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INTRODUCTION

Cattlemen recently have recognized a need for a more
accurate appraisal of the mothering ability of the brood
cow, Interest has been aroused in production testing
programs which are based upon the keeping of an orderly set
of records on each cow, Welights and grades of the calves at
weaning are the usual criteria upon which these production
tests are based, The records usually are adjusted for the
ma jor temporary sources of variatlion by the use of correc-
tion factors which may or may not have been calculated from
the data to which they are applied. The purpose of these
corrections is to make selection for mothering ability more
effective by standardizing the records of all cows to a
common basis for appraisal,

Many traits of economic importance in beef cattle vary
in expression from time to time in the same animal due
largely to temporary envirommental influences, To improve
the efficiency of phenotypic selection, the wvariation due to
these envirommental peculiarities must be reduced. Correc-—
tion factors are applied to production records in an effort
to standardize them to what they might have been 1f the
environmental conditions had been constant., It is
impossible to measure accurately all of the effects of

environment. The use of standard correction factors 1s not



likely to make the most appropriate adjustment for each
individual record, However, their proper use does remove
the average effects of certain extraneous factors which
permits more effective selection, It is usually worthwhile
to correct for the most important sources of variation only.

Production in range beef cattle may be measured by
weight, rate of gain, appraised value, conformation score,
or any combination of these traits, At a given age, these
traits occur only once in the 1life of an individual, It is
only when these traits are considered as characteristics of
the sire or dam that repeated records become available for
predicting the producing ability of the parents.

An estimate of the producing ability of the beef cow
must be obtalned early in her productive life if it is to be
of much value in selection. The repeatability of the trait
which predicts production must be known in order to
determine the number of records necessary to make selection
effective early in the cow's life and to compare more
accurately cows with varying numbers of records.

Repeatability 1s the correlation between recurrent
expressions of a tralt by the same animal. Therefore, the
repeatability of a cow's producing ability as measured by
the adjusted weights of her calves is obtained by correlat-
ing the weights of two or more offspring produced by that
cow, It is that fraction of the total variance among
corrected records which 1s due to permanent differences

between cows. This fraction includes that portion of the



variance due to additive genetic effects and the effects of
dominance and epistasis, In addition, it includes any
environmental influences which permanently affect the
performance of an individual, Since some of this permanent
difference between cows may be non~transmissible, repeata=-
bility should be as great as, and usually greater, than
heritability. The repeatabllity of a tralt may be deter-
mined by three methods: (1) the correlation of different
records by the same cow, (2) the regression of subsequent
records on earlier records by the same cow, and (3) the
intraclass correlation obtained from an analysis of
variance.

The present study was undertaken to dqtermine the value
of using the weights of calves at 112 days of age to
estimate the productive ability of range beef cows and to
predict 210-day weaning weights of the same calves. An
attempt also was made to evaluate some of the factors which
cause varlations In calf weights at both 112 days and 210
days of age., Correction terms obtained for these effects at
the two ages were compared to determine the relative
importance of the influence of these varilables on weights at
the two ages.

The weaning age of 210 days was selected for study
since this is the average age at which a large portion of
the calves are weaned in Oklshoma and adjoining areas,

There were several reasons for studying the welghts of

calves at 112 days of age as a possible selection eriterion



for cow productivity. It was thought that the milking
ebility of the cow might be more apparent at the earlier age
of her calf than at weaning time. Calves which suckle thelr
dams on pasture eat more grass as they become older, Calves
produced by cows which are poor milkers might be expected to
eat more grass than those calves produced by good milking
cows, Some breeders creep feed their calves during the
suckling period, There is some evidence that the effects of
creep feeding do not manifest themselves in the weights of
the calves until they are over four months of age, Welghts
at 112 days of age might be of more value than later weights
to estimate the mothering ability of the cows 1if the prac-
tice of creep feeding is followed.

Bull calves often are castrated between two and four
months of age. It was thought that the use of weights at
112 days of age might minimize the differences in weights
between those male calves kept for bulls and those which
were castrated, It 1s known that differences in climatic
conditions which occur within the same year in Oklahoma
influence differently the welghts of calves dropped at
various times in the calving season., It was thought that
weights obtained at the earlier age might be influenced less
by seasonal variations than weights at 210 days of age.

It may be to the advantage of the breeder to handle the
cows which he intends to cull from the herd differently fronm
those which are to be retained. If he could estimate
reliably the producing ability of his cows earlier in the



summer, the poor producing cows and thelr calves could be
sorted from the herd and placed on supplemental pasture to
get them in a more favorable condition for market, It
sometimes becomes necessary to reduce the size of the
breeding herd during the summer, Occasionally, conditions
arise which produce a favorable market for slaughter cows
during the summer., An earlier evaluation of productivity
would allow the breeder to cull poor producers from the herd
to his economic advantage., Purebred breeders, who prefer
not to register calves by cows which will be culled from the
herd, and breeders who produce calves to be marketed as
veal, could make practical use of an earlier weight in
appraising cow productivity.

It was recognized that, if variation in persistency of
lactation is great among beef cows, the weights of calves at
112 days of age might not be a reliable indication of
weaning weight,

In the current study, repeatability estimates of 112~
dey and 210-day weights were calculated by two methods to
determine their relative value in selecting cows on the
basis of their first calves' weights at the two ages.
Correlation coefficients were obtained between l1ll2-day and
210=-day weights to indicate the degree of accuracy in
predicting weaning weights from the earlier weights,



REVIEW OF LITERATURE

Rollins and Guilbert (1954) reported the results of a
study on repeatability of growth rate of beef calves from
birth to four months of age and of 240-day welghts of the
same calves, The study included weights of 159 purebred
Hereford calves from 57 dams obtained during the period from
194y through 1951, The herd was maintained as a single unit
on irrigated pasture during the summer and was wintered on a
meadow range, Spring-dropped calves received no supplement
during the suckling period, while calves suckling during the
winter were creep-fed alfalfa hay. Birth weights were not
obtained and the first weight was taken at an age somewhere
between birth and one month of age for all calves., Succes=
sive monthly weights were taken throughout the suckling
perlod, and the calves were weaned as a group as near 240
days of age as possible,

Ad justments for differences in ages of calves, sex,
year and season of birth, and ages of dam reduced the vari-
ance of individual rates of gain 31 per cent and the
variance of individual weaning weights 55 per cent. The
intraclass correlation of corrected records by the same cow,
as obtained by the ratio of varlances method, provided the
repeatabllity estimate of .34 for rate of growth from birth
to four months of age and the estimate of .48 for 240-day
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weaning weight, Upper and lower limits of the 95 per cent
confidence interval for the two traits were .51 and .16, and
.63 and .30, respectively. The correlation between the two
adjusted traits was .91 when calculated on a between~dams
baslis. The magnitude of this correlation and the size of
the repeatabllity estimates for the two tralts suggested
that the maternal influence of the dam was expressed
throughout the entire suckling period,

The data from 25 cows with three or more records
provided a correlation of .48 between growth from birth to
four months of a cow's first calf and the average 24j0-day
weight of her second and third calves. According to this
estimate, 23 per cent of the variance of the average weaning
welght of a cow's second and third calves was explained by
the rate of growth from birth to four months of the first
calf. On the basis of four months' gain of their first
calves, the five cows with the lowest records were con-
sldered as culled, and the remaining twenty cows were
considered as selected for herd replacements., The selected
cows'! second and third calves averaged 23 pounds heavier at
21,0 days of age than those of the "culled" cows. The
authors concluded that some culling of first calf helfers on
the basis of their calves' weights early in the suckling
period would be effective.

Krasnov and Pak (1939) reported a correlation of .50
between birth weight and welght at four months of age. The



correlations between birth weight and adult weight were .56
for males and ,41 for females,

Knapp et al, (1942) reported that their study on the
effects of various factors on birth weights and weaning
weights indicated that sex of the calf, sire, and age of dam
had significant effects on both traits. The data analyzed
included records on 770 calves produced by 112 cows,
Analysis of the data indicated that about 19 per cent of the
variance in birth weights was accounted for by differences
in cows, while 20 per cent of the variance in weaning
weights was due to cow influences. The study included a
select population of cows, all of which were capable of
producing large calves, The authors concluded that more
than 20 per cent of the variance in calf weights in a
random=-selected population could be attributed to differ-
ences between cows,

Koger and Knox (1947) reported the results of a study
of the repeatability of yearly production in range beef
cows, The records included weaning data on about 900 calves
dropped during the period 1935 to 1945, including only those
from cows that produced their first calf at three years of
age and yearly thereafter as long as their calf records were
included, The study included 77 cows with five-ysar-
records, 96 with four-year-records, 121 with three-year-
records, and 142 with two-year-records, Comparisons were
made within groups of cows that came into production in the

same year. The relatively constant environment of each



group might tend to give higher estimates than would be
expected under different conditions,

Weights were adjusted to a standard age of 205 days,
and corrections were made for the effects of sex of calf,
age of dam, and years, Correlation and regression coeffi-
cients for various combinations of weaning weights and
grades of calves were determined for adjacent records by the
same cow, All correlation coefficients were highly signifi-
cant, The average correlation between the weaning weights
of all adjacent calves was .49, The correlation between
weaning weights of first calves and second calves was ,66,
When the weight of the first calf was compared with the
averages of various combinations of subsequent weights,
correlations varied from .51 to ,53. The averages of the
first two calf weights compared with various combinations of
subsequent weights provided correlations varying from .54 to
.59. The inclusion of the second record did not increase
materially the correlations, Cow differences accounted for
51 per cent of the variance in calf weights, based on cows
with five records,

The average score of three judges determined the grades
of the calves, The correlation between grades of the first
and second calves by the same cow was .24. The iInclusion of
the second record with the first materially increased the
correlation with subsequent records, Analysis of varlance
indicated that differences in cows accounted for about 33

per cent of the variance in calf grades. It was concluded
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that differences in maternal abllity were expressed more
freely in weaning weight than in grade, since all cows
seemingly gave sufficient milk for the calf to reach the
grade allowed by its conformation,

Gregory and coworkers (1950) described a similar study
in vwhich repeatabllity estimates were obtained for birth
weight, weaning weight, and gain from birth to weaning, The
data were obtained from two sources and were treated
separately in all analyses because of differing environmental
conditions, Some of the cows calved first as two-year-olds,
and the remainder calved first at three years of age. The
ages of the dams and years of calving were completely
confounded. The data were analyzed on an intra=-year, intra-
lot basls, and sex correction was necessary only for birth
welght. Sire differences were not significant either for
gains to weaning or for weaning weights, as determined by a
few progeny in each sire group, Birth and weaning weights
were collected at the North Platte Station, Nebraska, in
1936 for 33 calves, Birth weights for 24,8 calves and
weaning weights for 237 calves were obtained from 194l
through 1947 at that station. These calves were dropped in
March and April and were weaned near 200 days of age.
Seventy-four birth weights and sixty=-nine weaning welghts
were obtained from the Valentine Station during 1935 and
1936, These calves were dropped in May and June and were

weaned near 150 days of age.
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Correlations between first and second records made by
the same cow were higher than those for any other combina-
tion of records in all three traits studied. Correlation
coefficients for various combinations ranged from -,12 to
.2l for birth weight, from .35 to .50 for weaning weight,
and from .38 to ,57 for gain from birth to weaning. The
correlations between birth welight and weaning weight were
«27 at North Platte and .60 at Valentine, The correlations
between birth weight and gain to weaning were ,07 and .4l at
North Platte and Valentine, respectively. Correlation and
regression coefficients for various cow-calf weight relation-
ships were presented, Heritability estimates as obtained by
paternal half-sib correlations were .45 and 1,00 for birth
weight, ,00 and .45 for gain from birth to weaning, and .26
and .52 for weaning weight, from the North Platte and
Valentine data, respectively.

Koch (1951) analyzed weaning weight data obtained from
TL4LE calves produced by 180 cows. The calves were dropped in
April and May and were weaned in October., Welghts were
adjusted for differences in ages of calves, sex, year, age
of dam, inbreeding of calves, and inbreeding of cows., The
repeatabllity estimate of weaning welight, determined by
means of a ratio of variances, was .52, with upper and lower
limits at the 95 per cent level of confidence of .60 and .ul,
respectively. The average uncorrected weight of all calves
was 393 pounds. The standard deviation of adjusted weights
was 27 pounds. The average age at weaning was 176 days.
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The average inbreeding of all cows was 5.9 per eent, while
thet for all calves was 12.L per cent. The regression of
call welight on inbreeding of the dam was -2.5l pourds for
each 1 per cent of inbresding, while the regression of
weight on the calf's owm imbresding was - 118 of a pound for
each 1 per cent of inbreeding.

Botkin and Whatley (1953) reported the results of a
study of reopeatability of production in range beef cows,
The data included birth weights and weaning weights of
calves produeeé in herds at btwo locationsg, DBirth weights
were available for 620 calves and weaning welghts for 603
calves pro@ueeé by 151 cows at the Stillwater Station from
194l through 1§51. Birth weights and weaning weights were
available for 98 calves produced by L9 cows at the Fort Reno
Station during 1950 and 1951, The cows in the Stillwatoer
herd calved first at three years of age, while the group at
Fort Reno calved first as two-year-olds, The calves were
dropped 1argely in Pebruary, Harch, snd April, with a few
coming in Jammary and May., The calves were weaned as a
group in October each ysar. The calves werse with thelr dawms
on range throughout the suckling poriod without access to a
erecp, with the oxcsption of one group of 26 calves whieh
wWas creep-feﬂ during the summer of 1951,

Birth weights were corrscted for the effects of sex of
the e=2lf, age of dam, and year. Weaning welghts were
adjusted to a standard age of 210 days by use of the age

intorcept method, and corrections were wmade for sex of call,
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age of damw, and year. Repeatabilities of birth weight,
weaning weight, and gain from birth to weaning were deter-
mined by two methods: (1) the intraclass correlation
between calves by the same cow and (2) the regression of
subsequent records on earlier records by the same cow. The
repeatability estimate for weaning weight, calculated as the
ratio of variance between cows to the total variance, was
43, with upper and lower limits at the 95 per cent confi-
dence level of .55 and .29, respectively. The estimate
obtained from the regression of second records on first
records was .51, while the regression of all subsequent
records on the first gave an estimate of ,49. The repeata-
bility estimates of birth weight were .18, based on the
intraclass correlation of records by the same cow, and .1k
as determined by the regression of all subsequent records on
the first. The estimate obtained for the porticn of the
variance due to permanent differences between cows for galn
from birth to weaning was .38 by both methods. The authors
concluded that the wvery low producers could be culled on the
basis of their first calves! weaning weights with little
danger of culling the average or above average cows and that
birth weight was not nearly as useful as weaning weight in
measuring cow productivity.

Eoch and Clark (195%a) reported estimates of heritabil-
ity and repeatability and genetic and envircnmental
relationships for several traits of economic lmportance in

beef cattle. The data were collected from the registered
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and grade Hereford herds at the U. 3. Hange Livestock
Experluent Statlon, Hiles City, Montana, duri@gvthe period
1926 through 1951 and included records from 11,553 calves by
137 different aires, Weaning weights were standardized to
182 days of age. Adjustmonts were made for the eoffscts of
sex, age of dam, year, line of breeding, inbreeding among
lines, and sire, Hepsabtability cstimates, as determined by
maternal half-gsib correlations from the pooled data of all
lines, were as follows: .26 for birth weight; .3L for
woaning welght; .34 for gain from birth to weaning; and .20
for fall yearling weight. Heritability estimates wers
computed from paternal half-sib analyses., The egtimates
cbtalned for birth weight, weaning welight, gain from birth
to weaning, and yearling welght were .35, .2li, .21, and .47,
respectlively. The genetic correlation between birth weight
and gain from birth to weaning was .46, indicating that many
of the same genes affected prenatal and postnatal growth to
weaning. The genetic correlation between yearling gain and
gain froum birth to weaning was -.05, indicating almost
complete genetic independence of gain for the two perlods.
Rollins and Wagnon {(1956) analyzed weaning weights of
577 ealves to estimate repeatabllity and heritability of
weaning welght in herds subjected to diverse envirommental
conditions. One herd of grade cows recelved gupplemental
feed durlng the late summer, fall, and winter, while the
other herd received no supplemental feed. The two herds

werae maintained under conditions otherwlse similar.



Repeatebllity ostimates were .51 and .3l 1n the herds
subjected to high and low nmutritlonal regimes, respectively.
Heritability estimates, as determined by paternal half-sib
correlatiens, were ,09 for weaning welght of the calves in
the herd on the high level of nutrition and .5L for calves
produced In the herd that recelved no supplemental fsed,
The 95 per cent confidence intervals determined for both
repeatabllity and heritabillity estimates covered the twe
estimates for both traits. The authors concluded that the
two levels of nutrition had no significant effect on esti-
mates of repeatability and heritability.

Enapp and Nerdskog (1946) reported heritability esti-
mates for birth weight and weaning weight as determined by
two methods. Data analyzed were welght records from 177
steer calves by 23 sires, Dstimates obtained from paternal
half-glb correlations were .23 for birth weight and .12 for
weaning weight, while those obtained from the regression of
offspring on sire were .34 for birth weight and ,30 for
weaning weight.

Knapp and Clark (1950) reported heritabllity estimates
of weight at several ages from an intra-year, intra-stetion
analysis, based on paternal half-sib correlations, From the
progeny of 110 Heref@wd sires, the estimste obiained for
birth weight was .53, while that for weaning weight was ,28.
The estimates obtained for growth after weaning were of a
groater magnitude, the highest being .86 for final feedlet

wolght at 15 months of agse, DBy the similar analysils of
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comparable data, Shelby et al, (1955), reported heritability
gstimates of ,72 for birth weight and ,23 for weaning
weight,.

Koch and Clark (1955b) reported heritabllity estimates
for several traits in beef cattle, as determined by the
regression of offspring on dam and the regression of progeny
average on sire, From the analysils of records on L,23L
calves from 1,231 dams, estimates for birth weight were Lk
and .35, and for weaning weight, .11l and .25, as determined
by the offspring-dam regression and the progeny~sire
regression, respectively. Koch and Clark (1955¢) reported
the results of a study aimed at evaluating the maternal
influence of cows in the phenotypiec expression of traits in
their calves other than that from genes transmitted to the
calves by their dams, Heritability estimates for various
traits were determined wilth mabternal enviromment baken into
account, Estimates obtained for birth weight, weaning
weight, and gain to weaning were .42, .19, and .12, respec-
tively.

Several workers have estimated the permanent difference
between dalry cows in milk and butterfat production. Others
have studled the importance and nature of persistency of
lactation in dairy cattle,

Lush and Arnold (1937) compared lifetime averages of
676 dasughters and their dams to obtain an estimate of the
sctual variation between records that could be attributed to

permanent differences betwsen cows and to ascertain what
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shere of these permanent differences were transmissible.
Cows mated to the same sire wors divided into high and low
lines on the basls of their fat production in the first
lactation tested. The regression of later records toward
the herd average measured the extent to which differences in
the first records were due to temporary environmental
influencses, The differences between the averags records of
the daughters of the two groups of cows, when doubled and
divided by the average d&ifference between the first records
of their dams, measured the degree to which variations in
single records were inherited and the awmount of gain which
could be obtained in the first generation of selection. The
estimate obtalned for repeatabllity of milk production was
0.43, and that for the inherlted portion of the variation
was 0,20, This left 15 per cent of the variation due %o
permanent, but non-transmissible, differenceg between cows,
Dickerson (1940) analyzed the date of 1,57l lactations
from 274 Holstein cows to determine what adjustments for
envirommental influences were advisable when comparing cows
in their butterfat producing ability. The average within-
herd correlation between records by the same cow was the
criterion used in esvaluating these adjustments and in
comparing five kinds of adjusted records. Repeatability
estimates were obtained on the unadjusted production records
at 240 days, 305 days, 365 days, and total lactation. These
estimates ranged from 0.23 for 2,h0~day records to 0,26 for

total lactatlion., Adjusting the records for ags of the cow
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significantly raised the repeatability estimates of 811 five
kinds of records, the increase being greater for 2l0-day and
305-day records than for longer lactation records. Similar-
1y, correcticn for calving interval to a 365-day basis
significantly increased the repeatability estimate by
reducing the variation among records by the same cow and
incereasing the variation between cow means,

Berry (1945) analyzed data obtained from H.I.R.
Yearbooks to obtain gross and intra-herd corrslations on
butterfat production betwesen different records by the same
cow and between parent and offspring. Correlations of
varlous combinations of records were determined by the use
of path coefficlents. The analyses of records of L5l
Holstein cows gave gross repeatabilities_for4butterfat_
production of 0,41 for six-record-cows and 0.38 for seven-
record=-cows. The correlations cbtained between single
records and various combinations of records by the same cow
were in close agreement with the expected values., The major
increase in the reliability of estimating later production
from early records came from the addition of the second
record to the first, Inclusion of records beyond the third
contributed little additional information.

Madden et al., (1955) studied the effectiveness of using
partial records in selection for increased milk and fat
production, The data consisted of 599 production records by
253 Holstein cows compiled from 1940 through 1952. Herita-

bility estimates were obtained for monthly and cumulative
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mill and butterfat production by the intra-sire regression
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£ daughter's production on dam's production. Heritabi
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1
estimates for single month milk and fat production and for

@

3

curulative month milk and fat production were .15, .09, .25,

[;

and .19, respectively. Repeatability estimates for the zane
tralts, in that order, es determined by intraclass correla-
tions were .41, .32, .57, and .51, respectively. Both
repeatability and heritability estimetes decreased for later
single months, The authors concluvded that thils was an
indication of increased effects of temporary environmental
influences on production in the latter stage of lactation
which suggested that persistency of lactation was determined
primarily by extraneous environmental sources rather than by
inherent qualities of the cow.

Ludwick and others (1943) studied the gehetic aspects
of persistency of lactation in several breeds of dairy

2

cattle. The first lactation was mere persisten

4

than later

¢t

.

han older cows.

C-:-

ones, and younger cows were nore persisten

i
i

Persistency values for the second and all subsequent lacta-
tions were about 10 per cent less than each preceding one.
The three most lmportant sources of variatlon in persistency
were age of the cow, frequency of milking, and length of the
calving interval. The authors postulated that a major
portion of the variation in persistency is probably the
result of the "inheritance of factors or genes vhich govern
the development and rate of function of wvarious endocrine

glands, the interaction and interdependence cof such glands,



20

or ths inheriteﬂ or acquired ability)of.variaus tissues to
respond tg various glandular secretians, The mode of
inheritance is undoubtedly complex,”

Mahadevan (1951) studied persistency of lactation from
5,000 lactation records of Ayrshire cattle in Scotland,
Numerical expressions of persistency were obtained by the

use of the formula

persistency ==a§%§m,
in which A represented the milk yleld during the first 180
days and B was the initlial milk yield during the Lirst ten
weeks of lactation. The data were corrected for the
variencse due to age of dam, first calvers having s higher
pergistency than older cows. The repeatability estimate for
persistency, based on the intra-cow correlation within herds,
was 2. The ostimates obtained for heritabllity indiecated
that only about 10 to 15 per cent of the total variance was
éttributable to additive genetic differences in persistency.
The authors concluded that the improvement of management
practlces would be the most advisable method of making
immediate Improvement in persistency of lactatlon.

Sidwell and Grandstaff (1949) =nalyzed the weaning
weights of 1,506 lambs from L1l Navajo owes, Six environ-
nental factors were found to have significant effects on
weaning weights. Analysis of variance of weights adjusted

for the effects of year of birth, age of ewes, brecding of
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gire, type of birth, sex, and age of the lamb allowed the
computation of the repeabtabllity estimate of .22 for weaning
weight,

Hazel and Terrill (1945) estimated the heritability of
weaning weight in range HRamboulllet lambs. The average of
four estimates obtailned by paternal half-gib correlations
was ,27, while the average of the four estimates obtained
by the intra-sire regression of offspring on dam was .3l.

In a later report, Hazel and Terrill (1946) ostimsted the
heritablliity of weaning welght from data gathered from three
filocks of Columbis, Corriedale, and Targhee owes, Estimates
obtained by means of paternal half-sib correlations and
offspring-dam regressions gave estimates ranging from -~.01
to .45. The average estimate for all three broeds combined
was .17 | 7 . _

Helson and Venkatachalam (1949) reported heritsbility
estimates for birth weight and weaning weight of lambs from
welght records of five breeds gathered during 1945 through
1948, Significant portions of the variation in these
welights were due to differences in sex, single or multiple
birth, and age of dam. On the average, female lambs weighed
5 per cent less than males at birth and 6 per cent less at
weanlng, Lambs from mature swes were 10 per cent heavier
than those from two-year-olds at birth and © per cent
heavier at weaning. Single lambs were 22 per cent heavier

than twing at birth and 17 per cent heavier at weaning,



Weights were adjusted for cach of these effects before
horitabllity estimates were calculated, Estimates were
obtained for each broesd separately and were then combined by
welghting each estimate by the reciprocal of its squared
standard error, Welghted averages of the heriltability
estimates obtained by two metheds were .61 for birth weight
and ,33 for weanlng weight.

The results of several studies of repeatability and
heritability of weights at different ages in swine have been
reported, Bywaters (1937) analyzed the variance in 60-day
weaning weights of 1,633 Poland~China pigs in 271 litbters to
determine the relative importance of heredity and environ-
ment In causing weight varlations, The hevedity of the pig
accounted for 18 per cent of the total variation, while only
i per cent was due to the additive genétic effect. Inviron-
ment common to litter mates made up L0 per cent of the total
veriance, leaving L2 per cent attributable to envirorment
not common bto litter mates., Sixtsen per eent of the total
variance was accounted for by age of dam and season of
farrowing, while that portion attributable to permanent
differences betuwesen dams was eatimated to be 10 per cent.

Lush and Molln (1942) reported the results of an exten-
sive study in which repeatability estimates were obtained |
for the nurbsr of pigs farrowed, the nmuber of plgs weaned,
and the weaning weight of the litter, The data were
collected from experiment statlons and college herds of

elght states and in herds malntained by the United States
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Bursau of Anlmal Industry. Three estimates of‘repeatability
were obtained for each tralt and were as‘follows: 15, .13,
and .17 for numb@r faerWGé; 16, .13, and_.l? for mumber
weaned; and .13, .12, and .18 for weaning weight of the
litter.

Whatley (19L2) analyzed the weight data of 1,394
Poland=-China pigs in 267 litters to determine the influence
of heredity and envirbnment on 180-day weights., The simple
correlation between 60-day weight and 180~-day weight was
+55. The gsex difference in 180-day weight was significant
with gilts welighing L per cent less than barrows and boars.,
The influence of age of dam was not significant on 180-day
woight, Heritability estimates for 180-day weight, as
determined by several different metheds, ranged from .20 to
5H2. The author concluded from the results that at least 30
per cent, and perhaps more than L0 per cent, of the variancs
in 180-day weight was due to the additive effect of genecs.

Baker et al. (1943) observed the relative importance of
heredity and enviromment on rate of gain and welght from
birth to 168 days of age. They reported that the heredity
of the pig played an increasingly important role In develop-
ment from birth to 112 days, during which time the genetic
variance increased from 7 poer cont to 31 per cent, and the
environmental influence decreascd from 51 per cent to 3L per
cent, After 112 days of age, the importance of heredity

decreased whille that of environment increased,
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‘Hazel ot al, (1943) calculated genetic and environmen-
tal correlations between gains in three 56-day periods from
birth to 168 days of age 1n swine., The genetlc variance
constituted 15, 28, and 17 per cent of the observed variance
in each of the three perlods, The authors concluded that
genes wlth persistent effects were responsible for a large
portion of the genetic variation and that heredity had g
less important, but a wmore constant, influence upon growth
rate than did environment.

Nordskog and others (194ly) reported heritability esti=
mates for welght at several ages from the analysis of
variance of data on 2,396 pigs and from the offspring-dan
regression of 312 dam-litter comparisons, The effects of
age of dam accounted for 22 per cent of the total intra-
line, intra-year variance of welght at weaning. BEnvironmen-
tal variance common to each litter was greatest at 21 days,
accounting for 37 per cent of the total variance at that
age, It decreascd to 7 per cent at 168 days of age., The
highest heritability estimate obtained was 115 for gain from
56 days to 168 days of age. Heritability of 168-day weight
WAS 27

Cunmings et al. (1947) obtained heritabllity estimates
of total litber weaning weight from 532 daughter-dam
comparisons, Heritability was estimated to be 59 per cent,
with the offects of inbreseding, size of the litter at birth,

and survival number held constant, It was suggested that
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this figure wmight approximate closely the heritebilivy of
milk.production in the sows, o , _ v

Shrode (1950) analyzed the data from a large number of
litters to determine how well the 15l-day weight of a fubure
litter could be predicted from three-week and elght-week
data on an earllier litter and how much information would be
sacrificed 1f only the more useful data were used in a
production index, Analyses of liitter records indicated that
the eight-wesk data were slightly mors useful and reliable
as an indlcation of sow productivity than the corresponding
thres~week data, except for the repeatabllity of litter
weights, in which case the repeatabillty estimete for threee-
week litter weight (.1l4) was slightly higher than that for
eight-week litter weilght (.08),

The author concluded that sow productivity could be
predicted as accurately from an index composed of either
three~wesk or oight-week litter data as it could be from an
index composed of the data at both ages.

Blumn et al, (1954) studied the interrelationships of
welghts of 1,89 pigs at birth, 56 days, and 154 days of
age. The highest average within-litter correlatlon was .03
between 56-day and 15h-day weight. The correlation between
birth weight and weaning weight was .53. The coefficients
of determination indicated that only 286 ver cent and L0 per
cent of the variance in 15Lh-day welghts could be accounted
for by a knowledge of birth weights and Sé-day weights,

raespoectively.
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Lerner and Cruden (1948) obtalned estimates of herita-
bility of accumlative wonthly and amnual egg productlon in
a flock of White Leghorn hens and studied the effectiveness
of using a partial laying record as an early indication of
total egg production, The heritability of accumulative egg
production was found to be nearly consgtant throughout the
vear and was approximately 33 per cent. Genectlic correla-
tiens between partial and full production were found to be
high., A genetic correlation of .82 was reported between
accunulated production through ths fourth month and total
annual production./ With the addition of eadr successive
month's production, the correlation was ralsed only
slightly. The authors concluded that there was a possibile
ity of efficient selectlion for increased egg production on
the basis of partial records more economically than on the
basis of annual production, partly because of the decreased
interval betwesn generatlions allowed by an earlier evalua-

tion.

The Effect of Age of Calfl

The method of weighing calves at a constant age to
eliminate variation in weight due to age differences is
impractical under most conditions. VSince the ages at which
welghts are taken vary considerably, some method must be

used to standardize calfl weights to a common age,
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Por the unadjusted data analyzed by Rollins and
Guilbert (1954}, the average rate of growth from birth to
four months of age was 1.91 pounds per day with a standard
deviation of .21 of a pound, The average 2L0-day w§aning
w@ight‘was §3h‘pounds with a standard deviation of 70
pounds, Bach calf's welght was standardized to 120 days and
240 days of age with its own successive monthly welghts used
for a linear interpolation,

Koger and Knox (1955b) cbtained an average intraclass
regression of weight on age of 1.33 pounds per day, based on
the analysis of over 000 calf weights that were classifled
by year, sex, and age of dam, This regression coefficient
was used in a modification of the age intercept method to
obtalin correction factors for standardizing calf weights to
205 days of age. These factors were used to design a noMo=
graph for coanvenience in adjusting weights to a common age.

Sawyer et al. (1948) reported that the regression of
welght on age was 1,28 pounds per day. Growth wasg uniform
from 25 to 35 weeks of age for the besf calves studied.

Jommson and Dinkel (1951) studled monthly weights of
297 grade and purebred Hereford calves to obbain the growth
curves from birth te weaning and te caleculate correction
factors for adjusting welghts of range calves to standard
ages of 155 days and 190 days. UMost of the calves were
dropped in April and May, and all were wWeaned on the same
day as noar November 1 as possible. The celves ran with

their dams on range pasture and received nc creep feed., The



average weanlng age was 1857dags with an average welght of
360 pounds, Monthly weights made it possible to plot a
growth curve which indicated alwmost linear growth from birth
to 155 days of age., Grouth then sloweé down, but it was
egssentlally linear from 155 to 225 days of age. The
regression of weight on age to 155 days was 1.8%, while the
regression for the period frowm 155 to 225 days was .05 of a
pound per day, Correction factors were obtained for the two
periods by use of the age intercept which assumes that the
rate of galn was constant throughout the period, Another
set of corrections was obtained for standardizingz welghts to
190 days of ame by use of a quadratic squation, based on the
assumption that the decrease in the rate of growth was
constent throughout the period. The accuracy of the two
sets of correction factors was compared by studying the
woeights of 70 calves which had a weight at or near 190 days
and weights near 30 days prior to and following the standard
age., The reasulis indicated that corrections by either
method wWere aceurate encugh te be useful, but the factors
obtained by the linear equation were more accurate and were
recomended over those obtained from the gquadratie equation,
Caution was advised in applying a given set of correction
factors to calves raised under varying climatic and managse=-
nent conditlons er to welghts which varied beyond 30 days
preceding or following the standard age,

Koch (1951) obtained a rogression of weight on age of

2.27 pounds per day vhich was used to adjust welghts to a



standard age. The average weight of the calves was 393
pounds at an average age of 176 dayse,

Botkin and Whatley (1953} reported an intraclass
rogression of welsht on age of 1.L6. Ages at which the
calves wors weaned varied from 120 days to 260 days, the
average age beinz 217 days. The welghts were adjusted Lo a
standard age of 210 days by the age Intercept method,
Growth curves were plotted for five groups of calves pro-
duced in 1948, 1950, and 1951, for which monthly weights
were available. Growth was e¢ssentially linear during the
portion of the.curve to whieh corrections were applied. In
the same study, Botkin (1952) further checked the linearity
of growth by adjusting welghts by the use of the regression
coofficiont and on the basis of average dally galn. The
correlation between welghts corrected by the two wmethods was
.98, Differences betwoen welghts corrected by the two
methods were notlceable only for calves 50 days or more
youngsy than the average.

In 195L, Burgess et al. reported the regression of
weight on age to be 1.67, which was used to standardize the
weaning weights of calves to 210 days, Koch and Clark _
(1955a)vfouhd growth to be essentially linear from birth to
weaning. All weights were standardized to 182 days of age
by the use of the actual rate of gain for cach calf. Evans
et al. (1955) analyzod weaning welghts of 1,737 purebred and
grade Hereford calves. The rogression coefficients of

welght on age at weaning for the purcbred and grade calves



were .91 and 1,00, rospectively. A modification of the age
intercept method was used to standardize welghts to 210 days
of age, Reollins and Wagnon (1956) adjusted each calf's
weaning welght to 240 days of age by making a linear
interpolation or extrapolation based on its weaning welght
and its previous weight taken about one month before
weaning,

From a study of the growth curvaes of 255 pigs, Taylor
and Hazel (1955) found linear growth from 13L to 174 days of
age. Six methods of adjusting welghts to 15k days of age
were cempared, The bwo most accurate and convenient methods
were the age intercept method and the corrsction by linear
interpolation when two weights bracketed the:standard 882G,

P

The Effect of Sex of Call

At birth, bull calves generally have beén found to be
foﬁr to five pounds heavier than heifers. (Dawson et al.,
19L7; Gregory amﬁ chers,719505 Burris and Blunn, 19523 and
Botkin and Whatley, 1953). |

Rolline and Guilbert (195L) reported thét bull calves
gained .13 of 2 pound more per day than heifers from birth
to four months of agse., At 240 days of age, bull calves wers
68 pounds heavier then heifers, ILush et al.j(l@BO} observed
the growth of beel cattle under range coﬂditions for a
aumbey of years and found that steers consistently grew at a

faster rate than heifevs, Knapp and coworkers (1942)



reported an average difference of 22 pounds between steors
and helfers at weoning,

Koger and Enox (1945a) found that steer calves averaged
32 pounds heavier than heifer calves at 205 days of age.
Woolfolk and Knapp (1949) found steers teo have a 28 pound
advantage over heifers at weaning. Gregory et al, (1950)
found no significant difference betwsen the sexes for gain
from birth to weaning, or for weaning weight, after weights
had been adjusted te a standard age. The sex difference at
birth was significant with bull calves oubtweighing heifers
by about 5 pounds, ’ o

Koch {1951) found that bulls and steers were Ll pounds
and 13 pounds heavier, respectlvely, than heifers at 176
days of age. The weighted differsnce between male and
female calves was 23 pounds. The auithors concluded that the
large difference bebtween bulls and steers might have bsen
due to the selectlion of heavier or faster gaining calves for
bulls. The steers alsec might net have had sufficient time
to overcome the setback caused by castration.

Botkin and Whetley (1953) reported that the average
difference betweeon males and females at weaning was 2L,6
pounds. The weights were corrected to a sbeer equivalent by
adding 25 pounds to tho age corrected wolghts of all
females. Burgess et al, (1954) found that steers weighed
only slightly more than helfer calves, but bull calves were
gignificantly heavier than olther stesrs or heifers at

weaning, Evans and coworkers {1955) found bull calves to be



22 pounds heavier than heifers at weaning, vhile steers were
17 pounds heavier.

Hitcheock et al. (L955) found that age corrected year-

heifers, based on data of 722 grade Hereford yearlings.
From the analysis of data on 5,952 Hereford celves, Koch and

Clark (19554) reported that steer calves averared 26,2

pounds heavier than heifers ai
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and Wagnon
(1956) found that sbteer calves weighed 31 pounds more than
females in the herd maintained at an optimun nubritional
level, The corresponding sex differsnce for calves raised

in the herd on the lower nutritional level was 18 pounds.

The Effect of Age of Dan

Lush and Shrede (1950) stated, "It is well known that
milk production inecreased with age at an ever-decreasing
rate until maximum production is reached at around six to
eight years of age. Preduction then declines with advancing
age." From the analysis of a large number of production
records frowm the files of the Holstein-Friesian Asscciatilon
of America, multiplicative age correction factors were
determined for cows from two to fifteen years of age.

Gifford (1953) reported that milk production of the
Hereford cows which he studied reached its peak at six years

of ages The gross correlation between total milk production



and gain of the call to gix months of age was 65, Enapp
and Black {19L1) reported that millk consumption of Shorthorn
calves was the most important influence found on gain during
the suckling period with a correlation of .52 between
quantity of milk comsumed and gain from birth to weaning.

Rollins and Gullbert (195L) reported that young cows
and cold cows produced calves that grew more slowly to four
months of age and were lighter at weanlng than calves
produced by cows of Intermediate ages. Calves from first-
calf heifers and second=-calf cows grew slightly faster than
calves from older cows during the period four months to
sight months of age. The authors concluded that this was
avidence of greater persisteoney of lactation in the younger
COWS .

Enapp et al. (1942} found that maximum weaning weights
were from calves produced by sixeyear-old cows, with a
gradual inecrease from two to six years of age and a more
rapld decrsase from slx to eleven years.

Knox and Koger (1945) studled the effect of the ags of
the cow on her production under range conditions, The
calves were dropped in Mareh, April, and Hay anﬁ were weaned
in October and November at an average age of 205 days. The
average woight of the cows from three to ten years of age
and the average weight of thelr calves were plotted. The
Acows attained the greabest wolght and produced the heaviest
calves between sgix and eight years of age with a peak at

gsoven years. & high correlation betwesn the welght of the
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cow and her calf indicated that highest production occurred
vhen the cow was in the period of greatest physicel vigor.

In 1947, Dawson et &l, reported an increase of .20 of a
pound in birth welght for ecach month increase up to six
years in age af’the Shorthorn cows studied, The correlation
between birth weight and age of the dem was L5 for male
calves and .36 for females, Lccording to Sawyer et al,
(19&8), two=year=-old cows produced calves which were 75
pounds lighter at 30 weeks of age than those produced by
mature cows, Their data indicated that weaning weights
increased with the age of the dam through eight years of
age. After that ags, weaning welghts declined with the
increased age of the dam,

Botkin and Whatley (1953) found that cows five through
thirteen years of age performed similarly, based on the
weaning weights of their calves, Botkin (1952) divided
these cows Into age groups within each year and calculated
selection differentials for age and sex gorrected weaning
woights., Within each year and age group, the selection
differential was the difference between the cows retained in
the herd for further use and the average of all cows in the
group before calving. The average selectlon differentlal
was one pound and was ruled out as a factor affecting
production of the older cows. All cows five years and older
vere consldered mature and weaning welghts of calves by
three and.fouréyear-old cows were corrected to the mature

equivalent by the addition of 35 pounds and 15 pounds,
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respectively, Birth weights were adjusted by adding four
pounds to the weights of calves from three-year-old cous and
two pounds to the weights of calves from four-year-old cows.
This correction removed 82 per cent and 62 per cent of the
variation in weaning welghts and birth weights, respec-
tively, due to differences in ages of dams,

Burgess et al, (195L) reportsd that, from the analysis
of weaning weights of Si6 conventional type purebred
Hereford calves, cows reached thelr peak of production
between six and elght yvears of age. ZEvans et al, (1955)
obtained age of dam differences at weanlng from data on over
1,700 purebred and grade‘Hereford calves, Cows reached
their maximum production, based on the weaning welghts of
their calves, betweon flve and eight_years_of ag¢.7>Correc-
tion factors obtained for two, three,“four,_nine,_and ten=-
year~old cows were 106, 5L, 20, 1L, and 43 pounds, respec-
tively.

Hitcheoek ot al, (1955) found that the ages of the dams
when the offspring were dropped had no significant_effagt on
the yearling weights of the calves. Koch and Clark (1955d)
studied two methods of calculating correction factors for
age of dem influences on welghts which were as follows:

(1) the comparison of the averages of all records made at
each age and (2) the comparison of records made by the same
cow at different ages, DBoth methods indicated that the
couw's preduction increased steadily from three to six years

of ége and then declined for both birth and weaning welghts,
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Additive adjustment factors were complled for weaning
weights. The adjustment for three~year-old cows and ten-
year=-old cows was the addition of L1 pounds and 2l pounds,
respectlvely, Adjustments for fall yearling welghts were
about one-~half the magnitude of those for weaning weights,
Follins and Wagnon (1956) found that cows were at their
maximum productioﬁ at seven and elght years of age in both
of the herds studied, The age correction for three-year-old
cows was approximately 50 pounds, while 10 to 15 pounds were
neoded to correct weights of calves from ten-year-old cows

to the mature equivalent,

The Effects of Other Sources of Variation

Rollins and Guilbert (195L) found it necessary to make
adjustments for season of birth and year effecits when
comparing weights of calves dropped in different years and
in different seasons within a year. OCalves dropped from
1948 through 1951 were lighter than those dropped from 194l
through 194L7.

Koech (1951) found that for each 1 per cent inbreeding
of the dam, the weaning welght of the calf was decreased
2.5 pounds, Weaning weight was decreased .48 of a pound
for each 1 per cent inbreeding of the calf., Tyler et al,
(1947) found that the birth weight of the Holstein-Friesian
calves studied declined an average of ,28 of a pound for

each 1 per cent inbreeding of the calf,



Burgess et al, (1954} analyzed data collected over the
six yoar period from 1946 through 1951, Year differences
were found to have a significant effsct on weaning welght,
In 1947, the average weaning weight of the calves was 2l
pounds less than the everage of all yoars, uwhlle, in 1951,
the average weaning welght was 20 pounds grester than the
average of all years, Inbreeding of the cow and the calf
had gignificant effects on weaning welght. For sach 1 por
cent inbresding of the calf, weaning weight at 210 days of
age decroased 1,76 pounds, while an increasc of 1 per cont
inbreeding of the cow decreased weaning welght 1,15 pounds.

Botkin and Whatley (1953) found that the effect of
years on weaning weights was due to grazing Qanditions, as
ihflueﬂeeé largely by rainfall during July and fdugust, bub
the year effect on birth weights was not consistent., All
welights were corrected for year effects by adjusting tho
wolghts of calves 1In each year to tho average of all years,
The dems of the calves in the study were gubjecteé to
different nutritional regimes, Botkin (1952) found these
treatmont differences %o be significant., However, correc-
tions for these effects reduced total variance and the
variance between cows nearly the same. He concluded that
the Increase in repeatability after adjusting for treatmenk
differences was nct enough te warrant the extra time and
labor reguired for making corrections., Rollinas and Wagnon
{1956) concluded that the levels of mutrition to walch the

two herds in thelr study were subjected did noit appreciably
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affeet repeatabllity and heritability estimetes of weaning
welght when caleculated on an intra=-herd basis, although the

average performavice of the two herds differed greatly.



LGSCRIPTION OF THE DATA

58]

The deta used In this study were a series of weights of
calves produced in four experimental beefl cattle herds
maintained at three locatlions in the State of Oklahoma. The

-

cattle In these four herds differed in location, oreéding,
nutritional treatmente, and, to some extent, In nanagement

practices undey which ths herds wore malntained. Decause of

e
)

these differences, the data were treated soparetely. The
distribution of the data In each herd is given in Yable I,
To caeh herd has been assigned a research projeect numbor.
In the following discussion, reference will be made to the

project numbers in deseribing the data from each herd.

TARLE I
DISTRIBUTION OF DATA FROM FOUR SOURCES

Locations Fort Heno Fort Heno Stillwater Wilburbon

Standard Ages
of Calves 112 210 112 210 112 210 112 210

Ho, of Cows 77 76 169 111 62 62 5
Mo, of Calves 229 230 L94 5L3 232 232 155  1Lé




Only those cowz having btwo or more records were
eonsidered, since the study was desipned to estimate the
repeatability of ealf weights at 112 éays and 210 days of
age, Bilrth weights were obtained for all calves within 2l
hours of birth, Welghts were avalilable near 112 days of age
for 1,110 calves produced by 303 cows., Weaning welghts were
avallable for a total of 1,151 calves produced by 301 cowus
during the period 1950 through 1955, The average weight of
all calves at weaning was L5l pounds, and the average age

was 208 days, The pooled data are shown in Table II.

TABLE TI
DISTRIBUTION OF POOLED DATA FROM FOUR HERDS

No. of Cows | 303 301
No. of Calves 1110 1151
Wo, of Males 576 595
Ho. of Females 534 556
Ave. Age (days) 110 208
Standard Dev. 15 19
Ave, Weight (pounds) 279 LEL
Standard Dev. L2 65

Mozt of the calvoes were dropped during the thres-month
period of February, March, and April, although a few were

dropped in January and May. 7The male calves in the grade
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herds were castrated when mest of the calves were botween
two and four months of age. The male and female calves in
these herds were dehorned at th@_same_time.b ione of the
purebred calves were dehorned, and few of the male calves
were castrated in the registered herd., All calves were
weaned at the same time, usually in early Oétober. With the
exception of 62 calves in Project 6?0 which were creep fed
during the summef of 1953, all calves were with thelr dams
on native pasture from birth to weaning with access to no
feed other than btheir dems' milk and what grass and salt-
nineral mixture they WOuld‘eat.

The cattle in Project 670 wers rogistered animals of
Hereford and Aberdeen~-Angus breeding maintained at the Fort
Reno Experiment Station near E1 Reno. This project was
initiated in 1949 for the purpose of studying the genetic
aspects of écm@ of the more economically important traits in
boef cattle, There are three separate lines of cattle which
are vanrelated in this project, and they have been handled
under similar envirommental aﬁd management conditions from
their beginning. The bulls which were used ln sach line
wore similar in typse and breeding to the cows of that line.
Soms inbreeding has been practiced in two of the lines. The
data from this project were collected during the years 1951
through 1955. Weights near 112 days of age were available
for 229 calvea produced by 77 couws, while weaning weights

were availlable for 230 calves from 76 cows,
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Project 650 was initlated in 1948 at the Fort Reno
Exporiment Station with 120 cholce grade, unregistered,
weanling Hereford heifers. The helfers were allotted at
random to elght lots of 15 head @aqh.‘ Three levels of
supplemental winter feeding, designaﬁed as high, medium, and
low, were assigned to the lots, Two bf the lots (7 and 8)
also were assigned to supplemental summer feeding regimes.
SupariMposed on thess hutritional treatments were
diff@rences in the ages of the heifers at first calving.

The heifers in lots 1, 3, 5, and 7 were calved first as
two=-year-olds, while the heifers in lots 2, L, 6, and 8
calved first at three years of age, All groups grazed
native grass pastures of similar quality throughout the
year., The supplemental winter feeding regimes were as
follows: 1low level (lots 1 and 2), 1 pound of cottonseod
cake per head daily: medium level (lots 3, li, 7, and 8), 2.5
pounds of cottonseed cakes per head per day; and high lsvel
{lots 5 and 6), 2.5 pounds of cotbtonseed cake and 3.0 pounds
of oats per head per day.

On the summer supplement phase, the cows in lot 7T
received 1.5 pounds of cottonseed cake and 3,5 pounds of
oats per head daily from July 1 to October 1. The cows in
lot 8 received the sawe supplemental ration containing 1.0
to 1.5 grams of thyroprotein daily per hundred pounds of
body welght,

The cows bred to calve as‘twc—y@ar-olés calved first in

the spring of 1950. Weolghts during the suckling pericd were



not obtained for these calves; nowever, their weaning
weights vere included In the 210-dey analyses, The cous
bred to calve flrst at three yesrs of age calved in the
spring of 1951, Weights were available near 112 days of age
and at weanlng for these calves, Welghts near 112 days of
age were avalleble for L9l calves produced by 109 cows.
Weaning weights were available for 5L3 calves from 111 cows
including those produced by cows two years of agc.

Project 526=8 was conducted at the Lake Carl Blackwell
Experimental Range near Stillwater. Sixty-four grade
Hereford cows of varying ages wore assigned to four lots of
sixteen head each. These lots were assigned teo a study
designed to determine the effect of high wanganese intake on
the performence of beel cows, Several weights of these
calves were available between birth“and weaning during the
five year period, 1951 through 1955, Weights near 112 days
of age and at weaning wéra obtained for 232 calves produced
by 62 cows during that period,

Project 526-W was bogun in 1951 at the Range Cattle
Kinerals Station near Wilburton. Sixty head of two-year-old
grade Hereford heifers were divided inte six lots of ten
head each. The treatments assigned to these cattle were
designed to investigate the influence of the following
factors on production of beef cattle: ﬁl)vparaaite control,
(2) summer shade, (3) phosphorus intake, and (L) feeding
trace minerals. vThe welghts used in the present study wers

from the 1953, 1954, and 1955 calf crops. Welights near 112



days of age were available for 155 calvoes produced by 55
cows. Weaning weights for 146 calves from 52 cows were

availleble in this project,

Ly



METHODS OF ANALYSIS AND RESULTS OF THE STUDY

Some of the major sources of variation, in additiaﬁ to
differences in the wmothering ability of beef cows, which are
knowni Lo influence welghts of beef calves Include variations
in the following factors: (1) ages of the calves at the
time they are welghed, (2) sex of the calves, (3) ages of
the dams at the time of calving, (L) years, (5) treatments
to which the couws ars subjected, and (6) lines of breeding.
Soms correction must be made for the offects of the major
sources of varilatlen in an effort teo adjust weights to a
more comparable basis before a reliable estimate of the
differences in mothering abllity among cows may be
determined.

Evéluating the average influence of thess identifiable
sources of variatlon and adjusting the observations for them
amount t@»controlling, statistically, a portlon of the
variation, Statistical control may not remove all variation
due to a glven source because of the errors in evaluation,
I the effect varies from one observation to the next, only
the average effect will bs removed by statistical conbtrol.
Even so, any veriation removed increases the securacy with
which the real differcnces between cows can be assesaed.

In the present study, the data were classified

according to the sex of the c¢all, age of the dam, year of

L5



birth, and treatment lot or line of breeding. Therefore,
the weights In each class wore from calves of the same sex,
dropped in the same year, and produced by cows of the same
age that had been subjected to the same treatment or were of
the same line of br@eding, The moethods employed to deter=
mine the correction factors used to adjust weights to a
comparable basis are @Kpl?ined in the succeeding sub=-

geetionsge.

The Influence of Age of Calf

The age int@rceptvmethod was used in this study to
obtain correction factors for adjusting calf welghts to the
standard ages of 112 days and 210 days. This method was
introduced by Bywaters amd Willham (1935) and used by
Vhatley and Guaife (1937) to standardize the weights of pigs
to a common age. Phillips and Brier (19L0) used the method
to standardize the weipghts of lambs to & constant age of
twenty weeks. Several workers have extended the method for
standardizing weights of beecf calves to a standard age.

This method is based upon the regression of weight on age
and assunes essentially linear growth during that age period
to which the correction factors are to be applied.

The uncorrected average weights were plotted for the
calves in each project at five~day Intervals during the age
range from which ll2-day weights were obtained. The range

in ages for the sarlier weights and for weaning weights are
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givVen 1o0r eaci projgect in Appendlix Table I, A line reyre-

-

senting the average regression of weight on age for each
project was then superimposed on the weight-Tfor-age plot.
In each project, the regression line closely foliowed the
plovted weights, the major deviations from the regression
line belng the points at the extreme ages, each of which wag
composed of oaly a few weights. Although this method ig not

il £, >

an exact test for linearity of growth, it does indicate that

fer greatly Iron lipearity during that

O

age range o which correction factors were applied.

-

Although weights were not plotted for that age range from
which corrected 210-day welghits were obtained, linearity of
growth during thal period was assumed., The same method of
standardizing weights was used for both ages to make
comparisons between welghts at the two ages more accurate
than if different methods had been uvsed.

The age intercept method involves the use of the intra-
class regregsion of weight on age, as determined from an
analysis of covariance., It is the regression of weight on
age with the effects of sex, ége of dam, year, and treatment
or line of breeding removed. The intraclass regression
coefficients for each group of data are presented in Table
III for both 1ll2-day and 210-day weights. A sample of the
method of covariance analysis used 1s presented in Appendix
Table II for the data from project 650 neayr 112 days of age.

The analyses from which the project intraclass regression
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coefficients were determined are presented in Appendilx

Tables III and IV for the sarlier and the later data,

respectively.
TABLE IIT
INTRACLASS REGRESSION COEFFICIENTS
FOR EACH PROJECT
Project — 670 —T5o Eobes . Sobau
Standard ‘ v
Age 1122 210 112 210 112 210 112 210
Regression

{Weight
on Age) 1,83 2.23 1,26 1,31 1.49 0.99 1.19 1.52

It was desired to pool the data from these herds in
ordor to obtain composite age correction factors. It was
belleved that the data should be pooled only when the growth
rate of the calves in the different projects was similar.
The difference between the regression coefficients for the
four groups of data was tested by the meothod described by
Snedecor (19L6). Thils test is presented in Appendix Tables
VII and VIII for the regression coefficients for early
weights and weanlng welights, respectively.

The tests indicated that there were significant differ-
ences between the project regresslon cosfflcients at both
ages. The cgefficients for project 670 were larger than
those for the other herds. After the removal of the data

from project 670, the test made, as shown in Appendix Tables
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IX and X§ indisated no significant differences among the .
regression coefficients from the other three herds, Since
the coefficlents from project 670 were significantly differ-
ent from those ealculated for the other three projects,
correction factors were computed Tor adjusting the welights
of calves 1In that project to 112 days and 210 days of ags
using the coefficlents derived from that project only., From
the composite regression coefficients obtained from the
pooled data of the other three projects, age adjustment
factors were calculated for use on all calves in the three
remaining projects.

The age Intercept method of standardizing the weights
of calves to a constant age involves the following series of

formulaes

Age intercept

= Average Age -

Corrected Welght

= Actual Weight x

Age A\Age intercept 

Age correction factors for the two ages were determlned

ag follows:

(1) PFor calves in project 670
112 day age intercept = 119 - 302 . = L6
v 28 ° -
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Corrected
112-day weight = Actual W&, x Tﬁ@
Actual Age + |6

210-day age intercept = 207 - Ehgggs = 46

.

Corr d - Wg, = A y
rrected 210-day Wt, = Actual Wt, x Actuai kge -0

(2) For calves in projects 650, 526~S, and 526-W

112-day age intercept = 110 = % =-109

Corrected

112-day wt, = Actual wt. x A&uﬁe e
210-day age Intercept = 208 - = -138

y ag P T.3135 3
Corrected

- . A . 8
210=-day wt, = Actual wt, x Rotusl Age + 138

A table of the correction factors for the various ages
can be made for convenience in standardizing weights. The
correction factor for a given age 1s multiplied by the
actual welght of a calf at that age. Some sample correction
factors for a few selected ages are given in the following
tables,



TABLE IV

CORRECTION PACTORS FOR VARYING AGES OF CALVES

AT 112 DAYS IN PROJECT 670

1

iae. Cors e C.F,
111 1,006l 113 .9937
110 1.0128 11k .9875
109 1.019) 115 .981l,
108 1.0260 116 <9753
107 1.0327 117 »9693
TABLE V
CORREGTION FACTORS FOR VARYING AGES OF CALVES
: AT 210 DAYS IN PROJECT 670
IV ot Ano Cbs
209 1,0049 211 »9951
208 1.0099 212 <9903
207 1,0149 213 9855
206 1.0200 21l .9808
205 1.0251 215 .9761




TABLE VI

CORRECTION PACTORS FOR VARYING AGES OF CALVES

AT 112 DAYS IN POOLED PHOJECTS

(%38

N

et

e
o

T ol

i

4ze

Ape - CoF,
111 1.00L6 113 « 9955
110 1.0091 11l .9910
109 1.0138 115 .9866
108 1,018k 116 .9822
107 1,0231 117 3779
TABLE VII
CORRECTION FACTORS FOR VARYING AGES OF CALVES
AT 210 DAYS IN POOLED PROJECTS

Aps W s Azgo F.'T?‘ .
209 1.0029 211 L9971
208 1.00588 212 9943
207 1.0088 213 .9915
206 1.0116 21l 9886

1.0146 .9858




The 1l2«day woeighte of 100 calves adjusted by these
correction factors werse correlated with the ll2-day welghts
of the same calves adjusted by average dally gain interpolas-
tion. These ecalves were all dropped during the same year in
project 670, The average age of these calves was 122 days
with 2 range from L2 days to 155 days, After the effects of
line of breeding, age of dmm, and sex wWore removed, the
correlation betwoon weilghts adjusted by the two methods was
only ,50., Aftor the romoval of the weights of all calves
beyond 30 days either side of the standard age, the correla-
tion was inecreased to ,95. Although based on a small number
of calves, these corrslations indicate that the correction
of calf weights by use of tﬁe age intercept method beyond 30
days either side of the standard sgs contains conslderable

S8ITOr,

The Influence of Sex of Calf

It was knoun from previous studias that differences in
growth rate exist among bulls, steers, and heifers., In the
uge of repested records by the same cow, some adjustment may
be necessary for sex differences, since the weights of both
maleos and females usuwally will be present. The accurscy of
the comparison of the production of different cows may ba
inereased by making adjustments for sex differences among

theiyr offspring.



After calf welghts had been adjusted to the standard
gges of 112 and 210 days of age, the average differences
between male and female calves were determined for each
project., Those differences are presented in Teble VIII for
calves at both ages., MHales wero heavier than females in all

CEB68.,

TABLE VIIT

WEIGHT DIFFERENCES BETWELN MALES AND FEMALES AT
112 AND 210 DAYS OF AGE FOR EACH PROJECT

Prg

Standard
Ape 112 210 112 210 112 210 112 210

Sex
Differences
(Males-Females)
Pounds 18 38 15 26 11 28 20 27

The difference between males and female calves at 210
days of age was greater in project 670 than in the other
projects., With fow exceptlons all male calves in project
670 were left ag bulls., In the other three projects welght
differences between gteer and heifer calves were quite
similayr, The data from the three grade herds were pooled to
obtailn sex correction factors. These arc prosented in

Tables IX ang X,
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TABLE IX

SEX DIFFERENCES AT 112 DAYS OF AGE IN
PROJECTS 650, 526m8, AND 526-H

JiNumberkofdﬂzi“mAQera%éuHelvht
Sex . - Calves . (pounds)
Hals 457 289
Female 129 275
Difference (Males-Females) 1l
TABLE b4

SEX DIFFERENCES AT 210 DAYS OF AGE IN
PROJECTS 650, 526~S, AND 526-w

mber o

ﬁverage'Weigfa
Sox — Calvos _(pounds)
Male L75 70
Femals Lihs L3
Difforence (Males-Females) 27

In this study, the age adjusted weights of female _
calves were corrected to a male equivalent. In projsct 670,
18 pounds were added to female welghts at 112 days of age,
and 38 pounds were added to the 210-day weights of these
heifers. The welghts of the heifer calves in the other
projects were increased by 1l pounds at 112 days of age and

by 27 pounds at 210 days of age.
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The Influence of Age of Dam

Previous sbudlies indlcated that calfl weights varied
among cows of different ages., Therelfore, In comparing the
productivity of cows of varying ages, some adjustment should
be made for this bias,

In the present study, the ages of the cows in projects
650 and 526-W were completely confounded with years because
the cows in these two projects were the same age at the tinme
the projects were initlatsd, Therefore, direct evaluation
of the effects of age of dam on calf weights could not be
made, However, the removal of the averagoe differences
assoclated with year elfects automatically removed the
effects of age of dam in these twoc herds.

After adjustments had been made for differences in age
and sex of the calf, the average weights of calves by dams
of esach age were calculated in projects 670 and 526-3, The
averagse calf weights for each age of dam are given in Table
XTI at the earlier age and in Table XII at weaning in project

670,



57

TABLE XI

ADJUSTED 112-DAY WEIGHTS OF CALVES FROM DAMS
OF DIFFERENT AGES IN PROJECT 670

oot

BEge of Wanber of  Aversge ilo-Day  Gorrections
Dam Calves Hoights — (pounds)

2 ' 13 262 3
3 | 33 289 Ry
I L3 308

5 L8 307

6 b9 303

7 25 - 306

8 12 1303

9 6 278 +30

TABLE XIT

ADJUSTED 210-UAY WEIGHTS OF CALVES FROM DAMS
- OF DIFFERENT AGES IN PROJECT 670

Zgo of  iumber of  Average 2l0-bay  Cerrections
_Dem ——b8lves SRR 5 125 1 ) | {pounds)

2 o 13 ' o Loz _ n+7q
3 35 o hhs | 427
4 uh R kR
5 o L8y | -13
6 b6 493 | ~17
7
8
9

25 ~ 493 | ~17
12 o2 -26
6 Lhe o 34
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The cows in project 670 ranged from two through nine
vears of age., & study of the average 11l2-day wéights for
oach age o dam revealed thal cows from four through elight
years of age were almost ldentical in their production, The
average c¢alf welght produced by thess cows was 305 pounds,
The average wWolghts of calves produced by cous two, three,
and nine years of age wers found to be lighter by L3, 16,
and 30 pounds, respectively, than the average for the mature
group., These dirfferences were addod to the weights of
calves produced by cows of the respective ages.

The average weights of calves produced by cows of the
game Iintermediate age group were not as consistent at 210
days as they were abt 112 days of age. A weighted average
for dams of all ages was calculated. The deviation of each
age of dam group fr@m the average of all dams was added to,
or subtractsd from, the 210-day weights of all calves from
cows of that age.

In project 526-8, calves were produced by cows which
veried from four to ten yeara of age. The average welghts
of calves produced by each age of dam and the number of
weights contained in each average ars shown in Table XIIT
for 1l2-day weights and in Table XIV for welghts at 210-days
of age, All celves produced by four-~year-old cows and most
of those produced by five~year-old cows were dropped 1n
1951, All of the calves produced by cows ten years of age
were dropped in 195L. Calves produced by couws of all other

ages wero avallable during thres or four yezrs. Therefore,
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welghts of calves produced by cows four and five years of
age were compared with the weights of calves produced by
six, seven, and eight-year~old cows in the same years. In =
like mamor, the average welghts of calves produced by tene
year-cld cows were compared with the average wolghts of
calves producded by six, seven, and cight-year-old cows in
the same year, From these comparisons, adjustment factors
were obtained for the adjusting of ealf weights produced by
the four, five, and bten-year-old cows, These adjustment
factors are presented in Table XIII for the weights of
calves at 112 days of age and in Table XIV for 210-day

welghts,

TABLE XIII

ADJUSTED 112-DAY WEIGHTS OF CALVER FROH DAMS
OF DIFFERENT AGES IN PROJECT BE26-3

ige of S Madbor of Average 1i2-Day  Corrections
Dan . Calves . Heights , (pounds)
4 7 259 | +30
5 32 ' 260 +30
6 35 282
T 56 278
8 1.8 293
9 32 282

10 22 301 17
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TABLE XIV

~ ADJUSTED 210-DAY WEIGHTS OF CALVES FROM DAMS
OF DIFFERENT AGES IN PROJECT 526w

I -

220 e BATES eights {pounds) |
b T : L6 10
5 32 ‘ Ll : 0
6 35 76
7 56 168
8 L8 L7l
9 32 L79

10 22 W77 -1

BV I
Ut

The Influence of Years

The preliminary analysis of the data used in this study
indicated that years had significant effects on the weights
of the calves in two of the projects. Large differences
between years were to be expected in projects 650 and 526-W
since year differences were confounded with age of dan
differences,

The greatest deviation of o sinple year average fron
the weighted average at 112 days in project 670 was only two
pounds. Therefore, no year adjustuents were made on ll2=~day
welghts In that project., Correectlon factors which wWere
applied to calf weights are shown In Table XV for the two

standard ages in each project,
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TABLE XV

CORRECTION FACTORS FOm YHEAR EFFECTSl

5
1952 ¢ #1113 40 -9 =18
1953 O + 3 +12 =38 +8 -5 <16 -6
195k 0 +26 #8 -32 = 0 431 -17  HiB
1955 o | '

+32 410 «15 -l 421 0 =l

1Givon as the pounds added to, oy subtracted from, each
calf's weight, based on the deviation of each year's
‘average from the weighted average of all years.

Although year differences had no significant @ffecﬁ on 112
day waights_in project 526-S, the greétest_@eviation_waa‘
nine pounds, and corraction Tactors were applied to ll2-day
welights of éalves in that herd. The:corrsction factors for
veayr effects at 210 days indicate tha# voars have a much
more pronounced influence on weighfs ét the later age than
at 112 days of aga. |

The varisble effects of years on' calf weights probably
are due largely to differences in annual and seasonal ralne
fall and other climatic variations. There was considerable
variation in the rainfall during the period from which these
data ﬁere chtained. Thoe use of different sires durlng the

six years of this study might be expected Lo contribute to
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the differences between yvears. Sires were not known for
wost calves, and thelr effects were not removed except vhen

sires were confounded with season or treatment groups.

i

Correction factors for year influences were calculated
for each project at the two standard ages and were applied
to the call weighits in thaet project. The weights of calves
préduced in each year were adjusted to the average of all
years by adding to, or subtracting from, each weight the
deviation of that year's average from the weighted average
of all years,

Because of the confounding of years with age of dam in
two of the herds, the data could not be pooled to o'ﬁain
composite year effects. Therefore, year corrections were
made on an intra-herd basis, and the correction terms were
determined after weights had bheen adjusted to a standard age
and corrected for sex of calf and age of dam effects in the

two herds in which age of dam differences could be

determined.

The Infiuence of Treatment and Line of Breeding

The calves included in the study from the three grade
herds were produced by cows which were subjected to
different nutritional treatments and, to some extent, to
different management procedures. The calves from project

£70 were from three different lines of breeding, including



two breeds. In this project, some selection had been
directed toward the producing ability of the cows.

Preliminary analysis of the data indicated that treat-
ment and line differences influenced calf weights at 112
days of age to the extent that corrections should be made
for these effects. The greatest variaticn in calf weights
between treatments at this age was in project 650, in which
the treatment influences were highly significant. Treatment
differences were not as great in projects 526-5 and 526-W,
but they were significant, indicating the advisability of
making adjustments.

The differences between the three lines of breeding in
project 670 had highly significant effeets on ll2-day
weights of the calves from that herd. Line III (large type
Herefords) had the heaviest calves on the average at both
112 and 210 days of age. The cows in Line II (medium type
Herefords) produced the lightest calves at both ages, while
the cows in Line I (Aberdeen-Angus) produced calves which
were intermediate to the weights of calves produced in the
other two lines.

Corrections were made for the treatment and line
differences within each project at the two ages. After
adjustments were made for the age of the calf, sex, age of
dam, and year, the average weights of the calves in each lot
or line were obtained. A weighted average was then
calculated for all lots within each project by dividing the

sum of the weights of each lot by the total number of
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calves. AdJustments for lot or line differences were made
by adding to, or subtrscting from, each welght the deviation
of its respective lot average Irom the weighted a#erage.

This correct@d the'average of eoach lot to the average of all

lois,

The Influence of Mothering Ability of the Cow

In order to determine te what extent the adjusted
weilghts of calves at 112 and 210 days of age were permanent
charactoristics of their dams, vepeatabllity estimates wers
derived by two different methods for each of the four groups
of data. I{ was of particular interest In this study to
determine and compare the estimates of repeatabllity
obtained from the same calves at 112 and 210 days'of 280,

Repestability estimates for adjusted calf weights at
the two ages were obtained first by an snalysis of variance
from which an intraclass correlation was obtained. The
basgis for this method is the comparison of the variation
among the average calfl welights of different dams with the
variation of ealf weights from the same cows, A second
estimate of repeatablllity was obtained for each group of
data by the regression of subsequent records on the first
record of the same cow. The estimstes obtained by the two
methods for each project are gilven in Table XVI, All esti-
rates were determined after calf weights had been adjusted

to a standard age and after corrections had been wmade for



the effects of the sex of the calf, the age of the dan,

year, and treatment or lins of brecding,

TABLE XVI

AEPRATABILITY ESTIMATES AS DETERMINED BY
TWO METHODS FOR BACH PROJECT

Project o710 . G50 5265 Boboi
Stds Agme IR o N 2 X 5 V-5 L S N R -3 X
pt .32 .31 .29 L3l 20 .29 36 .36
b2 .37 .32 Wb W35 W18 L2 .27 .23
1 r = intraclasg correlation

q -
< b = regression of subsequent roecords on the first

These estlmates did not vary greatly among projects Lor
weights at the same age. Therefore, the data from all four
projects werec pooled to obtaln a single estimate of repeata-
bility of weights at the two ages. The analyses of variance
of cslf weights from which project intraclass correlation
coefficlents were determined are presented in Appendix Table
V, for llB-d&y weights, and in Appendix Table VI, for weights

at 210 days of age.

Repeatability of Woights at 112 Days of Age

To determine the portion of variance in calf weights_"

due to permenent differences betwesn cows, weights of calves
at 112 days of age were analyzed from the pooled data of all

projects by an analysis of variance, as shown iIn Table XVII,



TABLE XVII

- ANATYSIB OF VARIANCE OF ALL CORRECTED
112-TAY WEIGHTS

Verisntion D.J0. Sum of Soguares Scuare  Estimate of:
Tobal 1106 1,047,476

Cous 299 501,439 16771 T2 + 3,681 ¢ 2¢
Calves by

the same >

cowu 807 56,037 676,6 T %

1Th@ average number of records per cow was 3.68,

The value obtained fér 7 %o was 676.6, which represents
the varlance remaining betuween calves produced by the sanme
cow after adlustmente have been maede for sowme of the sources
of variation due Lo terporary environmental effects. The
valiae of O Zc was calculated to be 271.9 using the following

Torpmmlal

in which 1677.1 1is the mean square reprosenting the variae=
tion between cows; 6T76.6 is the mean square representing the
variation between calves by the same cow; and 3.68 is the
average number cof calf weights for each cow included in the
analysis, o

The value, o2 = 271.9, reprosents the increase in

variance between calves having different dams. The sum of
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these two varlance estimates, g% + T8 = 676.,6 + 271.9 =
OLB.E, provides an estimate of the variance of all corrected
eall weights at 112 days of age.

After 0’26 has been dotermined, the repeatability of
1l2-~day calf weights may be calculated as follows:

> .
g ‘e :_»21..=.29

Repeatabllity =
0/20 ot JEC 93 .5

This fractlon of the variance in calf weights, .29, is
the intraclass corrvelation coefficient between the 1ll2-day
weights of calves prqduced by the same cow. The upper and
lawer limits of the 95 per cent confldence interval are 3L
and 2L, respectively.

To further determine the effectiveness of culling cows
on the basls of 1l2-day welghts of their first calves, a
rogression was obtained for the average of all weights taken
later than the first on the weight of the first calf pro-
duced by the same cow. The adjusted weight was obtained for
the first calf produced by each cow included in the study.
The cows were then divided equally inte a high group and =
low group on the basils of the 1l2-day weilghts of their first
calves., The average weights of all calves after the first
one were then determined for each cow. A comparison of the
difference between the average welghts of the first calves
by these two groups of cows and the difference between the

averages of all later calves produced by the same cows give
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& measure of the repeatabllity of the dem's performance for
this trait,

The average welights of the first calves and of all
later calves for the high and low groups are gilven in Table
AVIII and arc showm graphically in Pigure 1, The herd

average for all 1l2-day weights was 295 pounds.

TABLE XVIII

AVERAGE 112~DAY WEIGHTS OF CALVES FROM
HIGH AND LOW GROUPS OF COWS SELECTED
OF THE WEIGHT OF THEIR FIRST CALF

of Calves  Group  Group  (High-Tow)

Aveo llg‘day W'tt
of First Calves 303 318 272 L6

Ave, 1ll2«day Wi, of .
all Later Calves 305 303 287 16

From these data the repeatability of 1ll2-day calf
weighte may be caleculated by dividing the difference between
the average welights of all calves subsequent to the first by
the difference between the average welghts of the first

calves produced by cows in the high and low groups.

Repeatability = ._.i.g,., = .35
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Repeatability of Weights at 210 Days of ise

Repeatabillity estimates for calf welghts at 210 days of
age were dotermined by the same methods used to determine
those for weights at 112 days of age. The analysis of
variance of 210=~day weights from the pooled data of all

projects is shown in Table XIX,

TABLE XIX

AWALYSIS OF VARIANCE OF ALL
CORRECTED 210-~DAY WEIGHTS

Source of

Veriation D,F. Sum of Scuares Sguare  Tstimate of:
Total L7 2,200,260

Cows 297 1,097,869 3696.5 g 2e + 3,90% G %
Calves by

the same o

cow 850 1,102,392 1296,9 T'“e

1Th@ average number of rescords for each cow was 3.90.

The increased variance awmong cslves due to thelr having

different dams was ecalculated as follows:

3.90
The intraclass correlation of weights by the same cow,
which provided the estimate of repeatability, was calculated
‘as the ratic of the variance between cows to the total

variance as follows:



Repeatability = 5l5 = .32

The upper and lower limits of the 95 per cent confi-
dence interval are .37 and .27, respectively.

The repeatabiliﬁy estimate for weights at 210 days of
age was obtained by the regression of all weights subse-
quent to the first on the first welght in the same manner
used for ll2-day weights. The averages for the high and low
groupe are given in Table XX and are shown graphically in
Tigure 2. The herd averagesrfor all adjusted 210-day weights
was 471 pounds.

From these data, the repeatablility of 210-day weights
was calculated by the same manner used for ll2-day welights

and is as followss

Repeatability = m%%m = 34

TABLE XX

AVERAGE 210-DAY WEIGHTS OF CALVES FROM
HIGH AND LOW GROUPS OF COWS SELECTED
ON THE WEIGHT OF THEIR FIRST CALF

~ Total Wo. High  Low  Difference
of Calves Group  Group _ (High-Low)

Ave, 210-day Wt.
of Pirst Calves 301 505 437 68

Ave, 210-day Wt. of , )
A1l Later Calves 851 L8k 461 23
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318

Cows with
heaviest first
calves at 112

days
303

Herd 295 §d = 46 16

Average

(o
n

Cows with
lightest first :
calves at 112 2537
days

_72

Ave, 112-Day wt. Ave. 112-Day wt. of calves
of first calves later than first

d = difference between average 112-day weights of calves produced
by the two groups of cows.

Figure 1. - ~ Regression of 112-day weight of later calves on the
112~day weight of the first calves. Dams divided
equally into high and low groups on the 112-day
weight of their first calf.

16
Repeatability = Zg' =.35
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505

Cows with

heaviest fir
calves at 210

days

484

Herd 471 fa = 63 d

1]
™
jet

Average

-Cows with
lightest first
calves at 210 461

days

437
Ave. 210-Day wt. of Ave. 210-Day wt. of calves
first calves later than first

d = difference between average 210-day weights of calves produced
by the two groups of cows.

Figure 2. - -~ Regregsion of 210~day weight of all later calves on
the 210-day weight of the first calves. Dams divided
equally into high and low groups on the 210-day weight
of their first calf. '

Repeatability = %% = .34

(9
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Gorrelation of Calf MeightsratflIE and
210 Days of Age

Since the repeatability estimates obtalned for adjusted
calf weights at 112 and 210 days of age did not differ
sppreciably in this study, it appeared that selection would
be equally effective at sither age of calf, The other
purpose of this study was to determine the vslationship
between 112«day and 210-day weights of the same calves.
Correlation coefficients were then calculated hetwesn the
adjusted 1l2=day and 210~day weilghts of the first calves
produced by the cows In each project. These coefficients

are presented in Table XII,

TABLE ¥XI

- CORBELATIONS BETWEEN ADJUSTED 112-DAY AND 210~DAY
WEIGHTS OF FIRST CALVES

3

Project .

Correlations ‘ ,66 .83 g2 ‘ e Th

The éorrelation coefficients for welghts at the two
ages were not greatly different considering the relaotively
small number of cows in each project. The»poeliﬁgvaf the
data from the four projects resulted in a correlation of .T7L
between the weights of the first calves at 112 and 210 days
of age., The data were then pooled for all calves produced

in the four herds., The correlation coefficient betwesn the
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average ll2-day calfl weights and the average 210=-day weights
for all ealves produced by the same cow was found to be .86,
wilth upper and lower limits at the 95 per cent confidence
level of .90 and ,83, respectively. This high correlation
indicates that cows which have the heavliest calves at 112
days of age usually produce the heavier calves at 210 days
of ago, Thig was domonstrated by sorting all cows into high
producing and low producing groups based upon the ll2-day
welghts of their firvst calves. The same cows wers sorted
agein into high and low groups based on the 210-day weights
of their first calves. It was found that 80 per cent of the
cows wWere in the same high or low productlen group at both
112 and 210 days. If thess cows were sorbted into high and
low production groups based on the average 112-dsy and 210~
day welghts of two or more calves, an even higher percentage

night be expected to remaln in the same groups.



DISCUSSION AND APPLICATION

The primary purpoge of this study was to determine the
importance of some of the factors which influence the 112~
day and 210-day weights of beef calves which were produced
in herds handled under range conditions, Of particular
interest was the determination of the degrees to which calf
weights at the two different ages reflected permanent
effects of the dams., Correctlon factors were calculated
from the data which were then used to reduce the variation
among calfl weights known to be zssocilated with certain
sources of temporary environmental verliation., The removal
of the average effects of these varlables from individuel
éalf weights should accentuate real differences between the
producing ability of different dams and make selectlon based
upon these adjusted weights more effective. The removal of
the average offects of these sources of variation left
considerable variance betwesen calves by the same cow, much
of which may be attributed to varylng témparary environmens=
tal conditions which were not adequately adjusted for by the
corraection factors which were applied.

The age intereept method was used in this study to
adjust calf welghts to a standard age, sinee 1t had been
found to be reasonably accurate and usable under practical

conditions. The age Iintercept is based on the regression of
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calf welght on the age of the calf. Issentially linear
growth iz assumed to occur during that age period to whiech

- adjustments are to be applied. The plotbting of the average
calf weights at various ages indicated that growth rate of
calves near 112 days did not deviate greatly from linearity
in this study. The regression of call weighﬁ on age near
112 days in project 670 was found to be 1.83, which is quite
similar to the regression of 1.91 veported by Rollins and
Guilbert (195L). The corresponding regression coafficient
of 1,28, obtained by pooling the data from the three grads
herds in this study, was lower than the regression in
project 670 or that reported by Rollins and CGuilbert (1951).
Some of the slower rabs of growbth observed in the grade
herds might have been expected, The grade cows differed in
breeding from ths purebred cows and were subjected to
nutritional treatments and management procedures which might
have prevented as rapld growth as that of the purebred
calves. Probably of greater Importance is the fact that
wmores selection for cow productivity has been practiced in
the purebred herd than in the grade hewds,

The same trend was noted for the regression of wesning
weight on weaning age. Regression coefficilents of 2.23 and
1,31 were obtained in this study for projects 670 and the
poolad data, respectively. Rollins and Guilbert (1954)
reported a regression of 1.81 for weaning welght near 240
days of age. Xoger and Knox (1945a, 19L5b) weported the

regression of weaning weight on weaning age near 205 days to
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be 1.21 and 1,33, respectively. Sauwyer et al, (19L8) found
that growth was uniform bstween 25 weels and 35 weeks of age
and that the regression of weight on age ét weaning was
1,28, Johnson and Dinkel (1951) reported regression
coefficients of 1,85 from 0 to 15k days of age and of .85
from 155 to 225 days of age for purebrod calves on South
Dakota range, Koch (1951) reported the regrossion of wean-
ing weight on age to be 2,27 for ealves averaging 176 days
of age, Botkin and Whatlsy (1953) reported the regression
of weight on age to be 1.6 for grads calves averaging 217
days of age, In 195k, Burgess et al. reported a regressilon
of 1,67 for calves averaging 210 days of age, while Evans et
al. (1955) reported rogression coefficients of .91 and 1,08
for purebred and grade calves, regpectively, which averaged
210 days of age.

Obviously, regression coefficionts reported by the
varioug workers should not be compared directly because of
the differing condltions under which they were obtalned.

The differences in the regressions emphaslize the differences
in growth rate of calves in different herds and lndlcate
that no "standard" sot of correction factors is likely to
adjust with egual accuracy weights of‘calves raised under
variable conditions. However, the use of such cerrectlon
factors may meke comparisons more accurate than if no
adjustments are made at all,

Another methed which may be used to adjust calfl weights

for differences in age 13 made possible by obtaining two or
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more weights at ages which bracket the standard age,
Individual weights then may be adjusted by making a linear
interpolation based on the average dally gain of each c¢alfl
during that period., A limited study of these data indicated
that the age intercept and average daily gain moethods nade
about the same adjustment for calfl weights taken within 30
days of the standard age. The age intercept method was less
aceuratbe for adjusting weights of calves which deviated
widely from the average age. Similar conclusions were drawm

by Sawyer et al, (19L8) and by Johnson and Dinkel (1951).

khaggtkin (1952) reported that differences botween weights

corrected by the two methods were particularly noticeable
for calves which differed more than 50 days from the
standard age. Therefere, the method of obbtalning weights
which bracket the standard age would be of most value te
those ranchers whose calves are dropped during a period of
several months, The incrsased aocﬁracy of these adjusted
weights posaibly might offset the édded lebor and expense
required to take the second record. It usually is not
possible to weigh the calves bwice in order to bracket the
weaning age since the majority of calves are sold atb
weaning, However, when productlvity of the dam is estimated
from calf weights at some other age during the suckling
pariod, such as weight at 112 days of age, records may be
taken which bracket the standard age.

If the rate of growth during different parts of the

suckling periocd is not llnear, then correctlon of weights on
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the basis of average daily gain between bracketed weights
should be more accurate than correction by wmesns of the
regression coefficient covering the entire period,

In this study, sex differences were determined after
the calf weights had been adjusted to a standard age, A
gignificant difference of 18 pounds was found between bull
and helfer calves 1n project 670 at 112 days of age.

Rollins and Guilbert (195L) reported that the difference
between bulls and heifers was not sipgnificant at four nmonths
of age, although bull calves gained an average of .13 of a
pound more per day than heifers, which is an advantage of
about 15 pounds for bulls over heifers at four months,

At 210 days of age, the bull calves in project 670
averaged 38 pounds heavier than heifers, Rollins and
Guilbert (195l) reported that bulls outweighed heifers by 68
pounds at 240 days of age. Evans et al., (1955) found that |
bull calves were iny 22 pounds heavier than helfers at
weaning. Kooch (1951) found that bulls were Ll pounds
heavier than heifers at 176 days of age but attributed some
of this difference to selection. The older and heavier
males were left as bulls, In eny herd whore some males are
castrated and some ars left for breeding bulls, selection is
likely to be an important factor contributing to differences
observad between bull and steer calves at weaning.

Although only a relatively small number of weights for
bull calves were available in project 670, a study of the

gex differences indicated that differsences between bulls and
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steers, on the average, were small at 112 days of age.,
Adjustment for differences between bulls and steers at 112
days of age would probsbly not be necessary, The differencs
between bulls and stocrs was more pronowced at 210 days of
288

The differences between steers and helfers in the throe
grade herds revealed the sams trend at the twe standard
ages. From the pooled data, steers were heavier than
heifers by 1k pounds and 27 pounds at 112 and 210 days of
age, reaspectively. These figures were used to corract
female weights to the male equivalent. KNo direct compari-
sonsg were available from previous studies for the sex
difference at the sarlier age, Although the magnitude of
the difference at 112 days of age was only about one-half
that at 210 days of age, adjustmentsffor sex differences
undoubtedly would be worthwhile alao at the earlier age.

The difference of 27 pounds between steer and heifer
weights at weaning was in general agreement with results
reported by other workers. Koch (1951) found that steers
averaged 13 pounds heavier than heifers at 176 days of age.
These steers were the cull maless of a pursbred herd. The
author concluded that this, along with the fact that the
steers probably had not sufficiently overcome the sebback
caused by castration, resulted in a smaller sex differenae
than normally would be observed, Koger and Knox (19L5a)
reported that steers averaged 32 pounds heavier ab 205 days

of age than helfers. Rollins and Wagnon (1$56) reported
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that steers aversged 31 pounds heavier than heifers in a
herd maintained at a high nutriticnal level, while the sex
difference was only 18 pounds in a herd on s low level of
nmutrition, This indicates that the more extreme sex differ-
ences might be partially due to varying levels of nutrition,
but sufflicient data are not avallable to make a definite
statement. Most reports indicate that the difference
between steers snd heifers in range herds is near 25 pounds,
which compares favorably with the 27 pounds found in this
study.

Corrections for welght differences assoclabed with
variable ages of dams were made by correcting the calf
weights of esach age of dam %o the average of all ages, The
deviation of the average of each group from the weighted
average of all groups was added to, or subtracted from, the
weight of each calf In lts respective age of dam group.

Appropriate correction factors for age of dam effects
wore difficult to obtein in this study because cow age
groups were not represented equally within years, and not
all age of dam groups were present each year, Cow ages and
yoars were completely confounded in two projects. Although
age of dam influences could not be evaluated In these two
herds, correction for the effects of years sutomatically
removed the effects of different ages of dam at the same
time., In project 526~8, cows four and ten years of age had
celves in only one year. It was thought that the method of

comparing calfl weights of these cows with the records made



by cows of other ages in the same year would provide the
most logical correction for age of dam effects in that herd,
In this group of cows, the period of maximum production was
from six ﬁhrough ten years of age for both ll2-day and 210-
day calf welghts, The actual peak of production was at ten
years and nlne years for weights at 112 and 210 days,
respectively.

Calf welght records were avallable from cows which
varied from two through nine years of age in project 670.
The period of maximum production was betusen four and eight
years of sge based on calf welghts at both standard ages.
The actual peak of production was at seven yearé of age for
112-day weights and eight yesrs for 210-day weights. In
thie project, age of dam effects on ll2-day welghts were
between one-~half and two~-thirds the size of those at
weaning. At both ages, the correction factor for a three-
vyear-0ld cow was about one-thérd the size of that for two-
year-o0ld cows, while the nine}year-eld correction factor was
about two-thirds the magnitude of that for cows two years of
age. Less confidence can be placed In the averages of the
young and eold ccws than in those of cows in the intermediate
age range siﬁce the former contain only a small number of
records,

These age-ol-dam differences may not be the same for
cows under envirommental conditions differing from those in
the present study. However, the production curves cbtalned

here were in general agreement with those found In previous



studies, DBotkin and Whatley (1953) reported that ten,
eleven, and twelve~year-old cows produced heavier calves at
weaning than cows of some younger age groups but attributed
this high level of production in older cows to chance in
sampling, The age of peak production for beef cows, based
on weaning welights, was reported to be six years by Kuaapp ob
al. {1942), seven years by Knox and Koger (19h52) and
Burgess et al., (1954), and elght years by Sawyer ot al.
(1948). The apges at which the calves were weaned varied in
these reporbs, and the averages of the different age groups
wore not direcﬁly compareble, However, they did indicate a
definite influence of age of dam on productivity based on
weaning weights of calves,

Correctlon factors used to adjust woights of calves for
the effects of yearly varlation were computed from the data
to which they were to be applisd. The confounding of age of
dam with years in the two projects, and the climetic varia-
tion within and among yoars at the threc locatlons were
expected to make year effects markedly different for the
four herds,

In each herd, year variations had a much more
pronounced effect on calf welghts at 210 days of age than at
112 deys of age. This Indicates that seasonal variatlons
within years were present and had thelr greatest influence
on 210~day welghts. This seasonal varlation was probably
the result of the unusually dry end hot late summers which

have occurred during the last three vyears included in this



&L

study. Welght records for calves at 112 days of age, which
were not confused by the interaction of year and age of dam,
required 1ittle; it any, adjustment for year dilfferencaes,

If cous are compared on the basis of records made in
the same year, no adjustment i1s necessary. Welghts need be
adjusted for yearly variatlon only when cows are comparsd on
the basis of one or zeveral reocords made in different years,.
If about the same mumber of females go into the herd each
vear as replacements, there should be no confounding of age
of dam and yesr as was encounbered in this study. This does
make it necessary, however, to make some adjustments for
both age of dsm and yoar eoffects when comparing cows of
different ages which have produced calves in different
vears,

For the purpose of this study, adjustments for the
effects of treatment and line of breeding differences wore
nade on an intra-herd basis by correcting the weights of all
calves 1in each 1bt or line te the average of all groups in
each herd. Group averages were obtained after the welghts
had been adjusted for the offects of age of calf, sex of
calf, age of dam, and years., Although the various troat-
ments to which the cows were subjected might be considered
good in range herds, significant differences were found
between lots for both the 1ll2~day and 210-day weights.
However, lot and line differences were not expressed to as
great an exbent in 112-day welghts as they were in weaning

welghts, In each herd, group differences for the earlier
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welght woere sboub one-nalf the size of the differences at
210 days of age. For thefmost part, cattlemen compare the
production of cows that héve been handled under similsr
metheds of menagement and have had access to the same kind
of feed. In that case, treatment differences are nob
encountered, I cem@arisons are made between cows which
differ markedly in breeding, the producer might wish to
determine the extent ol these line differences as a basis
for family selection,

Botkin (1952) found significant differences between
treatment groups at weaning. {owever, adjuatment for these
effects reduced the verlance between calves by the same cow
and the variance between cows to nearly the same extent,
making little change in the repeatabllity estimate. His
final analysls wes on weights which were not corrected for
treatment differences. If the welghts of calves produced by
cows in each group were permanently influenced by treatment
effects, the repeatability estimate would be blased upward,
It was thought that the method used in this study removed
the major portion of any treatment effects that might have
permanently affected adjacent records of the same cow,

Although the adjustments made in thls study do not
necessarily represent the most accurate corrections
possible, the procedures may be used by catilemen whose
herds are handled in & menner similar to those in this

study. The intelligent applicablon of the proper correction
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factors should make selection for wmothering ability more
effective then if no adjustmants wore made,

The repeatability of calf weights is that portion of
the total variastion between corrected calf weights which may
be atbributed to permanent differsnces between cows., The
f@mainiﬂg fraction of the variance betwoen weights is due to
temporary circumsbtances which have varilable effects on
different records made by the same cow. An ecstimate of
repeatability describes the population from which it is
computed and may not be applicabls to herds of different
breeding or those handled wunder different climatic condi;
tions or systems ofimanagement.

The highor the repeatability of the trait, the more
accurately producing abllity cean be predicted from a single
record. When the repeatability of a trait is low, 1t may
require an average of several records to estimate the real
producing ability of an individual cow.

Lush (19&5) states that the "most probable producing

ability of the cow

nr x (her average record) + (1-f%ri'(nr)

(L-r) + (nr)

i

% (the herd average)."

In the equation, n is the number of records, and r is the

repeatability of the tralt in question., The fraction

K&jf%E_TTm shows how much confidence can be placed in the
(n=1)r
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cow's average as an Indication of her real producing
ability, Table XXII (from Lush, 19LT) shows the progress
that can be made by sselection for btralits with different

values of repeatabllity and with varying numbers of records,

TABLE XXIX

PROGRESS WHEN SELECTING BETWEEN ANIMALS WITH n
REGORDS EACH, AS A MULTIPLE OF THE PROGRESS
WHICH COULD BE MADE BY SHLECTING BETWEEN
THEM WHEN THEEY HAD ONLY ONE RECORD BEACHIL

2 1.35 1.29 1l.24 1,20 1,15 1.12 1,08 1.05 1.03

3 1.58 1.6 1,37 1.29 1.22 1.17 1,12 1.07 1.0L
L 1.75 1.58 1.5 1.35 1.26 1.20 1.1y 1.08 1.04
6 2,00 1.73 1.5 1.1 1,31 1.22 1,15 1,10 1.0k
10 2,29 1.89 1.6 1.47 1.35 1.25 1.17 1.10 1.05

r = repeatability of the trait
n = number oi ?ecords fgr”each_animal

1Lush, Jay L. 1945. Animsl Breeding Plans. p. 175.

Estimstes of wrepeatabllity of ealf weights obbtained in
the present study indicate that about 30 per’cent of the
variation in calf weights at both 112 and 210 days of age
may be attributed to permanent differences between cous.
Estimates obtained by the regression of all subsequent
records on the first record were slightly higher than those

obtained by the intraclass correlation method. This might
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indilecate that the firast record predicts future production a
bit more reliebly than latter single records. Actually,
confidence intervals of the Intraclass correlation coeffi-
cients cover all estimabtes, Indicabting no real differences
among the repsatability estimabes obtalned at the two ages.
Botkin {1952) observed that the repeatability estimate for
weaning weight was higher when obtained from the regression
method than that determined from an intraclass correlation
coefficient, Gregory et al., (1950) found a higher correla-
tion between first and second weaning weights than between
first and third or second and third weights. Similar
rosults were reported by Koger and Knox {(1947).

The repeatability estimates of .29 and .35 for ll2-day
weights obtained from the pooled data are in close agreement
with the estimate of .3l reported by Rollins and Guilbert
(1954) for growth from birth to four months of age. The
cows in thelr study were malntained on irrigated pastures
the greater part of the year, while those in the present
study were handled under range conditlons. Rollins and
Wagnon (1956) concluded that different levels of nutrition
did not appreclably affect repcatabllity estimates, although
it did affect the average performance of the two herds
studied., For weaning welght, repaatability estimates of .32
and .3u_are lower than wogst estimates reported by other
workers, Rollins and Guilbert (1954) reported the repeata-
bility of 2L0-day weight to be .48, Hepeatabllity estimates

of wsaning weight have been reported to be 49 by Koger and
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Hnox {1947}, .52 by Koch (1951), .35 to .50 by Gregory et
al, (1950}, and 13 and Q9 by Botkin and Whatley {1953).
Koch and Clark (1955a) reported the repeatsbllity of 182-day
weaning weights and gains from birth to weaning to be .34,
which is gquite compsrable to the estimates obtalned for
weaning weight in the present study,

Selection for cow productivity is directed toward
inereasing the average weaning weights of the calves, since
that is the time when e majority of the calves are sold,
Therefors, the value of culling cows on the basis of 1l2-day
calfl welghts depends largely on the relationshlp of weights
at 112 and 210 days of age.

The correlation coefficlent between 112 and 210-day
weights of the first calves, as caleulabed from the pooled
data, was .Th. The correlation bebtwesn the avorage ll2-day
weights and th@'averag@ 210=~day weights of all calves
produced by the same cow was .86, This high relationship
between weights at the two ages was demonstrated by dividing
all cows into high and low producing groups based on tho
112-day weights of their first calves., It was Ffound that 80
per cent of the cows remained In the same high or low groups
when they were sorted on the basis of the 210-day weights of
thelr first calves. It was eoncluded that the cows which
have the heavier calves at 112 days of age usually will have
the heavier calves at 210 days of age. Rollins and Guilbert
(195L) reported that the correlation between growth from



birth to four wonths of age and 2L0-day weaning weights of
calves by the same cow was .91,

From Table XXII, it may be seen that progress by selec=-
tion for a trait with the repeatability of .30 would be
increased by approximately 25 per cent by the inclusion of
the second record, The addition of more records would
inerease the accuracy in predlcting future production, but
to a decreasing extent for ea@h additional record.

The value of inecluding the second or later records will
depend, to some oxtent, on the amount of culling which can
be practiced. In most bresding herds, mueh of the selection
emphasis must bs placed on factors other than productivity.
A large percentage of the heifers dropped each year must be
saved for replacements. Therefore, since only a small
number of cows can be culled;on the basis of productivity
alonas, the poorest producers could be culled after the first
record with 1little danger of culling the cows above average
in productivity,

If the repeatability estimates obtained from these data
for weights at the two ages may be assumed equally reliable
for appralsing cow productivity, the breeder can cull the
very low producing cows on the basis of 1l2-day calf woights
without reducing the effectiveness of selection. This would
permit flexibility of menagement procedures which could
rosult in more effectivevs&l@ctiom and more economical
production in some herds. The resulteg of this study indi-

cate that 1l2-day welghts are not influenced as much by
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seasonal variations or by differences bebween bull and steer
calves as 210~-day weights, allowim¢ more accurate
comparisons between welights at 112 days than at 210 days
when no corrections are made for these eoffects,

The bresder might desilre toc reduce the size of the herd
during wnfavorable grazing seasons, or he might wish to
market cull cows before the calves are weaned., The lowest
producing heifers could be culled on the basis of their
filrst calf's weight at 112 days with little fear of culling
the best producing cows., If older cows are culled at the
sapne time, the breeder could use the 1ll2-day weights of
their celves if no earlier welght records were avallable
upon which to wake a deeision, However, 1f two or wmore
sarller records weré available for the older cows, an
average of these probably would be of more value in
appralsing productivity than a single 1l2«day weight in view
of the degree of the repeatabllities Iinvolved,

Some breeders might wish to segrégate the cull cows and
thelr calves from the breeding herd sarly in the summer
bassd on the lla-davaeights of their calves. The calves in
the cull group might be handled differently to prevent
cconomic losa often encountered in the marketing of stunted
calves., Purebred breeders who creep feed all calves mnight
find the 11l2-day weights of more value in eppraising cow
productivity. The easrlier weight is useful for appraising
differconces in cow productivity in those herds which produce

calves bthat are sold esrly in the suckling period Tor veal.
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Of importance, also, is the fact that the standard age
of 112 days may be bracketed with welghts from vwhich age
corractions may be obtained, The adjustment of calf weights
by thelir individuesl avorage daily galns during that period
appears to be more accurate than the age intercept method
for welghts boyond 30 days either slde of the standard ago.
Therefore, this method of standardizing welghts to a common
age would have its greatest advantage in those herds in
which ealves are dropped over a period of several months.

The results of this study do not give evidence that
112-day weights more accurately measure differences in
milking abllity than 210~dsy welghts, although it 1s
possible that the earlier records do contain more of the
maternal eoffects then those st wesning,

Repeatabillity and heritability can be directly compared
only if estimates have beon obtzined from the same data. o
heritabllity estimates wers made In this study. Gregory et
al., {1950) obtained heritability estimates for weaning
welght which were higher than repeatability estimates from
the gsame data., Koch and Glark (1955a) found that the
heritabllity of weaning welght was .2, as compared to the
repeatability of .3 determined from the same data. Knapp
and Nordskog (1946) obtained heritability estimates for
weaning welghbs of .12 and .30, as determined by the lntra-
sire correlation and the sire--offspring regression,
respoctively. The herltabillity estlmate reportod by Knapp

and Clark (1950) was .28. Other heritebility csztimates



ranged from .23 to 11 for weaning weight, es reported by

Shelby et al, {1985) and Koech and Clark (1955b).



SUMMARY

The purpose of this sbudy was to determine the value of
uslng weights of calves at 112 days of age, as compared to
210=-day welghts, to estimate the productive ability of range
beef cows. The accuracy of predicting 210~day welghts fron
welghts at 112 days of sge for the samec calves also was
determined,

Data wers obtained from four herds maintained at three
locations, Aﬁalyses were made on an Intra-herd basis and
the data were pooled when possible. The investigation
ineluded weights near 112 days of age for 1,110 calves
produced by 303 cows and weanlng weights for 1,151 calves
produced by 301 cows., Only cows which had calved at lesast
twice during the period from 1950 through 1955 weré included
in the analyses.

The average age at which llZ~day weights were obtained
was 110 days with a standard deviation of 15 days. The
average unadjusted weight at this age was 279 pounds with a
standard deviation of 112 pounds. The averége age_at veaning
was 208 days with a standard deviation of 19 days, while the
average weaning weight was 45l pounds with a standard
deviation of 65 pounds. |

The effects of seversl sources of variation on calf

weilghts at the two ages were studied, and correction terms

oL
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were used to adjust cali weights for these differences.

Weights were adjusted to the standard ages of 112 and 210

#

N

days by use of the age intercept method. Corrections were

made for the effects of sex of ecalf, age of dam at calving,
years, and treatment or line of breeding differences,

Welghts of helfer calves were adjusted to the bull
equivalent weight in the purebred herd by the addition of 18
pounds to age-adjusted 11l2-day weights and the addition of
38 pounds to age-adjusted weights at 210 days of age. Steer
calves averaged 1Y% pounds heavier than heifers at 112 days
of age and 27 pounds heavier at 210 days of age in the grade
herds. Weights were adjusted for the effects of age of dam,
year, and treatment or line of breeding by correcting the
weights of calves in each group to the average of all groups
oen an intra-herd basis.

Repeatability estimates for weights at the two ages
were determined from the pooled data of the four herds by
the intraclass correlation and the regression method of
analysis.

Repeatability estimates obtained for weight at 112 days
of age were .29 and .35, as determined by the intraclass
correlation and the regression methods, respectively.
Estimates obtained for weights at 210 days of age were .32
by the intraclass correlation and..34 by the regression
methods. The correlation between weights at 112 days and

210 days of age for calves produced by the same cow was .86.
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The vesults of this study indicato that repeatabilities
of weights at the two standard ages were not appreciably
different and that a portion of the cows producing the
lightest calves at 112 days of age may be culled from the
herd with 1ittle fear of culling cows which'have'averége or
above average ability to produce heavy calves. The high
correlation bebween 1ll2-day weolghts and welghts at 210 days
of age indicates that, with few exceptions, cows having
heavier calves at th@'earlier age produce heavier calves at
210 days of ago.

Under certain management conditions, selection for cow
productivity on the basis of 112«=day call weights may have
an economic advantage over selection based on the weights of

the seme calves at 210 days of age.
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APPENDIX TABLE I

AGE AND WEIGHT RANGES OF UNCOHREGTED
DATA BY PROJECTS

Project B0 BB0 _—Boh.E ———Cobo
Standard _
Age (days) 112 210 1lz 210 il2 210 112 210

Age Range
{days) 1y w2 96 105 68 95 6L 103

Weight :
Range (ibs,) 300 365 300 38y 180 270 10 290

APPERDIX TABLE II

COVARIANCE ANALYSIS OF UNADJUSTED DATA FROM
PROJECT 650 NEAR 112 DAYS

soweos  pr. gmiE  smw  omy
Total 195 102,502 170,605 852,898 1.56
Subclass 79 21,890 10,511 254,680

Lots 7 2,282 15,72 23,127

Years I 5,060 ~12,430 111?6u6

Sex 1 | 2 '252 26,21&

LxY 28 8,211 1,82 67,473

xS 7 589 -11,199 13,775

s b Ler Lm o o

xS 28 L,059 14661 11,93

Intraclass 416 80,702 160,094 598,218 1.26




APPENDIX TABLE IIT

ANALYSIS OF COVARIANCE OF CALF WEIGHTS
WEAR 112 DAYS OF AGE BY PROJECTS

101

S@ggcé,‘ ‘D;F. :£§$§,  v _ ;2£v2‘ B
Broject 670 |
Total 253 ol ,176 157,288 745,031 1.67
Subclass 83 55,5&6 50?727 AOB,OBA _
Intraclass 170 38,630 106,561 336,947 2.76
| Projeect 650 - .
Totel 495 102,802 170,605 852,898  1.56
Subclass 79 21,800 10,511 25,680 _
Intraclass L16 80,702 160,09L 598,218 1.26
» Project 5263 |
Tobal 230 26,902 30,582 2hh,107  1.1h
Subclass 91 12,617 9,256 116,828 ,
Intracless 139 1,285 21,326 127,279 1.9
Total 157 22,625 30,36 162,809 - 1.37
Subelass 35 5,0l 9,519 63,876 o
Intraclass 98,933 1.19

122

17,581 20,845




APPENDIX TABLE IV
ANALYSIS OF COVARIANCE OF CALF WEIGHTS

NEAR 210 DAYS OF AGE BY PROJECTS

105

Source DF. £ Sxy S50 B
Project 670
Total 254 129,069 268,806 1,686,406 2,08
Subelass 88 71,476 140,169 1,059,934
Intraclass 166 575993 128,637 626,472 2,23
Project 650
Total 54 181,015 246,959 2,083,356 1.36
Subclass 87 37,629 59,848 900,985
Intraclass 457 143,386 187,111 1,182,371 1.31
Project 526-8
Total 230 52,680 68,464 577,639  1.30
Subclass 1 23,536 39,582 337,602
Intraclass 139 29,1kl - 28,882 240,037 <99
Project 526-W
Total 152 65,319 90,656 568,806 1.39
Subclass 35 13,943 12,466 283,581
Intraclass 117 285,225 1.52

51,376

78,190
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APPENDIX TABLE V

ANALYSIS OF VARIANCE OF ADJUSTED
112~-DAY WEIGHTS BY PROJECTS

Project 670
Total 228 280,199
Between cows 76 152,015 2,000 g% + 2.97 ¢%c
Within cows 152 128,18 843 0’2

Eroject 6950
Total 1193 519,018 _
Between cows 108 230,569 2,135 0’2 + 14.55 g2
Within cows 385 288,449 9 026

Eroject 526=5
Total 231 149,230
Between cows 61 60,843 997 0'29 + 3.74 a'2c
Within cows 170 88,387 520 g2

Project 526-W
Total 15, 99,029 _
Between cows 5l 58,012 1,07k o2e + 2.88 a%c
Within cows 100 41,017 L10 0’2
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APPENDIN TABLE VI

WEIGHTS BY PROJECTS

LYSIE OF VARIAUCE OF ADJUSTED 210-DAY

107

Ol

~Tlean ‘

Sourcs R.E.  Sun of Bduaros Sduarc Hstimate of:

Project 670
Total 229 607,252 4
Between cows 75 32k, 10 L, 322 7% + 3.02 ofe
Within cows 15k 283,112 1,838 o2

Project 5%0
Total sShe 1,055,53L _
Botween cows 110 Q96,?59 h,536 0‘26 + 11,90 v e
Within cows 132 556,575 1,208 &%

Project 526-5
Total 231 348,752 | |
Between cows 61 165,0&8 ,2,706 g{go + 3.7h d%o
Yithin cows 170 183,70l 1,181 %

Project 526=i
Total L5 188,723 |
Between Cows 51 109,722 2,151 %6 + 2.81 g%
Within cows 79,001 o %




APPENDIX TABLE VII

ANATYSIS OF ERAORS OF ESTIMATE FROM AVERAGE REGRESSION WITHIN HERDS AND
POOLED REGRESSION COEFFICIERT OF WEIGHT ON AGE NEAR 112 TAYS

M.
670 170 . 38,630 70,660  3L0,186  1.83 210,938 169
650 16 79,702 100,09L 594,218  1.26 168,515 115
5265 139 1l,285 21,326 127,279  1.49 95,442 138

526wl 122 17,581 20,845 98,933  1.19 74,218 121

Pooled 87 150,198 212,925 1,160,616  1.h2

Deviations from Averzge Intrsclass

Regression within Herds . 858,767 8hé

Teviations from Individual Herd ) _ '
hegression 809,113 Bl 1,007.3
Differences Between Individual Herd .
Regresssions : 9,65k 3 3,218,007

% probability of chance oceurrence less than .05,

goT



APPENDIX TABLE VIII

ANALYSIS OF ERRORS OF hSTIHATE FROM AVERAGE REG?ESSION WITHIN HERDS AND POOLED
REGRESSION COEFFICIENT OF WEIGHT ON AGE NEAR 210 DAYS

~Thtracinss bums of Squsres and Products " S Trrors nggstimate'4 7
Project D.F. _Sum x2 Sum xy Sum y° b Sums of Squares . D.F.  M,S.
670 166 57,593 128,637 626,472 2.23 339,15% 165 o
650 y57 143,386 187,111 1,182,371 1.31 - 938,201 456
5268 139 51,376 78,190 285,225 1.52 166,226 138

526-4 117 29 41l 28,682 240,037 .99 211,415 116

Pooled 879 281,499 422,820 2,334,105 1.50

Deviations from Average Intraclass ,
Regression Within Herds 1,699,017 878

Deviations from Individual Herd , .
Regressions 1,654,996 875 1, 89l.w

Differences Between Individual v ‘ o e
Herd Regressions : _ 4k, 021 A 3 1k, 653 e

o Probability of chance occurrence less than .0l.

60T



APPENDIX TABLE IX

ANALYSIS OF BERRORS OF ESTIMATE PROM AVERAGE REGRESSION WITHIN HERDS AND
POOLED REGRESSION COEFFICILNT OF WEIGHT ON AGE NEAR 112 DAYS

Intraclass Suns of Souares and Products Errors of Fstimate

Project  D.F. Swnx-  Sum xy  Swmy L Sums of Squsres D,F., .S,
550 b6 . 79,702  100,09L 594,218 1,26 468,815 L1g
526~ 139 1L,285 21,326 127,279  1.49 95,4k2 138

526wy 122 17,581 20,845 98,933 1,19 Th,218 121

Pooled 677 111,568 12,265 - 820,30  1.28

Deviations from Aversge Inbtraclass
Regression Within Herds 639,022 676

Deviations from Individusl Herd ‘ 'F
Regreossions 638,175 67l 9h6.8

Differences Between Individual
Herd Hegresssions

oo
=
-3
Y
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W
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‘ APPENDIX TABLE X
AWALYSIS OF ERRORS OF ESTIMATE FROM AVERAGE ﬁEGRESSIQN WITHIN HERD

POOLED REGRESSION COEFFICIENT OF WEIGHT ON AGE NEAR 210 DAYS

.;IntfaclaSSVSums_sﬁ-%fuaies § 6.?roéu¢té‘;

Aﬁrrorswofmbstlmatem,

5,273

Ff@;ect DeFe  Sum xF . Suw Xy Sgﬁ;v~” b, Sums'bf Squeres . D.F, I, S..“‘“”
650 457 143,386 187,111 1,182,371 1.3l 38,201 L56
526-8 139 29,1k 28,882 240,037 .99 211,h15 138
526w 117 51,376 - 78,190 285,225  1.52 166,226 116
Pooled © 713 223,906 - 294,183 1,707,633 1.31
Deviations from Average Intraclass o )
Regression Within Herds 1,321,115 712
Deviations from Individual Herd , 3
Regressions 1,315,8h2 710 1,853.3
Differences Between Imdividual | o
Herd Regressiong 2 . 2,636,5

1T



VITA

Charles Dale Hoover
Candidate for the Degree of

Master of Seclencs

Thesgig Title: PRODUCTIVITY OF BEEF COWS AS APPRAISED BY
CALF WEIGHTS AT 112 AND 210 DAYS OF AGE

Major Field: Animal Breeding

Bicgraphical:

Perscnal data: Born at Perryton, Texas, November 6,
1932, the son of Charles A, and Ferole Ann Hoover,

‘Education: Attended grade school in Perryton, Texas;
graduated from Perrybon High School in 19503 and
received the Bachelor of Science degree from Texas
Technological College, with a major in Animal
Husbandry, in May, 195,

Mewber of Alpha Zeta, Sigma Chi, and Phi Bta Sigma.

Date of Final Examination: May 1L, 1956,



