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measurcments may aid in the assezswment of conformation

differences, but they give little indication of balence,
moothness, or qualiby of the aniwmal which smst be

congidered in an over-zll score or grade evaluastion.

Measurenents do, hovever, appesr to be usciul for the study

of verintion and relationships of size to other factors

among cattle because of the greater accuracy with vhich

certain body parts may be described.

Gf particulsr interest tc the breeder is the relative
importance of the genetic variation. This portion of the

3

total variation determines the extent to which he may expect

& o

to improve welght and dimensions of desirable size and

confornation in his catitle. Genetlic relatlonships of welght
and various bhody dimensions are of interest since they indi-
cate to the breeder the effect that he may expect selection

£

for welght to have in changing body dimensions.

The primary objectives of the present study were to

el

obtain estimates of heritebility of welight and certoin

Ao

measurements at weaning (whieh attempt to measure body
dimensiong stressed in the subjective evaluation of confop-
mation), and to obtala estimates of phenotypic and genetic

correlations between these body measuroments and welight.



Like most guantitabive characters the trolts chosen for
Ylils study are affectved by many pairs of genes and, also,

EJ

are inflvenced o great deal by envirvonmental varistionse.

%

Procedures for the determinetion of the isporiance of
genetle and envirommental couges of differences apong indi-
viduals have been developed during the past three or Tour
decades. It 1s only very recently thalt these procedures
have been applied to studles of beel cattle.

Changes in the genctie compositlon of 2 populstion from
goeneration Yo genersiion is governed by the accuracy with
which either noture or nan recognlzes genetic differences on
the bosis of phenolypic differenves between individuals or
groups of individuals. That early geneticists may have
realized this to a certain extent is suggested by ststenants

x

&
eud

M o TR N o R
such &2 that of VoL

A complete theory of horedity showld tale
into account, besides germinel processes, the
effect of the eaviroament in wmodifyving the sona
&hﬁaiﬁﬁé from any glven wype of germ-cell, an

effect which is herdiy iikely to e negiigible in
the case of such a character as siature.

#s early as 1910, Welnberg suggested melhods of sepo-

rating genetic and environmental components of totel

tas
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phenctyplic variebllity, but his contribublion to the subject
was overiocked {or many years (see 5%@&&, 1543 7.

It was sevoral ¥ later thet Wright (1917, 1920)
Fisher (1918) independently devoloped couprehensive
techniques dealing with the problem. The first of Wrighito
papers dealt with a caose in which genetic ond cnvironments

rarintlon wvere separated experimentslly rather than by

statistical neans. e developed several highly inbred lines

of guinea pigs. The enalysis of this experinment not only

et

neasured the relative smounts of genotie and environmental
variation, but also it separabted gonelic from environmental
correlation bebween two trails by use of the technigues of
covarisnee {(at that time an uncoined term). Subseqguent
papers by Wright (1918, 1921, 193 34} prescnted and elaborated
oo his methed of path coefficlients vhich alloved statistical
aseparation of genetic and environmental variation in gonsral
populations. Sismiteneously and independently Fisher (1918)
dealt with the same subject, which also vas claborated on
later by Fisher, Immer, and Tedin (1932).

The statistlcsl separation of genetic and environmental

correlations between different traite vas described by Smith

3-

(1938) and by Hazel (1943}, whose technique was derived from

€5

the method of path coefficients combined with the anslysis
of covarianco.
Thus the fraction of the total phenolypic variance due

3, e Biad

to genetie differeonces earo to be known as heritabllity,
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Lush (1945, 194%9). Tozed in a brosd sensey this tern refers

D

the functionlng of the vbole genotype. The genotype,

however, is not transmitied as a unit. Instead, its

constituent gencs segregate and come together in new combi-
nations with eanch new geseration. The genes may interact
with each other in non-additive ways so that, in certain

NSl

feront from their

"":

combinations, they have effects quibe 4i
aversge effects in a population., Those differences betueen
thelr ackbual effects 1n each combination and thelr average
gffects in the whole populsiion cre celled dominsnce devia
Pions and eplstatic deviaticns and are transmitied only in

S

party if at all. The parrov definition of heritability

\

includes only the average effects of the

vhen the

maln emphasis is on expressing the frection of the

phenotyple differsnces between parvents that reascnably noy

be expected to be recovered in thelr offspring.

A11 methods of estimebing heritabllity are based in onc
way or another on peasuring the sxtent to which related
ke each other than unvelated onss.
The problem ls to measure the extent to vhieh phenctyple
likeness parellels genetice likeness, The nethods whileh have
been used wmost widely are the study of isogenic lines,
regressicn of offspring on parental phenotypes, selection in
opposite directlons from the same initial population,
resexmblances b@tw@ca full-sibs, resemblances between hali-

3ibs, and regression of veriance on relationshin.



Discussions of these methods mey be found in the publica-

s

ticns of Lush (1945, 19%9). TFor illustrations of their use
in studies of data from animals other than beef cattle, see
whotley (194%2) and Dickerson and Grimes (19%7), for swineg
Hazel and Terrill (1945, 194%6), for sheep; and Laben and

Herman (195C), for dairy cattle.

The Heritability of Weaning Weight

There are relatively few studies on heritability of the
various measures of beefl cettle performance in the litera-
ture. The rather recent development of genetical theory,
appropriate statistical technique, the long generation
interval, and the expense of waintalning experimental herds
have convributed to the slow accumnlstion of data sultable
for this type of study.

In 1946, Knapp and Nordskoz snalyszed the records {rom
177 steer calves from 23 sires vhich had been fed on record
of performance tests during the period from 1938 through
19%% ot the U. 5. Bange Livestock Experiment Station, Miles
City, Mentana. These calves were dropped in April and May
and weaned in October. Heritability of veaning weight
obtained from intra~sire correlation was 12 per cent, and
that cobtained from a regression of avefage weight of progeny
on weight of sive when adjusted for yesarly effects was 30

per cent. & later publication from this station by Knapp

.

i
and Clark (1950) gave a revised herltability cstimate of
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28 per cent for weaning weight. This later estimate wes

oy

based on 110 Hereford sire groups that alseo inciuded those
reported earlier.

From the same sbtation, Shelby, Clari, and Woodward
(1995) reported on the analysis of the records of 635
Hereford steers from 88 sires and nine inbred lines fed in

the record of performance tests from 19h2 to 1951 inclusive.
Their herltebhility cstimate of weanlng veight of 23 per cent
was obtained on compeonents of varilance which were adjusted
for age at weaning within year and lino of breeding. The 95
per cent confidence limlts of this cstimate were 3 and 41
per cent,

In a study of factors influencing birth and weaning

welghts of Hereford calves in Nebraska, Gregory, Blunn, and

3

Baker (1950) obtained heritability estimates of 26 and %2
per cent, respectively, from herds msintained at the Horth
Platte and Valentine sub-stations. At the North Platie
station the 33 records collected in 1936 and 1937 and the
237 records collected from 1944 through 1947 included
progeny of six different sires. Thess calves were corrected
to a standard age of 200 days, while those at the Valentine
station were corrected to & stendard age of 150 days. A%
the Valentine station 69 records were available from slx
different sires during the years 1935 and 1
cows calving ln any one season wers the same sge, no

correction was nade for age of dew. Estimates of
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repoatabllity in these data ranged from .35 to 90 for
veaning welght.

¥eCormick and Southwell (199%) presented the results of
the analysis of 18 years of data ecllected st the Ceorgis
Experiment Station from a herd of polled Hereford catble.
Thegse records included o tobzl of 491 veaning weights éf
calves sired by 19 bulls 2nd out of 124 cows. Heritability
estinates were determined from paternsl half-sib correla-
tions for the 210-day, 2l0-day sex adjusted, znd for the
210-day sex and age of dam adjusted welghlts. These veluss
were 37, 43, and 3 per cent, respactively. It was thought
that age of dam corrections in these dats also removed sgire
differences. A repeatabliity estimaste of 51 per cent was
caleulated for the sex adjusted welghts from differences
bebtween cows within seasons and age of dam groups, The
repeatability of sire perflorpance determined for yearly
sverage weanlog weights for sire groups was 49 per cent.

From an snalysls of the relstionships among welght
gains for five pericds of grovth of 88 grade and 67 purebred
Hereford ¢slves, Kidwell (1954%) obtained an estimate of
heritability of weaning ﬁeight of 100 ner cent by the
paternal half-sib method., This estimate was based on nine-
teen degrees of freedom. The calves were purchased in
groups in 1946, 19u8, and 1950 from four different ranches.

It was pointed out that pre-purchase environmental
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£

conditions and sex differcnces could have biased this est

bt

sk s vpward.

Dawson, Vernon, Bsker, and Warwick (1954} reported
heritability estimates of sim-month weights of W6 calves
produced during the years 1945 to 1950 in g strain of eattle
derived from a Brahman-Angus crossbred foundation at the
U. S+ Iberia Livestoch Experiment Farm, Jeanerette,
Louisiana. Heritability of six-month welight was estimated
as zero from sire-offspring regressions and paternal half-
sib correlations of immediate offspring and from 5 to 15 per
cent based on dam-offspring regressicns. Paternsl half-sib
corralations based on weights of calves raised by the
daughters of the sires used gave g heritsbiliby estimate of
19 per cent.

Iin a comprehensive study of genetic and envircnmental
relotionships aong econonic characters in beef cattle, Hoch
and Clark (195%a) analyzed records collected at the U. S,
Ranpe Livestock Experiment Station from registered and grade
Herefords during the period from 19206 through 1951. These
data were adjusted to a heifer basis and correcied for the
influence of age of dam. Weaning welghts were adjusted To a
standard age of 182 days. Year effects and line effects
were roepoved in the analysis. The heritability estimate for
weaning welght computed from the 4,553 availlable records of
137 sires by the paternzl half-sib method was 24 per cent

with 95 per cent confidence limits of 3% and 17 per cent.
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The genctic correlatlons between birth weight and
weaning gain (W46) indicabed that many of the same genes
aifected prenatal and postastal growth to weaning. Yesrling
gelin was almost independent, genetically, of galn from cone
ception to birth (.06} and from birth to weaning {~.0%). In
both preweaning and postweaning periods the genetiec correla-
tions between galins and scores were quite large. Comparison
of maternal (.3%) and paternsl half-sib (L06) correlations
indicated maternal eavironment to be quite important in the
determination of weaning welght. In a companion paper by
Loch and Clark (1L955b), regression of weaning weight of off-
spring on that of dam was caleculated for Y%,23% calves from
1,231 dams on & within year and age of dam classiflcation,
Using this method an estimate of 11¥6 per cent was obtained
for weaning weight. Hegression of average offspring on sgire
alsc was used to estimate the horitability of weaning weight
in this study. From 85 sires and the average of their
progeny, an estimate of 25%1l per cent was obiained.

In a third paper of this series Hoch and Clark (1.555¢)
obtained an estimate of the influence of maternsl environ-
nent on several traits related to beef productlion. The
procedure used by these workers was o compare caleulated

5 =

wvelues with the theoretical compogition of paternsl half-sib

9

correlations, mabternal half-sib correlations, correlatlions
between off'spring and dam, and correlaticns between ofi-

spring and sire. These comparisons suggest that maternsl



d

envirvonment from conceptlon te birth and from birth to
weaning had & large influence on blrih weight, galn from
birth to weanlng, asd weaning seorey bult there vps very
little influvence on yearling goin ond yearling secore. The
results further suggest a negabive correlotion betucen
mavernal enviromment Trop birth to weaning and the tralts

weening gain and score,., Heritability of wveaning welght,

o
| 2
]
Py
fir}
]

taking maternal environment into account, was .19
workers polnt oubt that for traits thet are influenced by
genetic differonces in mobernal envivonmont 2 clarifiention
of genlc value zffocting the troit is nesded. The tobal

ﬁl)-

genic value affecting the trall is the genic velus for
direct respense in that trailt plus the gonle valve for
waternsl envirornment as it affects the traits. TFolloying
thelr notation, let G; be the calf's genic value for direct

response of the yth

trait and G; bo the calf's genic value
for msternsl environment affecting the i‘h'trait. The

regression of (Gy + Gy) on Py Is

The regression of offspring on don ostimates 5 g§'+

1y qe prOVIded the environmental
+ A o}
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fTaetors wifecting P ol the dan are not correlated with the

environmental factors alffectling her mebernal enviromment.
metimation ol the genetic correlations between tralts, by

the reciprocal cerrelation of one trait in the dam with

T

another in the olfspring, was showun to be complicated vherc

maternal environment has a direct influence. It was shoun

that where maternal environment has a direet influence, the
onditions necessary for the use of the formula given by

1 (15%3) are not met and that velid estinmates of genetic

£

correlations could be obtained only from paternzl hali-sit
analysis.

Rollings and Wagnon (1956) analyzed the 577 vesning
welght records collected from 1936 ﬁbrough,l%hé frow tvo
experimental range herds of simdlar breeding ot the San

-

Joaguin Lxperimental Range. One herd ves fed supplementary
feed during the fall and winter when range wag pubritionally
deficient while the other herd woaz not supplerented. Dats
were stondardized for differential effeelts of pasture, year,
sex, age of call at veanlng, and ago of dom. Heritablliyy
of weaning weight in the supplemented herd by the paternal
half-sidb method was 9 peoy cent and by regression of off-
spring on dem was &% per cent. In the unsupplemented herd,
heritability by the paternal half-sib mothod was Sh per cent
and -1% per cent by regression of offspring on dan. Those

workers were in sgrecment with Hoch and Clark (1%556¢) in the

opinion that the characterletics of the den which exert a
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Enapp ot wle (L942) estimated thet 20 per cent of the
varisnce in wesning welght was due to differences betveen

EX%a & oy o g gon o gy o P % VIV B o £ % b Ter oy 7 T o e b b |
danse. Thls estinate vwas somevhat lover than lator cobie

=)
&

wtes. This was due nost likely bto the fact thet this

estivate was derived fropm a highly select grouy of purebred

Hereford cows. The records analyzed were those of 112 cows
thiat had remained in the herd ot the U, 8. LKange Livestock

Experinment Glation for at least nine yesrs during the period
between 1926 and 1940,

Koger and Knox (19%7) used the records collected betwoen
1935 and 194% at the New Mexico Ztatilon, which provided 509
degrees of freedon bebusen cows, Lo oblain an estimate of
repeatebility of weanlng weight. 0On data that wore
corrected for aze and sex, and snalyzed cn o within year and
age of dam basis, thoy obtained an aversge correlation of

L% between 21l adjacent cslves by the sape cow.

woch (1991) studied the records of 745 calves from 180
cows having tuo or more salves during the period 1938 to
1948 in Line 1 at the U. 8. Range Livesbock Experiment
Station, Miles City, Monbana., Adjustwents vere made for
year, age of dom, and inbreeding of ecalf. Differences
between cows accounted Loy 52 nor cent of the varlance in
the corrected weaning welght of calves.

Botlkin and Whatley (1953) studied the regpeatability of

weaning velghts of 603 calves from 151 cows at Stillwater

'

Oklaboma, and 98 calves produced by 49 cows at Forl Heno,
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somatie assortive mating and no dominance were .60 for

ght of withers, .¢1l for depth at wvithers,

«65 for hoert girth, .81 for width of hips, and 68 for body
length,
Touchberry (1950) derived estimates of reritability and

five body measurements from 107 Holsteln daughter~-den pairs

available in the JTowa State College Herd during the periond
from 1932 to 1945, Measurcments were taken at three years
of age. The davghters were sired by twenty-tuo different
balls. Anslyses vere on an intra-sire basis. The herita-
bility estimates for wither height, chest depth, body
lengih, heart girth, paunch girth, and welight weres,
respectively, «73; .80, .58, .61, .20, and .37. The genstic

eorrelations betueen welght and the Dody messurements were

high positive values ranging from .70 to .8B. Corresponding

phenotypic correlations ranged from .53 to O,
hutte (193%) reported heritability estimates of body
pmeasurenents from the Messina Bxperiment Jtation in Hort
FPransvaal. These data vere collected from 176 crossbred
offspring of 200 cove of unimproved astive breeding and two
average type bulls of each of the Uereford, Shorthora,
Suscex, Abordeen-Angus, and Afrikander breeds. He cbserved
thet width measurenents showed greater seasonal varlabtion
. 2

than height, length, and depth measurements. Dam~oflspring

correlations were used to ostimabe heritebility. Bstimabes



of 76 per cent for height at withers, 20 per cent for depth

of chest, 48 per cent for body length, 62 per cent of width

*

at hooks, and 35 per cent for heart zirth werce cbtained.

e

Interrelotionships of Weight ond Body Veassuvrewments

Most of the svallable data which indicate the relstion-

ship of welight and body wmeasurements were taken from eatile

at maturily or during the post-weaning developuent period.
Black and Enapp (1937) siate that growth of a beef asnimal
tokes place ln two ways--increases in ckeletal structure and
developnent of muscular and fat tissues. Sheletal develop-
ment may be assoclated with increase in flesh, but {lesh
development can be independent of skeletal growth. Such
considerations indicste that the relationships betweeon welight
and body measurements would be dirferent during different
periods of development. Grouwbth curves and silhoueties
presented by Brody (1945} for dairy cattle, rabbits, and man
lend support to this assusption.

Several studies have made use of neasurement dats o
describe changes wihdich norvmally take place during some
particular periocd of growth and development. The studises of
Severson, Gerlough, and Dentley (1917}, Eultz (1927), Hultz
and Wheeler (1927), and Lush (1928) were concerned primorily
with the changes in body weasurcuents of steers during

fatbening. These studies indicated that, during feliening,
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State Fair in 19kl through 1943, They ranged in weizht from
Y,y - N o e 5 Y S, . ) L SR \ k 2 oot 5 B
40 to 1,150 pounds. Data also vers cbiained on height at
round, and body length for 36 of

the Aberdecn~fngus and 30 of the Hereford sieers. In
additicn, hesrt givrth and weights were obtalned on 27
Aberdeen-Aingus heifers and cows of the Cornell University
herd ranging in age from two to twelve years. Interrcla-
tilonships among these measurements were all highly signifi-
¢ant except thet between height of withers and circumferecnce
of round. Correlations betweoen heart girth and weight

the highest observed. These correlations were as follove:
oL Tor Herelford steers, .99 lor Aberdecn-Angus steers, .91
for gll steers, and .93 for hellers and cous.

Studies by Eohli et al. (1951) and Cook et al. (1951)
gave the relationships among various body measurenents and
certeln periormance and carcass characters of 157 Bilking
Shorthorn steers fed In the record of performance project

botween 1932 and 1949 at the Agricultursl Research Cent

@
33

Beltsville, Maryland. These steers were from 125 differont
domsg and 29 different sires. There were slight changes in
Lthe testing procedure over the years; however, 62 of the
steers were fed under uniform procedures, and the twe groups
of data were snalyzed separately. Quite close agreeument
between the two groups of data was oObserved. These steers
ndently with regard to body dimensions,

as shoun by the laek of high correlation betueen them,
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where 98.6 per cent of the total variation in the weights of
cuts was accounted for by use of nine measurements. Lowest
predictability was in connection with short loin and round
where only 87.0 per cent of the variation in cuts could be

associated with variation in measurements.
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dtandardizetion of Data for Hon~Heredibary Pootors

as Aze of colf at weanine tive

e -

A stenderd age of eight wonths, or 240 days, was

selected as being most representative of the weanlng nge

i
since all calwves were weaned on tho resular weigh-dzy during
the month in whick they were elpght months old. The daily
gain of ecch colf was cowmputed from birth to weaning and was
multiplied by the devietion in age from 240 days. This
correction wag added then to the actusl veoning wveight.

3

Correction in this penner assumes linear grouth fros birth

o weoning., Lzomination of dats secumuicted on growih

patberns at Thoe Arkensos station which lInclude these data

supports this assumpiion,

o was mnde to standardize the pessurensnts for

=

L O Cee R
Mo ottom

o

P

differences in age ot wesning because of the lack of
measurenent data at birth. The large percentage of mabture
gize of body measurcmenks attained by weaning tlme vould

suggest less need for correction of the meaosurements for

[5:3

DTS o

ke Influence of gex

The sex influvence was evaluated from the aversage
difference over all years and ages of dan. The average
unadjusted welighis aﬁé measurenents and the correction
factors ppplied ere listed in Table I for Hereford ceives

and in Teble II for Aberdoen-ingus cglvos.



TABLE I

AVERAGE 2L0-DAY WSIGHT AND BODY MEASUREMENTS
OF 255 HEREFORD CALVES ACCORDING TO SEX

T Factor used to
standardize to

Humber | 13k 62 59 female basis

lieasurement Heifers Steers Bulls Steers Bulls
240-Day Weight 403  u42B 510 =25 ~107

Height Withers 36.8 37.6 38.3 - 1.0 - 1.5
Height Hips 39.3 39.8 38.3 - W5 - 1.5
Depth Chest C18.9 19.0 19.7 = 3 - 1.3
Depth Rear Flank  16.1 16,1 16,8 0 -7
Width Shoulders 12.5 12.6 S 13.8 - W3 - 1.3
Width Hips 13.2 13.1 k5 - .1 - lob
Length Body 46 45,0 Y5.86 - Wk - 2.2

- Heart Girth 51,8 | 52.1 59¢7 = o3 - 3.9
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TABLE II

AVERAGE 240-DAY WEIGHT AND BODY MEASUREMENTS OF
212 ABERDEEN-ANGUS CALVES ACCORDING TO SEX

-,;' :;.‘ ;gi ;If_z_'. [

240-Day Weight

Height Withers 372 38.0 37.7 - 8 - o5
Height Hips 39.0 40.1 39.6 - 1.1 - 46
Depth Chest 19.2 19.5 19.7 - &3 - o8
Depth Rear Flank 17.0 16.5 16,9 - 5 - ol
Width Shoulders 12.7 13.2 13.8 - .5 - lel
Width Hips 13.7 1%.3 1%.5 - .6 - 8
Length Body 45.8 L6.1 47.3 - .3 - 1.5

Heart Girth 53+3 534 555 = ol - 242
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1941
1942

1944
19%5
1946
1947
1948
1949
1950
1951
1952
1953

105

97
102
105

97

98

102
100
102

TABLE III
CLIMATOLOGICAL DATA DURING PERIOD OF PRESENT STUDY

35
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TABLE ¥

AVERAGE WEIGHT AND BODY NBASURBMENTS OF 212 AUBRDELRN-ANGUS CALVES
ACCORDING T YEAE OF DIRTH

R S R B T B T AR A A R T

No. Calves 2 12 & 6 3 03 3 3 o 56 38 3y 5]
240-Day ‘ ‘ o . N

elpht 3% R03 384 3%3 bso L37 a8 S2o B 483 YoS W53 396 ko2

rw ¥xH
i;itilerv B‘SIL}' 35.2 3506 3?!6 35-:3'2 3?.7 36.9 39% ug‘%' 3\2.1 330

p%
L
~1
&

-3
L
{‘j‘z
»

3
[ B2
on
»

[

Height - o ,
Hips 39.5 38.0 393

Depth }
Chest 197 1947 1946

tad
“~3
.
b33
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L
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»
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I ol
i
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g
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20.9 2041 2040 1%.0 19,3 18.b
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X
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£
it
G
E ]
PJ

Depth Regr N “
Flank 17.2 18,0 18.2

width -
Shoulders 11.9 12,7 13.0 12.2 1,0 135 12.3 13.7 12.3 12.9 13.€ 124 1.3

O
Width Hips 12.7 12.6 13,5 12.2 13.1 13.0 12,8 1%.9 Ik 15,1 1.9 13,5 12.5
n

[
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Heart
girth 516 52:0 5L 49,0 F3.5 5248 Tl 57.9 5Ha6 5505 55.%  Shab 5047
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The negetive relationshiz between the size of & cov and her

offspring appeared to arise because cows which were born in
the early years when veaning weights were low tended to
produce calves in years when weaning welghts were high.
Alsc, cows born in the years when weanlng welights were high,
1546 through 1951, bended to produce calves in the years
vhen veaning velghis were lowy 1952 and 1953.

The reason for the weaning weight and body measurements
being lover pricr to 194G is not clear. These yeors were

ng World Wer II. Availsble records oo monagernent during
25

this perilod and discussion with personnel who were at the
rkansas Stotion at that time indlcated thet space lizite
tions, short supplies of feod ond forage, snd labor shortasg:
were prevalent and eould have contriibuted Lo the lover
records made in these years. The average welghts and
wmessurcaents shoun in Tables IV and ¥V for the years 1946

5 XS

through 1951, inclusive, appesr to he

ade in years with
approxizmately ncrmal rainfall and temperature records for
the area. Normal feed and forsge vere avallable., The
average welghts and measurements shown in Tables IV and V
for the years of 1952 and 1993 are considerably lower than
those of the 1946 through 1951 period. The rainfell in
these two years was approximately two-thirds that of norpal
and reduced the avallsble forage considerably during the
srazing seasoh. The records mede in 1952 and 1993 also were

A

oY
y different location under z more extensive type of
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3643
3847
1843
1546
13.3
12,8
blpy2

- SLed

358
38,0
1845
15.8
12,2
12,8
a7
920

36.4
38.8
18.7
16,1
12,8
13.1
4347
5046

36.2
304k
18,5
155
12,2
12,6
4347
5le2

3646
391
18.5
159
12,0
12.7
el
505

38,0
397
193
173
13.0
1347
b5 ekt
5249

379 387 373 395 3 W8 k2

37.8
404
19.3
17.1
13
%2
4546
Fhrel

439

377
4043
19.0
164
12,8
13.6
4548
5249

360 o7

3648 3746
3849 3947
18,3 18,7
1640 15.6
11,7 12.%
12,4 13.4%
4349 W5.1
9043 5246
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TABLE VIII

AVERAGE WEIGHT AND BODY MEASUREMENTS OF 255 HEREFORD
CALVES ACCORDING TO GROUPING BY YEAR AND SEASON
USED TO STANDARDIZE RECORDS

No. b < SR |
Measurement

Gpe I Gpe II Gpe III Gpe II Gp. III
240-Day Weight 366 407 482 41 -107
Height Withers 36.2 37.3 38.2 - 1.1 - 2.0
Height Hips 386 39.5 W07 - 9 - 2.1
Depth Chest 18,2 18,9 194 - .7 - l.2
Depth Rear Flank 15.7 16.3 17.2 =~ .6 - 1.5
width Shoulders 11.9 13.0 13.4% =~ 1.1 - 1.5
Width Hips 12,5 13.2 1e§ = 7 - 2.0
Length Body 43,9 M4,8 46,1 - &9 - 2.2

Heart Girth 49,9 52.3 5%.8 - 2.5 - 4,9
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TABLE IX

AVERAGE WEIGHT AND BODY MEASUREMENTS OF 212 ABERDEEN-
ANGUS CALVES ACCORDING TO GROUPING BY YEAR AND

Gpe I Gpe II Gpe III Gpe II Gpe. III
240-Day Weight 392 467 488 ~75 ~96
Height Withers 37.0 37.5 37.6 = .5 - o6
Height Hips 38.8 3%9.1 39.7 - o3 - «9
Depth Chest 18.8 19.% 19.6 - 46 - 8
Depth Rear Flank 16,% 17.% 17.7 =~ 1.0 - 1.3
Width Shoulders 12.2 12,9 13.5 =~ .7 - 1.3
Width Hips 13.0 13.6 14,3 - &b - 1.3
Length Body B3 W7 W0 - X% - 3.9

Heart Girth 51.7 53.% 556 - 1.7 - 3.9
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TARLE X%

EFFECT OF AGE OF DAM O WOIGET AWD DODY MBAST
o A TEAEY P RN TR TR Rl ats v ra
CALVES - CORRECTED FOR SEX,

g " n

HEREFORD

I o ‘ N Average cine Deviation 1rom
Age of Dan 2 3 L 5 &G 7 g 9 10 of ¢alf from calfl size of

_ | mature dam by
Ho. of . 4 . ‘ . 2 YEa . 3 FTe
Galves 67 Wy By oo o2 35 0 31 9 15 fover & yr.) dom  dawm

240-Day | _, o | | | | | .
Height w0 347 375 386 390 399 W26 390 WS 391 71 bkt

Jpature dam

Height

Withers 5.6 35,7 350.2 36,3 36,1 36.9 36,5 35.6 36,7 36k B o7
Helght Eipﬁ 33-1 :}Eul 3@.§ 3940 390 39,0 0L 3‘;’.1‘3‘ 39.2 Z";E“ﬂs‘w 023 ' S
Qﬁyt‘ﬁ Chest R 0‘3 13-1 .}.Gta'i‘ 3.&.&3 13.3 18;6 18-? 1:2;"7 13.% 15‘.5’ i? . 012"
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Width Hips 12,2 1262 1207 1249 1246 13,5 13.0 12,9 13.0 1265 . o7
. ~ i . N Ay 7 3 ol % 5 L4, & LY { SHR ) T .4 L v 3, Y pd =
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CTABLE XX

IPVECT OF AGE OF DAN ON WOIGHE ARD GASUERE
CAIVES - CORRECTED POR gax, “YOAE,

~”3VWUJL£§Z AGUE

Average

o ( , ) | , . ‘ 6176 DOviat ien Trom
Age of Dan 2 3 I 7 & 7 & 9 i0 of colf fran a1¢ @izﬂ nf
Hoe OF . X
calves 26 LA o9 ny .23 86 17 @ 29
240-Day L e . ) ) y .
delght 3420 391 396 399 Wol 385 BO8 W36 3ok 395 57 g
ﬁ Oig_r;l’:’st ) » " . ;-.‘
Withers 35.7 36055 3669 37.7 374G 35,7 37.2 38,3 37.3 373 Lel 3
Height Hips 37.3 38.4% 38,9 39.2 39.4% 38.6 38.6 39.7 39.2 39,0 1.9 .0
Depth Chest 1540 10,0 19,0 19.1 13,9 18,9 10.9 1%9.5 19.0 19,0 L0 s
oepth Reor . N &
Flank 150}”5’ 15.2 l‘éc"?' 1oy 16Q§ lUu? i bF %) l?ul 1{3,&} R e PR a2 "
V§i{1tz‘;‘ 5 > ) o o - 7 # e o
s}&l@l&lﬁ{;‘?s llcl 1&;2 12.{3 l?fi.' 3..2." Ja.:t...ii .L::’".fu}%‘ 3—2.0 iioz) ‘Lﬁiol’f‘ 1;3 -E
Hidth 12,1 1342 1343 12,9 1.5 1342 1343 1h.E 13.2 0 13.5 Lok o3
By TR 3.5 " lesr g i, L 3 g o L fin sl ey Lo & i . 3
iﬂﬂg th Bod 7 "?ﬁ - 9 h“;} (&) éd"f) ® }‘f’:}’ . 3’3 qu oh e f) 2‘4‘@ wkd % ) l!",! . }‘?"} * 6 1 Q? : &
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The reason Jor this is not clesr. IV moy hove beon dus %o

the soall susber of older daws evailsble Tor shudy. 4

o

Imilar phenomensn, hovever, vas observed in the dska of

T3

Botkin and whatley (1953) fron the Ollaboma Station uhich

was explained on the basgis of & 1@**“ rigorous covironioen

z‘-—a

and more sople forage sepply In arcos of higher reinfell, os
eovpared with the more crid ranpe sress of the wost vhers
most of the corvection factors for age of don have been
computed.

The corprection fecbors for ape of dap used in this

study were caloulsted by svereging all ryogords from cous

id

four years ond older to obbtain vwhot was congidered s mobure
racord. The difference belween o oabure record and tho twow
yoar-old and thres-yoor-old records was used to standardize
these groups to a mature cguivelent. Correecbion factors
vere caleulsted for each of the broods for wveoight and ocach
of the body messurements. The appropriate corrections, os
indicated in Tables X and XI, were sdded to the record of

soch salf firma;;u& by two and thres-yoor-old dams.

T, S T T SR N aeramey s A Aeed Senede e
The method of least zguarcs for estimatios in g pested

RGP . . SN U, SRR B 2 T . AR 0 RV g TS 0 % o ]
classification with disppovortinnste sub-class mumbers has

2N

bean describod by Kompthorne (19%2) and by Lndorson and

78 8. & Py & oy Yoo Jon g m 2 SR T wer ¢ PR ="} T
Baneroft (1952). This pasttern of analysis was followed I

P
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e
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@33y = is the effect sssuelated with 5™ calr of the

3 * dan and sired by the it‘ sire., It ineciuvdes
those envircrmental effects whiech would couse
full-gibs to differ from one ancther. Also,

¥

this tern would isclude those genetic differ-

ich exist between full~2ibs because of

04
;53
3
i
w‘

Hendellan segregetion.
It was sssumed that v is g Cﬁﬂub&ﬂtg that sy iﬂ, and @95
are uncorrelated random variables with meanc zoro and
variaHGQS(j—ﬁ ,ijﬁ s and U*L s respectively.

Verlance components for sires, dams, and error vere
obtoined by equating expected mean squares Lo eopputed mean
squares and substituting in the known slements of the
eguation. 4An oatline of the analysls of variance iz showm

'y

o tae

by

in Paple XIT. ILush (19%8) has outlined procedures

use of these verionce compoancnis to provide estlmetes of

heritability. One of the egtinmstes can be obitained frow the

The reliability of this estimale depends upon the number of
degrees of freedon avallable for the cstimation of (8), the
contribution made to the sgire component of varisnce by
gpistasis, the validity of the assupption c@ﬁceralm; randon
mating, and the magnitude of eavironmental correlations

between paternal half-sibs.
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o eompured with the enefficients of varintion of the

vit GO Luletd POY QOGN

£

P P T B - X' SN S .. & & AR
wrdson of the oo elrilcionts of varistion ’“7"“"’1,‘: i3

measurencnts sﬁmﬁi&é indicated that in both grouse of catile

P35 . . T Ly g - ; A F ] . T W BN
width measurenents vers more variable. Thls wae thouzbit to

be g reflection of the effect of differconces in conditicn

o R

or fatness.

siler comporison of the eeelficlents of varistion
for depth of reor flank with those for the other neasure-
ents vouwld supgest a slipghtly grester variation in this

s

neasurenent. Such an observaticn would bhe consiste

f‘ﬁ'
-::%,
L
i.!ﬁ
Fagp
bt

the effect of differences due to fili.

Heritablllty of Traits

.,

The magnitude of the herltabllity estimate wouvdd
influence the deelision of the cattle breeder iz the choice
of g selectlopn and breeding slan. I0 would determine the
relative amount of omphasis to be glven o & trait in the

selection of replacemants snd in estinebting the breeding
value of individusl animels. In order to estimate the rats
of progress in g selectlon program, it would be necessary to
knowr the approximote heritebilily of the frailits ln question.

)

Under the usual plans of beel cattle production, the initlal

selectlon of fepelos is made at veaning time. Hany btines
most of the conscious selection practiced is made at thds

o e e
bime.
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a0

In Yeable XIV are presentved the h@rita&iliﬁy eastivptes
celeulated frowm the varisuce componenis obtained by analysis
of varisnce. Two different esbimates vere obbained fvorn
cach set of dsta. The patermal half-sib estinmates vere

derlved using the sire components of verisnee, and the

&2
G

moternal hiolf-sib estinmotes were dorived using the
componeais of variance os oublised in Table XII. Under the
eonditions of rendon oating the sire couponoent would be
oxpected to contaln cne-fourth of the variance due Lo

LA

sdditive effects of genes, none of the olfects of dominence

deviations, and a spall but undebernined amount of the
epistabic verionce, According to Hoch (1955a), the expecta-
tion that sn cplstatic effect requiring n non-allelie genes
would be corvelated betugen half-sibs would be é%)ﬂw The
dan component of variance would be expected to be influenced
in the same way s the sive copmponent by the additive
effects of genes, dominance, and opistasis, bubt in 2ddition
it vould contaln an cutra cenbrlimtion due to the maternel

2

influence of the dan.

y v or = e o g U< B, g orgn o g T g A Tty &y T it B T
& comperison of the volues shoun in Sgble XIV, which

were deyived by the lvwe methods for each sob of data, is
th that which pight be expected

+ vhe materssl boll-sib estimates would

wight Be expected tho
be larger values becguse of the exlra varisnece due to tha

sateraal inflvence which thoy vwould contain.
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Such was the case in only about cae~holf of the comperisons.

-

Fad

In fact, a number of the dez components for the weasurements

were negative values and, as a consequence, yilelded high

negative heritability ecstlimates by the meternal helf-sib
method. Such estimstes would appesr to be erronepus and to

have no biolegicsl meaning. Because 2ll the meternal helfe
s5ib estimates were calculated in the same manner, the
validity of the other estimates obtained by the meternel

hali-slb method would appear Lo be guestionuble. (ae

explanation as to how such negative down components night
arise would e that the similarity of calves due to their
having the same dan was removed or obseured in the correc-
tion of the data. In the present study the dats on cach
coli are completely confounded with sex, year, season, and
age of daom effects. Corrections for these effects thet
failed to remove differences complotely among calves due to
ther would tend to lacreszse within dom veriabillty and thus
ohscure the similarity of calves because they wvere by the

>

same dap, The manner in vhileh ccrrhc“iums for seXx, joar,
gseason, and age of deic were derived in the present study
would appear to provide cnly approximate values. HeCormich

and Southwell (1L9%5%) noted & situsticn in vhich sire

diiferences wore removed Py aze of < orrections.

The heritability cctinates derived Irom these delz by
g o T D g, T o,y gy gy Ty BT s - R S
the paternsl half-cib method sppear to be pore relisble than

those derived by the maternol nglif-sib method even thoush
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he? oy Fug T ’ T LY A 2 ; ey .
the present study, hovever, mony of the zires were uesd
O T TR e oyt 8 SN S . 1 A PNPIY A, g ey s .
in wmore than ono year and thus would contelin any varianeo

v - g En e er aryrres st o by ; o
céue bo cifects of years vhich was not repoved in theo correg-

ticn of the data., Sstisates obbained by thls methed should

contaln, ip additlon to the addltive genetic variance, s

contribution dus to the matoernal influence and slightly more

of the epistatic variance then the paternzl holf-sib
gstimate. 4 problem of lnterpretastion ariscs, hovever, in
the evaluation of the seloction practiced smong parents.

a

This is particularly true in the present study where the

selectlion practiced was largely oa factors other thap wa&;a*
and body peasurencnts. The extent Lo which other things

vere congidered in the sclections and the fﬁal correiation
Letyeen those other things and the actual breeding value of
the paronts would deternine the blos from this souwrce. The

reports of Hoch and Clark (199%) and Bollins and Vagnon

&
i

o

ot

(1956} indicamite that the gonetic correlation betueon

maternd

N,

environment and weaning golin and weanlng seoro are

sufficiently large to seriocusily bilas heritablility estimates

s

copputed by Lhis method.

The tve heritability volues shoun in Teble XV were
obtained, first, by repeating the den's peasurenent with
coch of her offspring, and, second, by averaging the oii-
spring of each dem withdn easch sire group. Thus the
¢ifference between the tuwo estimotes might be due to The

o

accuraey with vhich the offspring's messurement indicates
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TABLE XVI

CORRELATIONS BETWEEN WEIGHT AND BODY MEASUREMENTS
OF HEREFORD CALVES AT WEANING TIME

%
Measurement a/f = gg a/f = 99
Withers Height 19 %1
Hip Height 50 «30
Chest Depth «76 «00
Flank Depth ol .00
Shoulder Width 91 M3
Hip width .58 35
Body Length «67 27

Heart Girth 71 13
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from maternal effect would explain, no doubt, a considerable
amount of the discrepancy in genetic correlations from data
of such widely divergent sources.
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The relationship between weight and the body measure-
ments within sire groups was shown by phenotypic and genetic
correlations, although the formula used for the calculation
of the genetic correlations may not have been strictly valid
because of the maternal influence. The phenotypic and
genetic correlations computed from the Hereford data were,
respectively, for wither height, .49 and .12; for hip
height, .50 and .30; for chest depth, .76 and .00; for flank
depth, .44 and .00; for shoulder width, .91 and 433 for hip
width, .58 and .35; for body length, .67 and .27; and for
heart girth, .71 and .13.
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