measureamts for height at the withers, depth at the heart girth and 

length of body from 8houl(HKr point to pin bones were analysed 

statistically. The round amasurement, from patella to patella, was 

analysed statistically for live-anijDal asasureaents. 



RESULTS AMD DISO£fSSIC» 

In order for photographic Maaoreaenta to be of value, they ahould 

be as repeatable as llve-anlBial oeasureaents• Further, both Methods 

should measure the saae thing. It was assuaed that photographic and 

live-aniaal TOasureamts were equally repeatable and were aeasures of the 

saae thing. This hypothesis was not disproved, and in general the 

photographic asasureaents were slightly aore repeatable. With but one 

possible exception, there was no reason to believe that the two methods 

of aeasureamt were not aeaeuring the saae thing. 

Differonoes between the means of live-aniaal and photognq>hic 

aeamireaents with the standard deviation of the aeans are shown in 

Table I. The diffei^oes are not, for the most part, significant. 

In the case of the length of body aeasureaent for the cows there 

is a significant difference with the liveoaniaal aeasureaents being 

larger in both series. ^ere is no indication in the data as to which 

aethod Is the atnre accwate, although the photographic aeasuzviaents 

(Table III) have a slightly highwr repeatability. Correlation 

coefficients between averages of morning and afternoon live~aniaal and 

Idiiotographio aeasureaents (Table I?) indicate that the two methods were 

not, neoessarily, aeasuring the earns thing. 

The dii^erenoes between live-«niaal and photographic aeasureaente 

for the yearlings were not significant. It was observed that live-

animal aeasureaente for length of body tended to be larger than 

photographic measureaeata in the lax^er animals. The calves wexa not 

aoeustoaed to handling and were difficult to manage during the process 
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TABtS I / 

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

First series Difference 

Llve-anlmal Rjotographic live-animal 

Ago groups and Items measurements measurements photogrsqiiie 
measured StaiuUu'u measure 

Mean deviatloa^ Mean dsiiation^ ments 

Cows: 

Length of body (cm) 1149.0 2.5U II43.9 2.52 5.1** 
Height at withers (cm) 120,7 3.57 120,6 3.6U .1 
Depth of chest (cm) 69.3 1.81 68.5 2.10 •8 
Patella to patella (cm) 99.8 1.86 

Tearllngst 
Length of body (cm) 123.U 14.33 121.1 3.86 2.3 
Height at withers (cm) 108.2 3.60 109.14 3.57 -1.2 
Depth of chest (cm) 59.0 1.82 59.6 1.52 - .6 
Patella to patella (cm) 91.0 U.85 
Calvest 
Length of body (cm) 80.0 I4.69 81.7 I4.22 -1.7 
Hel^t at withers (cm) 75.6 3.96 80.2 3.I46 -I4.6* 
Depth of chest (cm) 35.6 2.2I4 39.8 1.76 -I4.2** 
Patella to patella (cm) 66.0 2.83 

Second serĵ es 

Cowst 

Length of body (cm) 1U9.5 3.914 II43.I4 3.23 6.1** 
Height at withers (cm) 121.1 3.70 121.0 2.96 ,1 
Depth of chest (cm) 69.6 1.90 68,5 1.78 1.1 
Patella to patella (em) 100.6 2.73 

Tearllngsi 
Length of body (cm) 12U.8 5.38 123.2 I4.33 1.6 
Height at withers (cm) 109,0 3.68 110.6 3.I49 -1.0 

Depth of chest (cm) 59. 2.59 60.5 l.SU -1.5 
Patella to patella (cm) 91.5 I4.03 

Calvest 
Length of body (em) 83.3 I4.92 8I4.2 3.56 - .9 
Height at withers (cm) 79.14 3.6U 83.14 3.08 -I4.0* 
Depth of chest (cm) 37.7 2.12 I4O.6 1,80 -2.9«* 
Patella to patella (cm) 67.6 2.93 

Significant at the .05 lerel 
Significant at *01 lereX 
Standard deviation between animals 



    

T
A
B
I
£
 I
I
I
 

V
A
R
I
A
N
C
E
 C
O
U
P
O
N
E
N
T
S
 A
N
D
 R
E
P
E
A
T
A
B
I
U
T
I
 E
S
T
I
M
A
T
E
S
 

Va
ri

an
ce

 e
cH
sp
cm
en
ts
^ 

R
e
p
e
a
t
a
b
i
l
i
t
y
 

A
g
e
 g
r
o
u
p
s
 a
n
d
 i
t
e
m
s
 

B
o
t
h
 

A
v
.
 s
e
r
i
e
s
l
 

m
e
a
s
u
r
e
d
 

E
 

D
 

c
B

A
 

se
ri
es
^ 

♦s
er

ie
s 

11
^ 

L
iv

e
-a

n
im

a
l 

a
e

a
su

rf
fia

e
n

ts
 

C
o

w
s
: 

Le
ng

th
 o

f 
bo

c^
 

-.
0

9
 

-.
1
7
 

.0
8
 

7
.8

7
**

 
7.

9U
 

.5
0U

 
.5

14
6 

H
e
ig

h
t 

a
t 

w
ith

e
rs

 
.0

1
 

.0
1

 
.3

U
 

1
1

.0
9

**
 

1.
75

 
.8

U
0 

.8
89

 
D

ep
th

 o
f 

ch
e

st
 

.0
3

 
.0

1
 

.0
8

 
3

.3
3

**
 

.7
3

 
.7

9
7
 

.7
81

< 
P

a
te

lla
 t

o
 p

a
te

lla
 

.2
U

 
-.

0
1

 
-.

0
8
 

2
.5

^ 
5.

14
0 

.3
16

 
.1

46
3 

T
e
a
rl
in

g
s
: 

Le
ng

th
 o

f 
bo

<i
(y

 
.1

7
 

.3
1

* 
2

2
.3

9
**

 
8.

U
2 

.7
05

 
.7

62
 

H
e

ig
h

t 
a

t 
w

ith
e

rs
 

.1
6 

.0
1
 

.0
3

 
1
2
.0

1
**

 
1.

35
 

.8
8U

 
.9

06
 

D
ep

th
 o

f 
ch

es
t 

-.
0
1
 

-.
0

1
 

-.
0
1
 

6
.8

6
**

 
.7

5 
.9

05
 

.9
1I

4 
P

a
te

lla
 t

o
 p

a
te

lla
 

•o
U

 
-.

0
3

 
.0

6
 

1
5

.7
9

**
 

7.
65

 
.6

71
 

.7
69

 

C
a
lv

e
s
t 

Le
ng

th
 o

f 
bo

c^
 

7
.0

2
**

 
-
.
u
 

.O
k 

1
7

.5
5

**
 

U
.3

9 
.6

07
 

.8
98

 
H

e
ig

h
t 

a
t 

w
ith

e
rs

 
6
.9

8
**

 
-.

0
2
 

-.
0

2
 

lit
.O

l*
* 

1
.7

9
 

.6
16

 
.8

8
8
 

D
ep

th
 o

f 
ch

es
t 

2
.2

5
**

 
-.

0
1

 
-.

0
1

 
i4

.6
5*

* 
.5

7 
.6

2U
 

.8
90

 
P

a
te

lla
 t

o
 p

a
te

lla
 

l.
l6

»
* 

-.
o

U
 

1
.1

6
**

 
6
.9

0
**

 
1
.6

7
 

.6
3U

 
.7

08
 

» 
S

ig
a
ifi

ca
n
t 

a
t 

th
e 

,0
$ 

le
ve

l 
«

• 
H

ig
h
ly

 s
ig

n
if
ic

a
n
t 

a
t 

th
e 

.0
1 

le
v
e

l 
1 

Se
e 

ta
b
le

 I
I 

fo
r 

as
an

ln
g 

o
f 

va
ri
a
n
ce

 c
oi

^x
jn

en
ts

 
2 

Ba
se

d 
on

 t
he

 o
oi

d}
in

ed
 d

at
a 

fo
r 

th
e 

ts
o 

se
rie

s,
 8

 m
ea

su
re

m
en

ts
 p

er
 a

ni
m

al
. 

T
ot

al
 

va
ria

nc
e 

in
c
lu

d
e
 d

iff
e
re

n
ce

s 
be

tv
ee

n 
se

ri
e

s.
 

W
he

re
 d

iff
e
re

n
ce

s 
be

tw
ee

n 
se

ri
e
s 

ar
e 

p
a

rt
ly

 
du

e 
to

 g
ro

w
th

, 
th

es
e 

fig
u

re
s 

w
ou

ld
 u

nd
er

es
tim

at
e 

th
e 

tr
u

e
 v

al
ue

 f
o
r 

re
p
e
a
ta

b
ili

ty
 o

f 
ti

ie
 

4
r*

v
a

ri
o

u
s
 
m

e
a
s
u
r«

B
«
it
s
 •
 

3 
Av

er
ag

e 
o

f 
w

ith
in

 s
er

ie
s 

es
tim

at
es

 o
f 

re
pe

at
ab

ili
ty

 b
as

ed
 o

n 
U 

m
ea

su
re

m
en

ts
 p

er
 a

ni
m

al
 f

o
r 

ea
ch

 
se

rie
s.

 
Th

es
e 

fig
ur

es
 a

re
 t

ak
«i

 a
s 

re
pr

es
en

tin
g 

th
e 

m
or

e 
ac

cu
ra

te
 e

st
im

at
es

 o
f 

re
pe

at
ab

ili
ty

 
in

 t
h
is

 s
tu

d
y.

 



    

T
k
m
£
 i
n
 

TA
EI
AH
CK
 C

Ca
iP

CH
Ca

iT
S 
A
H
D
 R
EP
EA
TA
BI
LI
Tr
 E
ST
Il
tt
TE
S 
(O

on
td

.)
 

Va
ri
an
ce
 c
oa

qp
on

en
ts

^ 
R
e
p
e
a
t
a
b
i
l
i
t
y

A
g
e
 g
r
o
u
p
s
 a
n
d
 i
t
o
s
 

B
o
t
h
 

A
V
.
 s
e
n
e
8
-
*
>
 

a
e
a
s
u
r
e
d
 

S
 

D
 

C
 

B
 

A
 

s
e
r
i
e
s
^
 

♦s
er

ie
s 

11
^ 

P
ho

to
gr

ap
hi

c 
a

e
a

st
tr

e
m

n
ts

 

G
ow

st
 

Le
ng

th
 o

f 
bo

dl
y 

.0
2
 

-.
0
3
 

.0
2

 
7
.3

8
**

 
3.

06
 

.7
06

 
.7

26
 

H
e
ig

h
t 

a
t 

w
iti

ie
rs

 
.o

u 
.0

2
 

.0
3

 
lO

.U
U

**
 

1
.2

7
 

.8
89

 
.9

18
 

D
ep

th
 o

f 
ch

es
t 

-.
0

1
 

.O
U

 
.O

U 
3.

1#
^ 

.5
7 

.8
U

U
 

.9
08

 

T
e

a
rl
in

g
s 

s 
Le

ng
th

 o
f 

bo
d^

 
2

.2
8

**
 

.2
9
**

 
-.

0
2
 

1
5
.6

5
**

 
3
.1

9
 

.7
3
2
 

.8
U

U
 

H
e

ii^
t 

a
t 

w
ith

e
rs

 
.7

7
**

 
-.

0
2
 

-.
0
1
 

n
.8

3
*»

 
1.

U
5 

.8
U

U
 

.9
08

 
D

ep
th

 o
f 

ch
es

t 
-.

0
1
 

.0
2

 
U

.8
7»

* 
l.
U

 
.7

55
 

.8
U

l 
C

a
lv

e
s
s
 

Le
ng

th
 o

f 
bo

dy
 

2
.9

9
**

 
.1

2
 

.0
7

 
1
5
.7

8
**

 
3.

3U
 

.7
08

 
.8

U
1 

H
e

i^
t 

a
t 

w
ith

e
rs

 
U

.9
5*

» 
-.

0
0

 
-.

0
3
 

lo
.U

o
**

 
1
.1

3
 

.6
32

 
.9

27
 

D
ep

th
 o

f 
ch

es
t 

.3
$

**
 

-.
0
3
 

.0
2
 

2
.7

1
**

 
1

.0
7

 
.6

58
 

.8
07

 

« 
S

lg
a
lfi

ca
n
t 

a
t 

th
e 

.0
5 

le
re

l 
•f

t 
H

ig
hl

y 
si

g
n

ifi
ca

n
t 

a
t 

th
e 

.0
1 

le
ve

l 
1 

Se
e 

T
ab

le
 I

I 
fo

r 
ai

sa
ni

ng
 o

f 
va

rl
o

ic
e

 c
on

po
ne

nt
a

2 
Ba

se
d 

on
 t

he
 c

om
bi

ne
d 

da
ta

 t
a

r 
th

e 
tir

o 
se

rie
s,

 8
 B

w
as

ur
eo

en
ts

 p
er

 a
ni

na
l. 

T
ot

al
 v

ar
ia

nc
e 

in
cl

u
d
e
s 

d
iff

e
re

n
ce

s 
be

tir
ee

n 
se

ri
e
s,

 
m

he
re

 d
iff

e
re

n
ce

s 
be

tir
ee

n 
se

ri
e

s 
a
re

 p
a
rt

ly
 d

ue
 t

o
 g

ro
w

th
, 

th
es

e 
fig

u
re

s 
w

ou
ld

 u
nd

er
es

tia
at

e 
th

e 
tim

e 
va

lu
e 

fo
r 

re
p

e
a

ta
b

ili
ty

 o
f 

th
e 

va
rio

us
 a

ea
su

re
ae

nt
s.

 
3 

Av
er

ag
e 

of
 w

ith
in

 s
er

ie
s 

es
tia

at
es

 o
f 

re
pe

at
ab

ili
ty

 b
as

ed
 o

n 
U 

ae
as

ur
sa

en
ts

 p
«E

> 
an

ia
al

 f
or

 e
ac

h 
se

ri
e

s.
 

Th
es

e 
fig

u
re

s 
ar

e 
ta

ke
n 

as
 r

ep
re

se
nt

in
g 

t^
e
 m

or
e 

ac
cu

ra
te

 e
st

iia
at

es
 o

f 
re

p
e
a
ta

b
ili

ty
 

in
 t

h
is

 s
tu

d
y.

 



T
A
B
L
E
 
1
7
 

S
I
M
P
L
E
 G
O
R
R
E
L
A
T
K
W
 C
O
E
F
F
I
C
I
^
T
S
 B
E
T
W
E
E
N
 A
7
E
R
A
G
B
S
 F
O
R
 V
A
R
I
O
U
S
 I

TB
il
S 
M
E
A
S
U
R
E
D
 B
Y
 D
I
F
F
E
R
E
N
T
 

M
E
T
H
O
D
S
 A
N
D
 A
T
 D
i
m
i
R
E
H
T
 T
I
M
E
S
 O
f
 D
A
Y
 

Fi
rs
t 
s
e
r
^
w
 

Se
cd

nc
i'

se
ri
es

' 
A
g
s
 g
r
o
a
p
s
 a
n
d
 I
t
e
a
s
 

B
o
d
y
 

fi
t
*
a
t
 

D
e
p
t
h

p
a
t
e
l
l
a
 

B
o
d
y
 

B
t
.
 a
t
 
D
e
p
t
h
 
P
a
t
e
l
l
a
 

c
o
r
r
e
l
a
t
a
d
 

l
e
n
g
t
h
 

w
i
t
h
e
r
s
 

o
f
 

t
o
 

l
e
n
g
t
h
 w
i
t
h
e
r
s
 

o
f
 

t
o
 

c
h
e
s
t
 
pa
te
ll
a 

c
h
e
s
t
 
p
a
t
e
l
l
a
 

C
o
t
o
A
 

-
A
v
.
 A
.
M
.
 
p
h
o
t
o
s
 

A
v
,
 P
.
a
.
p
h
o
t
o
s
 

*
,
6
k
 

♦
.9

7
♦

.9
6

♦
,8

8
♦

.9
1

♦
.9

5
A
v
»
 
A
.
M
.
 p
h
o
t
o
s
 

A
v
.
 
A
.
M
.
a
e
s
.
 

♦
.5

2
♦

.9
0

♦.
7U

 
♦
.7

1
 

♦
.8

0
 

♦•
8

6
-

A
v
.
 A
.
M
.
 I
^
o
t
o
s
 

A
v
.
 P
.
M
.
1
B
0
S
.
 

♦.
6
1
 

♦.
8
6
 

♦.
9
3
 

♦.
95

 
♦
,9

2
 

♦.
8

7
 

m
m

A
v
.
 
P
.
M
.
 
p
h
o
t
o
s
 

A
v
,
 A
.
M
.
b
m
s
.
 

♦.
5

8
 

♦.
8

9
 

♦
.7

7
 

♦.
6
1
 

♦
.7

3
 

♦.
75

 
-

A
v
.
 P
.
M
.
 l
^
o
t
o
s
 

A
v
.
 P
.
H
.
s
e
s
.
 

♦.
59

 
♦.

8
6
 

♦.
8

9
 

♦.
5

1
 

♦.
6

5
 

♦
.7

1
 

—
A
v
.
A
.
M
.
s
e
s
.
 

A
v
,
F
.
M
.
B
e
8
.
 

♦,
U

9 
♦
.9

7
 

♦.
8
6
 

♦.
5

1
 

♦.
95

 
♦
.9

1
 

♦•
7U

 
>
 

00 
•
 

.
fe

ar
:;
Li

ng
s'

 
♦
 

_

A
v
.
 A
.
M
.
 p
h
o
t
o
s
 

A
v
.
 P
.
M
.
p
h
o
t
o
s
 

♦
.9

2
 

♦•
95

 
♦
.9

0
 

♦.
8U

 
♦.

9
7
 

♦.
8

7
 

A
t
.
 A
.
M
.
 I
^
o
t
o
s
-

A
v
.
 A
.
M
.
a
e
s
.
 

♦,
8

2
 

♦.
96

 
♦.

7
9

 
♦
.7

1
 

♦.
9
6
 

♦.
75

 
A
v
.
 A
.
M
.
 
p
h
o
t
o
s
 

A
v
.
 P
.
M
.
B
B
S
.
 

♦.
76

 
♦.

96
 

♦
.7

7
 

♦
.9

0
 

♦
.8

8
 

♦.
83

 
A
v
.
P
.
M
.
{
^
o
t
o
s
 

A
v
.
A
.
M
.
a
e
s
.
 

V.
6I

4 
♦.

96
 

♦.
8
9
 

♦,
6U

 
♦.

9
5
 

♦
.9

0
 

- -
A
v
.
 P
.
M
.
 p
h
o
t
o
s
 

A
v
.
 P
.
M
.
a
e
s
.
 

♦
.8

2
 

♦
.9

7
 

♦.
8U

 
♦.

85
 

♦
,9

0
 

♦.
8
9
 

-
A
v
.
 
A
.
M
.
 a
w
s
.
 

A
v
,
 P
.
M
.
a
e
s
.
 

♦.
7U

 
♦,

96
 

♦.
95

 
♦.

7
8
 

♦.
7

3
 

♦
.9

1
 

♦
.9

2
 

♦•
8

6
 

C
a
l
v
e
s
A
 

A
v
,
 A
.
M
.
 p
h
o
t
o
s
 

A
v
,
 P
.
M
.
p
h
o
t
o
s
 

♦.
83

 
♦.

96
 

♦.
9

2
 

♦.
96

 
♦
.9

9
 

♦
.9

7
- -

A
v
.
 A
.
M
.
 I
^
o
t
o
s
 

A
v
.
 A
.
M
.
a
e
s
.
 

♦
.9

2
 

♦.
96

 
♦
.7

7
 

♦
.8

2
 

♦
.8

6
 

♦.
5

7
 

m
m

A
v
.
 A
.
M
.
 
p
h
o
t
o
s
 

A
v
.
 P
.
M
.
 B
B
S
.
 

♦.
8
6
 

♦.
9
5
 

♦
.8

8
 

♦.
71

* 
♦
,9

1
 

♦.
7
2
 

m
m

A
v
.
 P
.
M
.
 j
^
o
t
o
s
 

A
v
.
 A
.
M
.
 a
e
e
.
 

♦.
8

8
 

♦
.9

7
 

♦
.9

3
 

♦
.9

0
 

♦.
8
5
 

♦.
U

7 
m
m

A
v
.
 P
.
M
.
 p
h
o
t
o
s
 

A
v
.
 P
.
M
.
 l
a
e
s
.
 

♦.
8
3
 

♦.
9

5
 

♦
.9

1
 

♦.
??

 
♦
.9

2
 

♦.
63

 
m
m

A
v
.
 A
.
M
.
 a
e
s
.
 

A
v
.
 P
.
M
.
 
T
O
S
.
 

♦.
85

 
♦.

95
 

♦
.9

7
 

♦
.9

7
 

♦.
7
U

 
♦.

uU
 

♦.
9

2
 

♦.
7

7
 

1
 

Va
lu

e 
of

 .
63

2 
ne

ce
ss

ar
y 

fo
r 

si
gn

ifi
ca

nc
e 

at
 .

0^
 l

e
re

l, 
.7

6^
 a

t 
*0

1 
Ib

tb
I 

2 
Va

lu
e 

o
f 

»h
L3

 n
ec

es
sa

ry
 f

o
r 

ei
gn

ifi
ca

nc
e 

at
 .

05
 l

ev
el

, 
.5

26
 a

t 
.0

1 
le

ve
l 



17 

of taking llYOHUiiwd aMCuroBents. Thoy tended to fight the halter 

and would fall back againet itj this caused them to have their feet 

braced forward and not squarely under them. The calves also had a 

heavier coat of hair than any of the other groijq>s. A cos^ination of 

these two reasons probably accounts for a large portion of the 

differences in dep^ of body and height at the witheni between live* 

animal and photographic msasureaeats. The photographic measurements 

were slightly more repeatable for height of withers, and the live* 

animal measurements were more repeatable for depth of chest. 

The repeatability or correlation of single measurements the 

saiae animal was oalcxilated for each measurement to determine the 

relative accuracy and repeatability of the various measurements obtained 

by the two methods studied. 

The general form of analysis used waa the same as that used by 

Hetser et. al. (1950) in their study of the relationship between body 

and carcass characteristics of swine. The analysie of variance for 

the various body measurements obtained by the two methods, involved the 

segregation of the specific eouroee of variance and the principles of 

intra*cla88 correlation. The repeatability of measurements furnishes 

information as to idilch method of obtaining measurements was the most 

reliable, and provides a method of determining ttie number of obseirvations 

necessary to arxdve at a reasonably accurate estimate of repeatability 

for a particular body measurement. An exaa^e of the method used Is 

shown in Table IX. This table shows ths analysis of variance for 

live-animal length of body meaaisrementa for twenty-three yearlings which 
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mro measTU^ed by each of two awn in tha aoming and repeated again in 

the afternoon of the same day for each of tiro series separated by 

approximtely two weeks* 

varianoe eooponents with the estlaates of repeatability 

for the Tsrious aeasureisents studied are giwen in Table III* ftM 

estlaates of repeatability for length of body was considerably aozw 

variable than either the depth of chest or toe hoii^t at witoers, 

with a range of for the oows to *898 for the calves* The 

photographic asasureasnte were more repeatable for cows and yearlings^ 

but the live-aniaal aaasiureaents were slightly aoro repeatable for 

calves for length of body* For height at withers the range of 

variation of repeatability was froa a low of *888 in the live-anlaal 

calf aeasuswasBts to a high of *927 in the photographic calf 

aeasureaents* The jdiotograi^io aeaeureaents were more repeatable In 

all three age groups for the height at withers* The photographic 

asasurements were more repeatable for depth of chest in toe oows. 

However* liveHUiiaal steaeureaents for the yearlings and calves for 

depth of chest were more repeatable. The range of variation for depth 

of chest was from *80? to .9lU* the low figure being for i^otograjdiio 

Bttasureaents for calves and the hi^ figure being for yearling for live* 

anlaal aeasuroments* 

Data for a round asaaureaent froa patella to patella obtained 

the live-aniisal aeasureamt aethod was analysed* Tha estimate of 

repeatability for this asasureaent was lower than any of the other 

aoasureasnts analyzed in this study* The variation was considerable 
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and x^gad from a low of .1463 for tha oowa to a high of .769 tor tha 

yearlings. 

A study of the variance components in Table III ahows that tha 

relative accuracy of tha various naasureaeats was primarily a function 

of the interaction components. Tha relatively large variation between 

series in calves and yearlings is probably due to growth and developiaent 

during tha interval between series. Tha variation between asasurenents 

taken at different times during the day were too small to be of 

significance in all but one case. In only two oases was tha varianca 

significant between iMasurements of the two mm. 

To determine irtiether tha two methods of measurement ware 

Bwasuring the same thing, correlation coefficients between the averages 

for the various items measured by different methods and at different 

tiros of day were calculated. These correlation coefficients are shown 

in Table 17. Approximtely 85 per cent of the correlation coefficients 

are above the .01 level of significance and only 7 percent are below the 

•05 level of significance. Tha majority of "Uie correlation coefficient 

that are below the .05 level are for the length of bod|y measurements for 

the cows which have been mentioned previously. In studying Table 17 

it seras reasonable to believe that the two methods are measuring the same 

thing for the majority of the measurements. The high percentage of 

highly significant correlation ooefficimts indicates in general that Ihe 

two methods of measurements are highly repeatable althou^ there is no 

proof as to absolute accuracy, nie correlations obtained between 

average morning and afternoon measurements within a method of measurement 
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tt&d to be higher than correlations obtainsd from various conbinations of 

time bstseaa Mthods. This indicates that betsesn the two osthods of 

■sasiireaant there vas fairly close agreementf bat does show that there 

is soBM variation* It is indicated that in the case of length of body 

for the cows that theire say be a differmoe in the items measured. 

, 'V 
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In this study of repeatability of Iiva->aniinal and photographic 

ael^ods of aeasureaents of beef cattle, forty three animals representing 

three age groups vere used. Analysis of the data vas made to determine 

estimates of repeatability of single measurements. Body measurements 

of length of body from shoulder point to pin bones, depth of bodty at 

the heart girth, hei^t of the withers and a round masurement froa 

patella to patella were used. Estimates of repeatability for the three 

age groups varied fr<Mi to .898 for body length in the liveHUiinml 

maasurements and from .726 to .8UU for body length in i^otographic 

measureisents. The height at the withers repeatability estimates ranged 

from ,886 to .906 for lire-aniiwl measurements and .908 to .92? for 

photographic measurMwnts. The depth at heart girth ranged from «78U 

to .9114 for live~animal measurements and «807 to .908 for i^tographie 

measuremmits. Repeatability estimates for the patella to patella 

maasTurmaent were lower than either of the other live-animal measurements 

and ranged from .1|63 for the cows to .769 for the yearlings. 

Size of animals did not appear to have any influence upcm the 

errors of measuremmit, although the difference between methods for 

the length measurement had a tendency to be greater for larger animals. 

The estimates of repeatability including both me^ode of measurement 

ranged from .5l»6 to .918 for the cows, .762 to .9lU for the yearlings 

and .807 to .927 for the calves. This excludes the patella to patella 

measurements which could only be obtained by the live-animal measurement 

method. 
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Betiafttes of ropootabillty wore slightly hi^or for photographic 

neaaurenanta in six of the nine conparisona studied with the greatest 

differences occurring in tbe length of body neasureaents for the cova* 

The three liTe-aidaal asasureaients that gawe higher satiaatea were for 

length of bod^ in calves and depth at heart girth for calves and yearlings. 

Ihe patella to patella oeaaureaent gave the lowest estioate of 

repeatability but was obtained from liveHuiiaal tBsaaurements only. 

Correlation coefficients between the various combinationa of time 

of day and method of msaaurenant indicated that the two methods of 

neaaurement a»aaured the aaaie thing in a majority of the cases. 

However, the two methods of obtaining Imgth of body measurements for 

the cows could have been measuring different things. There was some 

Indication that the correlation coefficients were slightly greater 

within methods than between methods. 

Differences between measurements by men were too small to be 

of significance in nineteen out of twenty'-one oases. Differences 

between times of day were significant In only one out of twenty-one 

cases. There were signifioant differences betwewa series measurements 

for calves and yearlings which would be expected in growing animals. 

This study indicates that photographs obtained by the method 

used will provide a permanent, objective, visual record of individuals 

and/or progeny. These photograihs will furnish certain body 

measurements that will be as repeatable or slightly more repeatable 

■U«n live-animal measurementa. Observations indicate that photographio 

meaauremsnts may be obtained with less e:iq}ense and effort when large 
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nualMZv of untrained nexroua, and excitable cattla ara to be 

■eaaured. 
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