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INTRODUCTION

It would be desirable and economically valusble if selection of
beef calves could be made at an earlier age (three to four months)
than the normel weaning age of six to eight months. Bull prospects
and steers could be started on their respective treatments at earlier
ages. Replacement heifers could be selected earlier and those not to
be kept could be handled as feeders, sold as veal, or disposed of as
management saw fit.

Selection can be thought of as (1) natural and (2) artificial.
Natural selection favors those geneti:c combinations v’ihich can get food,
reproduce, and be more or less self sufficient without controls, or
restrictions placed on them by man. Under artificial selection, man
places controls on those genetic combinations he would like to save by
letting only those animals selected by him mate and produce offspring.
Artificial selection is the tool which has been effectively used to
change populations in the way man has wanted to in order to contribute
to his well being.

The earlier methods of selection used have generally been based
on phenotype. This is selection based solely on the appearance of a
trailt or traitg of an individual. Gradual progress is made by selecting
on phenotype alone; however, many fine looking animals have done little
to improve the race or breed.

Selection as practiced todsy, does not place the mephasis on the

individual's phenotype or ancestry alone, although both are usually



teken into consideration. Instead, much emphasis is being placed on
progeny testing of beef cattle and in this way the genotype becomes

a larger part of the basis for selection. When in_dividuals of the
desired kind are produced as offspring, their parents are selected

fér breeders. All of this takes time and the earlier it can be
determined which animals produce the most outstanding progeny, the
more genetic progress can be realized from their selection as breeding
stock.

The heritebility of a trait or traits determines the effective-
ness of selection in mgking genetic improvement. The genetic and
phenotypic correlation coefficients are necessary to estimate how a
change in one trait will affect another trait. The envirormental
effects are not genetically controlled, passed from parent to offspring
and therefore, phenotypic selection can be misleading, causing the re-
tention of animals which do nothing to improve the population. The
smount of progress realized from breeding work will depend to & large
extent upon the sbility to pick for reproduction individuals that are
not only phenotypically but also genotypically superior to others in the
population.

Selection is one of the most effective and powerful tools available
for use by the breeder. By selection, the breeder picks certain indi-
viduals which represent a restricted portion of the variance associated
with the group from which they came. "The animal is the smallest unit
which the breeder can select or reject, therefore, progress by selection

is slower than if selection could be gene by gene." (Lush, 1945)



The obJectives of this study were:

l. To evaluate growth rate and type of beef calves at 120 days
of age (Mid-summer) as predictors of growth rate and type at
210 days of age (weaning).

2. To estimate genetic parameters and relationships emong growth
rate and grade at different ages in beef calves.

3. To compare the performsnce of beef calves of different sexes

at several ages.



REVIEW OF LITERATURE

The importance of evalueting the breeding potentialities of
domestic animels at an early age has long been recognized by live-
stock breeders.

Most studies on the effectiveness of selection of beef calves
have been concerned with selection at weaning with little or no
emphasis on its effectiveness et earlier ages. However, using
phenotypic resemblances, Rollins and Guilbert, (1954) studied the
relation between the calf's rate of growth from birth to four months
of age and its 240-day weaning weight. They found correlations
ranging from 0.62 to 0.91 for these periods and concluded that the
early performance of the calf could effectively be used as & part
of a system for selecting repla;cement cows.

Hoover et al. (L956) in a cow performence study with 1,110 calves
found cow repeatebility estimates measured by calf weights at 112 days
of age to be 0.29 and 0.35, as determined by intraclass correlation and
regression methods, respectively. They found estimates for 210-day
weights to be 0.32 by intraclass correlation and 0.3k by regression
method. They also found a correlation between weights at 112 days and
210 dsys of age for calves by the same cow to be 0.86 and concluded
that one could effectively cull cows for productivity based on calf
performance (observations) at a time earlier then weaning.

High et al. (1959) working with daily gein from birth to 120 days,
and from birth to weaning, of Thl beef calves from several locations and

yeers, found correlations between daily gain from birth to 120 deys and



‘da.ily gain from birth to weaning for all locations to be consistent

and highly significant. The pooled correlation within station, year,
age of dam, sex and between the daily gains of calves for these two
periods was 0.86 (P<.0l). They show the regression of daily gain from
birth to weaning on daily &in from birth to 120 days to be 0.73. Their
results indicate that gain from birth to 120 days hé.s a relatively high
predictive value with respect to daily gain from birth to weaning.

Dawson et al. (1947) studied birth weight as a criterion of selec-
tion in beef cattle, using data from 402 calves born as singles. 1In
this study, they found birth weight influencing the time required for
animals to attain slaughter weight. They suggest in view of their
results, that birth weight should be given some consideration in
selection. They found birth weight to be 28.9 per cent heritsble
celculated by paternal half-sib correlation on uncorrected birth
weights of 227 calves. When these same data were corrected for age
of dem, and sex of calf, the heritability of birth weight was found to
be 11 per cent.

In a beef cow performence study, Taylor (1960) found little differ-
ence between repestability of grade at 120 days and grade at weaning
in Hereford and Shorthorn calves. On the other hand, there was a
merked difference in the Angus, repeatability of grade at wea.nmg
being 0.07 as compared with 0.30 at midsummer. He elso reported
repeatebility estimates for daily gain from birth to 120 deys to

range from 0.24 to 0.59, and from birth to weaning to be 0.48 for

Herefords, 0.l44 for Angus end 0.34 for Shorthorns.
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. A, Environmental Effects

In evaluating the genetic merit of prospective breeding animals,
it is often necessary to el:lmipa.te s or adjust for, the effects of
various fixed envirommental factors, such as sex, year, breed, age of
dem, and season or month of birth. . A number of workers have pointed
out the need to evaluate the average effect of these varisbles in order
to show true individual genetic differences.

1. Sex Differences

Marlowe and Gaines (1958) have shown that sex of calf has
marked effects on growth ra.tc;, but little effect on type. Their study
indicated that bull calves grew about four per cent faster than steer
calves and steer calves sbout eight per cent faster than heifer calves.
Rollins and Guilbert (1954) found that bull calves gained .13 of a
pound more per day on‘the average than heifers from birth to four months
of age and were 68 pounds heavier at 240 deys. Koch (1951) adjusted
calf weights for the effects of year, age of dem, age at weaning, in-
breeding of calf, and inbreeding of dam, and found bulls averaged ik
pounds and steers 13 pounds heavier than heifer calves at weaning.
Burgess et al. (1954) report an adventage of 29 pounds in favor of
bulls at weaning when using weights corrected for year, ege of dam, sex
of calf, inbreeding of calf and dam, and age of calf at weaning. Koch
and Clark (1955) found en advantage of 26 pounds in favor of steers over
heifers in a study of a large number of calves over a 25-year period.
Gregory et al. (1950) showed thet bulls weigh more than heifers by as

much as 1b pouné.s at weaning. Woodfolk and Knapp (1949) showed a



difference of 28 pounds between bulls and heifers in favor of bulls.
McCormick et al. (1956) showed bulls outweighed heifers by 38 pounds
at 210 days of age in Polled Hereford cattle.

Pahnish (1958) reported bulls significantly heavier than heifers
at a weaning age of 270 days. Nelms (1956) showed no apparent direct
effect of sex on rate of suckling gain. This would tend to make
average suckling gain equal in bulls and heifers after removel of the
birth weight effect. Dawson and co-workers (1947) found that male
calves were four to five pounds heavier than femsle calves at birth.

Delmen and Bogart (1952) found a significant sex difference in
rate of gain. Between 500 and 800 pounds the average daily gain wes
2.3 pounds for bulls and 2.0 pounds for heifers.

Smith and Warwick (1953) showed Hereford bulls differed from
heifers by 36 pounds and Aberdeen-Angus bulls differed from heifers
by 31 pounds. Brown (1958) showed somewhat greater differences be-
tween bulls and heifers emounting to near 100 pounds with Berefords
and 67 pounds in Angus.

There have been to date, no reports which show any significant
difference in weanling type due to sex. Koch and Clark (1955) found
that difference in weaning type due to sex weas negligible.

2. Breed Differences

Gerlaugh et al. (1951) found calves from Angus cows averaging
as much as 60 pounds more than calves from Hereford cows at weaning with
average daily gains of 1.80 pounds for Angus and 1.48 pounds for Here-
fords. Creen and Buric (1953) found no breed difference in gain of calves.



There has been little published on the comparison between pure
breeds of cattle for effects due to breed on average daily gain or
type score. A few comparisons for breed differences have been made

between the pure and crossbreeds for these traits.

3. Year Differences

It hes been necessary for research workers, dealing with
date covering a number of years, to adjust for year to year differ-
ences. Some have corrected for year differences by analyzing the
data within years and pooling the resulting estimates. Others have
used the method of fitting constants to adjust for the average effects
due to years.

Marlowe and Geines (1958) pooled their data over years and con-
sidered year differencesﬂto be non-significant. Shelby et al. (1955),
working with date collected at the U. S. Range Station, Miles Ci:ty R
Montens, stated that relatively lerge year differences exist for most
production characteristics, and they should be considered when select-
ing breeding stock. They showed that weaning weight varied greatly
between years. Stonaker (1958), working with the calf records at the
Beef Cattle Research Station, Fort Lewis, Colorado, reported the
effects of year differences on weaning weight to range from -2k.10
pounds to +19.71 pounds, expressed as deviations from the mean over a
six year period. Burgess et al. (1954) showed years to have a highly

significant effect on weaning weight of calves.
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Lk, Effect of Month of Birth Differences

It was shown by Marlowe et al. (1958) that season of birth was
an important source of variation on growth rate. In a study of approxi-
mately 4,000 calves of three breeds » they concluded that calves born
during August through December grew a:i: sbout 0.2 of a pound per day
slower than those born during February through May. There was little
difference in the average type score of calves born during the period
November 1 through March 31. They showed a slight decrease in type
score of calves born during April and Mgy. Calves born during June
through October graded somewhat lower (one third of a Federal grade) than
calves born during November through Ma:;'ch. They also found that ‘honcreep-
fed" calves born during June through December grew sbout 0.l pound per
day slower than those born during February through May. In addition,
they showed that the season of birth was of little practical importance
on type score.

Peacock et al. (1956), at the Florida Station, studied weaning
weights from 673 calx;'es and concluded that calves born in winter
(December, January, and February) showed & highly significant differ-
énce from calves born in the spring (March, April, and May); the adjust-
ment was 14 pounds in favor of wintex" calves. Koch and Clark (1955) in
a study involving a large number of calves, most of which were,“bom
during the months of April and May, found that the calves grow at
approximately the same rate until weaning time. They showed the regres-
sion of aversge daily gain from birth to weaning on weaning age was -.Ok

pounds per dey. They also found the regression of weaning score on
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weaning age to be .01%.005 units per day, indicating that early
calves tend to score slightly higher than those born later in the
season. They used the U.S.D.A. scoring system and..Ol units per day

for 182 days is almost two thirds of a grade.

5. Differences Due to Age of Dam

Burgess et al. (1954) at Colorade found a peak in calf pro-
duction was reached when cows were six and seven years old. Cows
over ten showed a sharp decline and a wide difference was shown in
favor of cows over two years old in their ability to produce a live
calf. Stonaker (1958) reported that calves from cows two years old
and over nin€é years old were at a disadvantage to calves from cows
three to eight years old.

Koch and Clark (1955), working with data collected at the U. S.
Range Station, Miles City, Montana, studied the influence of age of
dam on weaning weight and weaning score. They found that both traits
increased steadily as age of cow increased from three to six years
of age and then declined slightly as the cow grew older. Marlowe and
Gaines (1958) found that the cows in the six to ten-year-old age
group gave maximum production. Xnapp et al. (1942) reported that
weaning weights of celves increased with age of cow up to six years
and then slowly declined. Knox and Koger (1945) showed that weaning

weights of calves increased until cows were seven years 0ld and then

began a slight decline.
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Brown (1958) indicates that calves from two and three year old
dams are distinctly lighter and smaller than cg.lves from older dams.
He showed no spparent decline in weight of calves from older cows as
has been reported in similar studies. His study included dams from
two to ten years of age. Baker and Quesenberry (1944), in contrast
to Stonaker, reported little if any trend in calf production with age
of cow. Sawyer et al. (1948) reported that two-year-old cows pro-
duced calves T5 pounds lighter at 30 weeks of age than those produced
by mature cows. Their date indicated that weening weights increased
with the age of dam through eight years. After that age, weaning
weights declined with the increased age in dem.

Dawson and coworkers (1947) reported an increase of .2 pound
of birth weight for each month increase in age of Shorthorn dems until
the dam was six ye'ars o0ld. In the report, correlation coefficient of
birth weight with age of dam was 0.45 for mele calves and 0.36 for

femele calves.

B. Heritsbility

Every characteristic is affected, at least to some extent, by
both hereditary and environmental factors. The phenotype of the
individual is the result of a long chain of interactions of the genes
with one another, with the environment, and with the intermediate
products at each stage of development. The term heritability expresses
the relative importance of heredity and enviromment in the determina-

tion of the phenotype. A number of methods of estimation of heritability
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have been developed. All methods are based on how much more closely
animals with similar genotypes resemble each other than do unrelated
animals. The genetic relationship expected between related animals
was first shown by Fisher (1918). Under random mating the expected
rela.tipnship between parent and offspring is one half, between full
sibs one half and one quarter between half sibs. The same values were
shown by Wright in 1921. .

The various methods for the estimation of heritability have been
reviewed by Iush (1948). The particular technique used will depend on
the nature of the trait and on the data available. Where records are
available on the parents and the offspring, regression of the off-
spring on either parent or on the mid-parental average may be employed.
When observations are available only on the offspring the estimate is
obtained from full or half sib correlations. 1In general, the closer the
relationship the more accurate will be the estimate of heritability.
Estimates based on relationships less than half sibs are of limited
value due to the large sampling error of the estimate. (Tush, 1948).

Estimates of & number of traits in beef cattie have been reported

in the literature. Those dealing with weaning and preweaning characters

are summarized in Teble 1.

C. Genetic and Phenotypic Correlations

Genetic and phenotypic correlations among traits prior to weaning
and weaning traits of beef calves have been reported in only a few

studies. Koch and Clark (1955c) reported an identical genetic and
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phenotypic correlation of 0.98 between rate of gain from ‘pirth to wean-
ing and weaning weight. They reported genet_ic and phenotypic correla-
tions to be 0.50 and 0.6L, respectively, between weaning weight and
type score. Carter and Kincaid (1959b) found e genetic correlation of
0.49 and a phenotypic correlation of 0.37 between weight at 182 days
and feeder grade at weaning. Iehmann (1961) obtained a phenotypic
correlation of 0.41 for daily gain with type at weaning and a genetic
correlation of essentially zero (.007) for these same traits. High

et aL (1959) showed a high correlation of 0.73 for average daily gain

from birth to 120 days with average daily gain from birth to weaning.

D. Rank Order Correlation

The author is not aware of any published work in which the relative
rank of beef calves within groups for a particular trait at different
times or periods was compared. If the correlation of rank order at
different periods is high, then the within groups, rank at an early age
(120 days) might be a good measure of the rank at a later age (weaning).
Selections might be made and calves weaned at an earlier age tﬁa.n the
usual six to eight months, as was pointed out by Green et g (1953).

If early selection were accurate and early weaning feasible, it might
be possible to get a performance test for rate of gain or other charac-

teristics earlier and thus speed up the process of selection of breeding

stock.
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SOURCE AND DESCRIPTION OF THE DATA

A. Production Data

The data used in this study were collected from the Angus, Here-
.ford, and Shorthorn herds at the Beef Cattle Research Station, Front
Royal, Virginia. The station is operated cooperatively by the
Virginia Agricultural Experiment Station and the Agricultural Re-
search Service of the United States Department of Agriculture. The
data for this study were taken from the calf crops born from 1950
through 1958 and involved 1,682 calves. These included 536 Angus,
556 Hereford, and 590 Shorthorn calves, all purebred.

The Shorthorn herd at the Front Royal Station was established by
transferring the herd of beef Shorthorns, about 100 cows, from the
United States Dep_a.rtmenf of Agriculture Research Center at Beltsville,
Maryland, to Front Royal in the winter 1948-49. This herd had been
maintained at Beltsville since the early 1930's and was bred as a
closed herd with two partially separate lines. This herd was there-
fore rather uniform in breeding. The Angus and Hereford herds were
assembled from a variety of sources during the years following 1948,
They were much more varisble in blood lines than the Shorthorns.

During the early years at Front Royal, the principle problem was
to obtain sufficient numbers of cattle to stock the station which
contains more than 4,000 acres. Most of the heifer calves were re-
tained for breeding, and the cows kept as long as they were service-

gble. There was, therefore, little selection practiced which would

effect this study.
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The experimental breeding plan for the Front Royal station is
designed to compare the progress to be made from mess selection with
that maede from developing inbred lines with eventual crossing among
them. It is planned that one-half of the animals will be in herds on
which mass selection is practiced and one-half in inbred lines or
families. TFour inbred lines of sbout sixteen cows in each of the
three breeds are planned, for a total of twelve lines. Two selection
herds of about thirty-two cows each will be established in each of the
breeds. Mass selection will be practiced for growth rate in one of
these herds and for type in the other herd of each breed.

The inbred lines and the selection lines are established as
rendom semples from the same populations. Four bulls of each breed
that have been found to be superior on performance and progeny tests
are designated as foundation sires. These bulls are bred to random
samples of outbred cows of the seme breed until 32 or more of his
daughters are available. A random one-half (16) of these daughters
are assigned at random, eight to the type selection herd and eight to
the growth rate selection herd. Thus, in each breed, there are four
inbred lines of 16 cows each and two selection herds of 32 cows each.

The foundation sires are used as herd sires in the inbred lines,

being mated to their daughters and granddaughters as long as they are

servicesble. When found unserviceable, a foundation sire is replaced

by an inbred son. Both male and female replacements are chosen from

within the inbred herd. Selection of replacements in the inbred lines
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is made on the basis of an index in which 50 per cent of the emphasis
is on growth rate and 50 per cent is on type score.

In the selection herds, female replacements come from within the
herd. Selection is on the basis of type score alone in the type herd,
and growth rate alone in the growth rate herd. Sires are replaced
annually in these herds; usually the replacement sires come from with-
in the herds at Front Royal. Each year from 40 to 50 bull calves,
selected from all the lines and he_rds on the station along with some
additional bulls purchased from purebred breeders, are placed on a
feeding test at the time of weaning. The bulls are full fed a fatten-
ing ration for 168 days. The bull with the highest type score within
each breed is selected as the type herd sire and the bull with the
fastest growth rate is selected as the herd sire for the growth rate
herd. Each is bred to approximately half of the females in the herd
each year for two years and is then replaced.

Several herds and lines are completely established, and some are
still in the process of becoming established. Progress was faster in
establishing the inbred and selection herds in the Shorthorn breed.
This was because the herd transferred from Beltsville had been main-
tained as a closed herd for several years. It was possible to divide
this herd into two groups of 32 cows each with any pair within a group
of 32 being the equivalent of half sisters or closer in relationship ,
but the two groups relatively unrelated. Thus, it was possible to

start the experimental project with two inbred lines and the initial
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contributions to the two mass selection herds were made much earlier
in the Shorthorn breed than in the Hereford or Angus breeds.

Except for the Shorthorn lines , most of the breeding activity
during the years covered by this study was directed toward per-
formance and progeny testing of bulls, the selection of foundation
sires, and the raising of 32 daughters of each of the foundation
sires. 1In 1957 and 1958, the Shorthorn and Angus inbred and selec-
tion herds were completed. These herds have not yet been esteblished
in the Hereford breed. During the years, 1950-1958, with the exception
of the two Shorthorn lines, relatively little inbreeding was done.
Random mating can be assumed in this study except in the Shorthorns.
The slight deviations from random mating in the other breeds are
believed to be relatively unimportant and should not invalidate results
obtained under this assumption.

In general, all three breeds were handled in the same manner
within a given year. Each year the calves were maintained on pasture
and milk from their dams, without supplemental or creep feeding. All
the calveé in this study were purebred.

All calves were weighed and graded at mid-summer (Fuly) and again
at weaning time (September). Data were availsble on calves ranging in
age from 40 days at mid-summer to 250 days at weaning; however, no calf
less than 80 days oid at mid-summer wes included in the analysis.
Federal-State standards for grades of feeder cattle were used as the

basis of the grading except that each standard grade was subdivided
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into thirds. Each calf was classified as being the upper, middle or
lower third of the grade. The grading was done by a committee con-
sisting of from five to seven representatives of the Animal Husbandry
Department of the Virgini_a Agricultural Experiment Station end the
Animal and Poultry Research Division of the United States Department
of Agriculture. Each grader worked independently in scoring the
calves and these scores were averaged to obtaln the grade of an

individuel calf.
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METHODS USED IN ANALYSIS OF THE DATA

A. Environmental Effects

The effects due to breed¢ sex, age of dam at birth of calf,
year and month of birth were considered fixed enviromnmental effects.
Since the data had unequal sub-class numbers (non-orthogpnal),
estimates of the envirommental effects were obtained, for the two
traits studied, by least squares analysis for multiple classifica-
tion with disproportionate sub-class numbers. The method was
developed by Yates (1934).

Each calf was classified in five different ways, according to
its sex, breed, year bornm, month of birth, and age of dem. It was
assumed that no appreciable interaction existed between these effects;
therefore, they were considered to be zero. Therefore, the mathe-
matical model was assumed to be:

Yijklm=# +aj + by +ck +dl + sp + €1kimn

where:
Yijklmn is a type score or average daily gain of a particular
calf
u is the general mean of type score or average daily gain
for all calves
ai is the year effect and i = l1.....9
bj is the effect due to breed end j = 1.....3

ig the effect due to month of birth and k = 1.....6

is the effect due to age of dem and 1 = 2.....1l
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Sm is the effect due to sex and m = 1.....2

€ijklmn is the effect due to an individual calf.

It was assumned that the €4 jklmn's summed to zero and had a like
variance (o2 ), and were not correlated. With these assumptions least
squares analysis could be applied.

The general multipl!.e regression system designed for the IBM
"Type 650" digital computer, as outlined by the Statistical Leboratory,
North Cerolina State College ; was used to invert the matrix and estimate
the parameters. In this procedure, one variable from each classifica-
tion is omitted in the original matrix and thus becomes the base from
which the remaining variables are expressed as deviations. The origi-
nal matrix is shown in Appendix A.

In this study, Shorthqrn bull calves from three year old dams,

‘born in February, 1955, were chosen as the base and all calves were
adjusted to this mean. This base was selectgd on the basis of numbers

in the classification and its position in relation to the unadjusted

means for each classification.

B. Estimation of Heritability

Tush (1948) defined heritability in both a broad and a narrow
sense. The functioning of the whole genotype is meant when herita-
bility is used in the broad sense. It is used in this manner when
contrasting hereditary with envirommental effects. The narrow defini-

tion of heritsbility includes as hereditary only the average (additive)

effects of the genes in a particular population.
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Heritability in the broad sense includes the non-linear gene
effects associated with dominance, epistasis, and interactions of
heredity and environment. 1In the narrow sense, these effects are
excluded form the fraction. Thus the two definitions are the same
only if the effects of dominance, epistasis, and hereditary-environ-
mental interactions equal zero.

Depending on the method used, an actual nuwerical estimate of
heritability is usually between the narrow and broad definitions,
almost always including a little of the epistatic variance and some-
times a little of the dominance variance. It may include all, part,or
none of the variance caused by the non-linear or joint effects of
heredity and environment. (Lush, 1948)

Heritebility in the broad and narrow senses may be expressed as
shown below:

Broad sense:

H G+D+1I
ne = =
P G+D+I+E+EH
Narrow Sense:
G G
w2 = =
P G+D+I+E+EH

where:

P is the observed phenotypic variance

H is the total hereditary variance

G 1is the genic or additive variance
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D 1is the variance due to dominance
I is the variance due to epistasis

EH 1is the variance due to the interaction between heredity
and environment

E 1is the environmentel portion of the variance.

Heritability estimates could not be calculated by the regression
of offspring on parent because observations comparsble to those taken
on the calves at midsummer and at weaning were not available on many
of the sires and dams. The method moqt suitable for the data available

seemed to be the correlation of paternal half sibs. The estimate is

obtained as:
4 o052
h?g? = —— (1)
082 + o2
where:

os2 is the component of variance for "between sires"

02 1is the component of variance for "between calves within
sires.”

The estimates of os® and o© were obtained from analysis of the

adjusted data. The theoretical relationship was shown by Fisher (1936)

and Snedecor (1946) and is shown below:

Expected M.S.
Between sire progenies 0@ + k,08°
Among calves within sire progenies >
Difference k082

Here, o , the component of varience among calves within sire progenies,

is expected to contain three-fourths of the additive genetic variance,
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all of the non-additive heritable variance s and the envirommental
variance. The sire component, os2, is expected to contain one-fourth
of the additive genetic variance. Thus the additive genetic variance,
0G®, is estimated as four times the sire component (4 0s2) end the
total phenotypic variance by the within sire pro‘gen'y variance plus the
sire component (0® + 0s2). The coefficient of the sire component, Koy
is the average number of offspring per sire.

In estimating heritsbility, the underlying principle is that the
observed correlation among relatives is divided by the known genetic
relatioﬁship among them. Under random mating the relationship among
half-sibs is one-fourth. (This is accomplished by multiplying the
numerator by .four in (1] above). In the present data, however, random
mating cannot be assumed in the two inbred Shorthorn lines estsblished
from the Beltsville herd, hereafter referred to as lines A and B.
Greater relationship than would be expected under random mating also
existed in the selection herds since they were established with groups
of half sisters.

An attempt was made to estimate the average relationship among
the Shorthorn calves in the study, as a measure of the deviation
from random mating. A complete covariance chart (Hazel) was con-
structed for calves in the inbred A line. The average half-sib rela-
tionship was estimated to be .41 in this line. The average relation-
ship in the B line was estimated as .33, using a random sample of calves

in the line. It was estimated that calves by the same bulls in the

gelection herds had a relationship of gbout .28; the estimate being based
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on the number of half sisters in the foundation sets used to establish
thlese lines. The Angus and Hereford herd were assumed to be randomly
mating populations since they had only recently been esteblished from
a fairly diverse foundation. Finally a weighted average estimate of
the relationship of all the calves across breeds of .28 was obtained.
This provides a value of 3.57 as the coefficient of the sire component
lgo ) in the numerator of (1) ebove. Heritability was therefore

estimated as:
3.570s>

W - ———— @)

0sZ + @
The number of calves per sire progeny, ko , was calculated after

Snedecor (1946) as:
Zk'ia

1
ko = n_l(mi-Ei——) (3)

where:

n is the number of sires

ki 1s the number of the offspring for the ith sire.

Heritebility is computed in the following wey: the difference
between the two mean squares (between sires minus within sires) divided
by ko and multiplied by four (in this study 3.57) gives the numerator
of the paternal half-sib formula. The expected mean square for between
sires plus the expected mean square for within sires (¢ + o0s2) forms
the denominator.

Te standard error of heritability as defined by Fisher (1936) and

extended by Hazel and Terril (1945) to apply to estimates from paternal
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half-sib enalysis was computed by the following formmula:

-

0*(0® + k 0.2)

Oherit, = M : ] (4)
( + 0,23/ (1/2) (k, - 1)k.n a

vhere:

Oherit. 15 the standard error of the heritsbility estimate

0%, 0,2, ky, and n are previously described.
Except, as before, 3.57 was used instead of 4 as shown in the above
formula based on the average relationship as calculated for use in

estimating the heritabilities.

C. Phenotypic Correlations

The degree of association among two or more variates may be
measured by the product moment correlation (Ostle, 1956).

The phenotypic correlations calgulated’in this study follow
the exact principles of product moment correlations. They were
expected to measure the extent to which any two traits studied vary
in the same or opposite directions.

The equation

ex,x, = ————— 5
B V2 2, &)

will give the degree of association where:
x4 is the sum for trait i
ig the sum for trait j
x2;  is the corrected sum of squares for trait 1
is the corrected sum of squares for trait §

rXyX; is the phenotypic correlation.
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The theoretical limits of the correlation coefficient are -1 and
1. A negative coefficient shows variation in opposite direction be-
tween the two traits and a positive one shows variation in the same
direction. The relative size of the coefficient indicates the

magnitude of varietion in like or opposite directions.

D. Genetic Correlations

Genetic correlations measure the joint variation of two veriates
due to additive or genic causes. In this study a genetic correlation
measures the tendency of any of the five traits taken two at a time
to vary in the same or opposite direction due to the same genes or
cambination of genes.

The genetic correlation may be expressed as the ratio of genic
covariance between the two traits and the square root of the product
of their genic variances. The formula may be written:

Cov.x1X%p

rXy¥o J’ OX12 63'22 © )

where:
Cov.xlx2 is the genetic covariance between the two traits
ox120%,2 is the product of the genetic variance for the two traits.
Tt was shown by Hazel et al. (1943) that estimates of genetic

correlations could be obtained from paternal half-sib data by using the

sire components of varlance and covariance.
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E. Rank Order Correlations

It is desirable to rank animals at various ages by some method
to determine their relative standing compared to other animals in
that classification. To date, no good method of ranking for unequal
numbers in sire groups has been used.

In this study, it was decided to rank beef calves at various
ages on type score and on average daily gain.

Spearman (1904) gives a formula for rank order correlstions as

follows:
6Zd12

(7)

where:

d; is the-difference in rank of the ith individual at the two
periods

n is the number of individuals per group to be correlated.

In this study, rank order correlations of average daily gain at
mid-summer and at weaning were calculated on individual sire groups
of five or more calves. Also rank correlations for type at mid-
sumer and weaning were calculated. An example of rank correlations
appears in Appendix C.

The rank correlation varies from -1 to +1 where -1 signifies per-

fect disagreement and +l signifies perfect agreement between the two

rankings.
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RESULTS AND DISCUSSION

A. Adjustment of the Data Using Ieast Squares Analysis

Estimates of the effects of the various environmental factors

on growth rate and type score at mid-summer and at weaning » obtained
from multiple regression analysis, are shown in Tables 2 and 3. These
estimates, with the signs reversed, may be used to adjust the indi-
vidual records to a common environmental basis. For example, from
Teble 2, male calves gained 0.18 poimds per day more than femeles.
The estimates of the effects of the various envirommental influences
at weaning ere similar to, or within the range of, those reported by
a number of other investigators. No reports of environmental effects
on daily gain or t&pe at mid-summer are aveailable.

The majority of the estimates of the environmental constants were
statistically significant; therefore, it was decided to use all of
them as adjustments. When all the constants are used to adj.ust the
datae, some calculation difficulties are eliminated and the question of
level of significance by-passed. All the data were adjusted to the
nesrest one hundredth of a grade point, or of a pound of daily gain,
for all effects, and the final velue rounded to the desired number of

decimal places.

The constants computed for effects due to breed were significant

in all five traits studied. Most studies reported to date have been

snalyzed within breed snd the data pooled, or the study was concerned

with only one breed. Marlowe and Gaines (1958) analyzed pooled data
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Teble 2

Estimates of Constants for Fixed Effects from Ieast Squares Analysis

Number M.S. Average Weaning Average M.S. to Weaning

Effect Calves Daily Gain Daily Gain Aug.- Daily Gain
Deviation from
base due to:
Breed:
Angus 536  0.20%0,02%%  0,22%0,01%** 0.2630,02%% .
Hereford 556  0.04%0,02%%  0.0L+0,01** 0.05%0,02%*
Shorthorn 590  0.00 0.00 0.00
Sex .
Bulls T62 0.00 0.00 0.00
Heifers 920  =0.18%0.01l%*  -0.230,0Ll** -0.30%0,02%*
Age of Cow:
2-year old 55 =0.05%0.0k -0.060.03 -0.0k440,05
3-year old 321 0.00 0.00 . 0.00
Y-year old ogh  0.12#0,02%*%  0.1110,02%# 0.09%0,03%*
5-year old 265  0.20%0.02%%  0.16%0,02%* 0.11%0,03%*
6-year 0ld 213  0.23%0.02%*%  0,18%0,02% 0.12#0,03%*
7-year old 151  0.20%0.03*%  0.1740,.02%* 0.11%0,03%*
8-year old 128  0.20%0.03**  0.1L0,02%* 0.0540.03 .
9-year old 93  0,17%0.03**  0,140.03%* 0.10%0, QL
10-year old 45 0.1620,0h*%  0,1130,04** 0.00%0.05
11l-year old Wi 0.13%0.0L**  0.10%0.0L** 0.0640,05
12-year old 33  0,05%0.05. 0.010.0L -0.08%0.06
13-year old 17  0.05%0.06 0.03%0.,06 0.02#0.08
1h-year old 2% 0.01#0.06 0.01%0.05 0.01#0.07
Month born:
December L 0.0740.13 0.11#0.11 0.0840.17
Jenuary 081  -0.06%0.02%%  -0.08%0,02%* -0.08%0,02%%
2 0.00. 0.00 0.00 -
ﬁiﬁiﬁm 1725 0.03#0,02% 0.0410,01%* 0.0740.02%*
April 18 0.01%0.02 0.0340.02. 0.1240,03%*
48  0.02%0.0k4 0.06%0,0k 0.1640,05%%

May




37

Table 2 (Continued)

Number M.S. Average Weaning Average M.S. to Weaning
Effect Calves Daily Gain Daily Gain Aug. Daily Gain
Year of birth:
1950 89 0.06%0,03 0.08#0,03%* 0.06%0.0k4
1951 137 0.01%0.03 -0.0840.03%* -0.2740,0h**
1952 167  -0.01%0.03 -0.08%0,02%* -0.15%0, Olx**
1953 205 -0.04%0.03 -0.07%0,02%* -0.21#0,0%%*
1954 19 0.00 0.00 0.00 .
1955 233  -0.07#0.03%%  0.02#0.02 0.20%0,03%*
1956 236 0.01#0,03 0.1740.02%* 0.46%0.03%*
1957 22 -0.04#0.03 ~0.00+0.02 0.1440,03%*
1958 181 -0.21#0.03**  -0.05%0.02 0.350,0hx*
1l Base effect
* Significant P<0.05
*% Significant P<D.0l
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Table: 3

Estimates of Constants for Fixed Effects from Least Squares Analysis

Number Mid-summer Weaning
Effect Calves Type Type
Deviation from
base due to:
Breed:
Angus 536 0.7340,09%* 0.66%0,09%*
Hereford 556 0.5k4%0,09%* 0.22%0,09
Shorthorn 590 0.00 0.00
Sex:
Bulls 762 0.00 0.00
Heifers 920 -0.07#0.07 0.26%0,07%*
Age of Cow:
2-year old 55 -0.53%0,22% -0.56%0,22%*%
3-year old 321 0.00 0.00
L-year old 29k 0.2840,12% 0.21%0.12
5-year 0ld" 265 0.4640,12%% 0.3940.12%*
6-year 0ld 213 0.4o10,10%* 0.3930,13%*
7~year old 151 0.380, 1h** 0.30%0,1L*
8-year old 128 0.41+0,15%* 0.32#0,15%
9-year old 93 0.2540.17 0.2040.18
10-year old 45 0.09%0.23 0.0140.23
1ll-year old Lh 0.17#0.2k -0.2140.24
12-year old 33 -0,6910.26% -0,81%0.,27%*
13-year old 17 -0.95%0.,36%* -0.8040.36.
1k-year o0ld 23 -0.34#0.31. -0.49%0.31
M%?Z‘émﬁiin L -0.62%0.72 -0.35%0.73
January 281 0.13'!'—0.].0 0.02%40.10
February 752 0.00 0.00
March 115 -0.541%0,09%* -0.13+0,09
April 18 ~0.99%0,15%* -0.560,13%*
148 -1.5040,22%% -0.50%0,23%

May

t
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Table 3 (Continued)

Number Mid-summer Weaning
Effect Calves Type Type
Year of birth:

1950 89 0.0440.19 0.61%0,19%*
1951 137 0.29%0.17 0.L4040.17*%
1952 167 0.32#0,15% -0.1040.16 .
1953 205 0.11%0.15 -0.08#0.15
195k 19 0.00 0.00
1955 233 -0.33%0,1h4* 0.21#0.1k4
1956 236 -0. 4040, Ll** 0.16#0.15
1957 olp -0, 410, 1h** -0,4540.15%%
1958 181

-0.9940,15%*

-0 . 52i0 . 15**

1 Base effect
* Significant P<0.05
*% Significant P<0.0l
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and disregarded breed. Thornton (1960) analyzed within breed in a
study of pre- and post-weaning gains of beef heifers. ILehmann (1961)
found the effects due to breed to be significant for daily gain and
type at weaning.

Constants computed for sex were highly signifilca.nt for all traits
studied except type at 120 days. The estimates show that heifers
gained 0.2l pound per day less on the average than bulls; however,
they graded oniy slightly lower at mid-summer and significantly higher
at weaning than bulls. These estimates are in agreement with those
found by Iehmann (1961) and by Marlowe et al. (1958). They are
slightly lower than those found for weaning weight by Koch and Clark
(1954). Various suthors have reported male calves to be 22, 23, 32,
28, and 2 to 1k pounds heavier at weaning than females (Knapp et al.,
1942; Koch, 1951; Koger and Knox, 1945; Woolfolk end Knapp, 1949; and
Gregory, Blunn, and Beker, 1950, respectively).

Differences due to age of dam show calves from two year old dems
geining less and grading lower in ell cases then calves from dems
three to eleven years old. In general, calf daily gains gradually

increased with age of dam until approximately nine years, and then

gradually decreased. The effect on type score of calves due to age

of dem was very similar. This seme trend was shown by Marlowe et al.

(1958); however, the magnitude of the effect varied. In addition,
they grouped all dems over 9.5 years of age. Koch and Clark (1955), in

e study involving cows from three to ten years of age, state that .23,
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-10, and .13 pound per day should be added to calves out of 3, 4, and
10 year old cows, respectively.

Differenees due to month or season of birth were not large in
their effect on daily gain; however, the earlier born calves gener-
ally gained slower and graded higher. These trends were true for
each trait both at mid-summer and weaning. Koch and Clark (1955)
found little difference in daily gain of calves born during the
months of April and May, but earlier calves tended to score slightly
higher than those born later in the season. This study is in agree-
ment with their findings.

Year constants computed in this study show that the greatest
effect is in the perlod from mid-summer to weaning. At this time the
milk production of the dam is declining and the calf must get an in-
creasing proportion of its nutrition from pasture; thus meking it more
susceptible to seasonal climatic variation. It has been pointed out
by various researchers that years are a large source of variation for
which adjustment should be made for studies covering more than one
year. For example, Stonsker (1956) expressed the effeet due to year
as deviations from the overa.li mean, with adjustments for six years
ranging from -24.10 to +19.79 pounds sbove or below the average in
its effect on weaning weight.

It appears from reviewing the literature and from results ob-
tained in this sudy that adjustments should be made for year of birth,

age of dem, and sex of calf. Breed differences are quite important,

and should be considered by the research worker.



The reduction in variation of the various traits, as a result of
fitting the constants, is shown in Table 4 for daily gain at the
different periods, and in Table 5 for type score. The R values
shown in these tsbles represent the fraction of the total corrected
sum of squares that was removed by holding the envirommental effects
constant. There was & substantial reduction in variation of daily
gein, the R® values ranging from 0.30 for gain from birth to mid-
summer to 0.46 for mid-summer to weaning. There was much less re-
duction in variation of type scores; RZ values were 0.15 for type
at mid-summer and 0.11 for type at weaning. Lehmann (1961), in a
similar study, found an R? of 0.35 for daily gain from birth to
weaning, and one of 0.43 for type at weaning. He did not work with

mid-sumer traits.

B. Heritability Estimates

Estimates of heritability, calculated by the paternal half-sib
method, and their standard errors are shown in Table 8. Ansalysis and
gsire components of variance and covariance for the traits studied are
shown in Tebles 6 and 7. The estimate of 0.22 for daily gain for the
entire period birth to weaning is intermediate between the 0.18 for
birth to mid-sumer and 0.25 for the period mid-summer to weaning.
This might indicate some advantage in selecting for daily gain during
the period mid-swmer to weaning rather than gain during the earlier
period or from birth to weaning, but this statement is vulnersble to

challenge, beceuse the standard errors are of such magnitude that the



A. Average daily gain:

3

Table 4
Analysis of Variance

Birth to Mid-summer

Source D.F. s.8S. M.S. F
Regression 28 45,054 1.609 25,140%%
Error 1655 106.974 0.06k
Total 1681 151.848
R = 0.30
B. Average daily gain: Birth to Weaning

Source D.F. S.8 M.S. F
Regression 28 172 2.063 42 ,102%*
Error 1655 138.061 0.0Lk9
Total 1681 138.061
Ra = 00,'2
C. Average daily gain: Mid-summer to Weaning

Source D.F. S.S. M.S. F
Regression 28 155.T71 5.563 51.036%*
Error 1655 179.866 0.109
Total 1681 335.637

RZ = 0.46



Table 5
Ana.'lysis of Variance

A. Mid-summer Type:

Source D.F. s.S. M.S. F
Regression 28 603.192 21.543 10, G+
Error 1655 3349,012 2.024
Total 1681 3952.20k
RZ = 0.15

B. Weaning Type:

Source D.F. s.S. M.S. F
Regression 28 451.320 116.119 55.639%*
Erfo: 1655 3453,245 2.087
Total 1681 390k, 566

R® = 0.11
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Teble 6

Analysis of Variance for Deily Gein

Birth to Mid-summer Birth to

Mid-summer to weaning weaning

Source D.F. M.S. M.S. M.S.
Between Sires 84 0.121k% 0.2660 0.101k
Within Sires 1571 0.0611 0.1091 0.0h54
Total 1655
Difference 0.0603 0.1578 0.0560
- Sire Component 0.0031 0.0081 0.0029
Anglysis of Variance for Type Score
Mid-summer Weaning
Source D.F. M.S. M.S.
Between Sires 8k b, 7991 4,2386
Within Sires 1571 1.8805 1.9418
Total 1655

Sire Component 0.1500 0.118
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Table 8
Beritebility Estimates and Standard Errors

Trait Heritebility
A.D.G. Birth to Mid-susmer .18%.05
A.D.G., Mid-summer to weaning .25£,06
A.D.G. Birth to weaning 221,06
Type at Mid-summer .27%.06
Type at weaning .21%,06

A.D.G. is the Average Daily CGain
M.S. is Mid-sumer

Teble 9

Phenotypic and Genetic Correlations Among Traits
in Beef Celves

Weaning Weaning M.S. Weaning

A.D.G. Birth to M.S. Pheno. 21 .8e N T+ 42
Genetic 37 .2 .39 .ol

A.D.G. M.S. to Weaning Pheno. .69 .05 .26
Genetic 13 21 .29

odle\Teo il‘th to Weaﬁ Phemo 039 oh6
A.D-.G. 3 e Genetic .15 .09
Type M.S. Pheno. .T1
Genetic .Th
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true values of the three heritebilities could all be the seme. The
estimate of 0.22 for daily gain found in this study is very close to
the estimate of 0.21 skown by Koch and Clark (1956b), but lower than
0.5 for deily gain to weaning shown by Gregory et al. (1950).

The heritebility point estimate for type at nid-swn;ner of 0.27 is
higher than that for type at weaning of 6.21. This may indicate that
selection at mid-summer would be more effective than at weaning, but
agein this is open to challenge, because the standard errors are such
that there might be no real difference between the true heritabilities.
The estimate of 0.21 for type at weaning in this study is slightly higher
than those shown by Koch and Clark (1956b) of 0.18 and 0.16 and some-
what lover thean 0.53 found for type at weaning by Knapp and Nordskog
(1946b). Carter end Kincald (19592) reported higher estimstes for
grede at weening of 0.4l (heifers) end 0.51 (steers), than found in
this study. No other estimates for heritebility of traits at mid-

sumer, or for growth from mid-summer to weaning, are availeble.

C. Estimates of Correlstions Among Traits

1. Phenotypic and Genetic Correlations

Phenotypic amd genetic correlations for all combinations emong
the five traits appear in Teble 9. Correletions for growth rate
between the two periods, birth to mid-sumer and mid-summer to weaning,

were positive and moderately high, 0.21 phenotypically and 0.37 geno-

typically. Correlations for growth rete between the first period and

the whole period were positive and high, 0.8 and 0.92, as were those



50

between the second and the whole_period, 0.69 and 0.73 respectively
for tpe phenotypic Aand genetic correlations. Both are » of course,
part-whole ;elations_hips.

Positive correlations for gain in a particular period with type
at the end of the period were found. Phenotypic correlations were
moderately high, 0.26 to 0.49. When type was correlated with later
dally gain in a later period, the_cgrrela,tion was essentially zero,
0.05. Genetic cqrrelat:lons were generally 1ow to moderate, 0.0k4 to
0.39. Here again, type at mid-summer with previous gain from birth
to mid-sumer was modera.tely high, 0.39.

Both phenotypic and genetic correlations were high when type at
mid-sumer was correlated with type at weaning, 0.7l and 0.Tk.

These phenotypic correlation estimates are within the range of
those found by Koch and Clark (1955b) and by Carter and Kincaid (1959a)
for weanling traits. High et al. (1959) obtained a part-whole pheno-
typic correlation of 0.8 for daily gain from birth to 120 days with
daily gain from birth to weaning. No other information has been
published on the correlation of data taken prior to weaning with

data taken at wganing.

2, Rank Order Correlations

Correlations obtained by this method eppear in Table 10. The
correlation 0.8, between daily gain from birth to weaning and daily
gain f@ birth to mid-sumer is positive and high, and identical to

the phenotypic product-moment correlation estimate for the two periods.
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A moderately high estimate, 0.41, almost double the product-moment
estimate, was found between daily gains from birth to mid-summer

and mid-summer to weaning. Type at mid-summer wes highly correlated,
0.69, with type at weaning being only slightly less‘ than the pheno-

typic end genetic correlations for these same traits.

Teble 10

Renk Order Correlsations

A.D.G. Birth to M.S. with Birth to weaning 0.8
A.D.G. Birth to M.S. with M.S. to weaning 0.l
Type at M.S. with Type at weaning 0.69

D. Discussion

Studies involving large animals are usually based on rather small
numbers due to economic and other reasoms. In this study, the numbers
were comparatively large, and there were no location differences,

It eppears that selection based on the individual calf’'s daily
gain could best We made using the period from mid-summer to weaning.
At this period the heritsbility appears to be highest indicating that

the genotype of the calf is showing its effect to a greater extent

than earlier. If selection is to be made on an individuals type, more

progress could be made at mid-gummer vhen the heritebility is 0.27%.06

as compared to 0.211,06 at weaning.
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Possibly a creep feeding scheme might enable the heritasble
differences between calves to be measured earlier in the animals
life and therefore enable progress from selection to be realized and
utilized sooner.

A cov culling program based on mid-summer observations would be
as effective as when based on weaning cbservations as shown by the
maternal effects present then that are relatively reduced at weaning.
Taylor (1960) showed repeatability of cow performance to be as high
or higher than at wesning for gain from birth to mid-swmer. He
indicated that cow selection could accurately be made on the growth
rate and grade of their calves at a time prior to weaning. Repeata-
bility estimates were not calculated in this study, however herita-
bility is usually a fairly large fraction of repeatability as shown
by Lush and Arnold (1937), where heritability was about two-thirds of

repeatability.

Correlations, both phenotypic and genetic found in the present
study indicate that 120 day observations are good predictors of the
performance, which can be expected up to weaning age. It can be
seen that gain and grade are essentially gemetically independent in
this study, therefore selection can be practiced on either without

affecting the other gemetically.
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CONCLUSIONS AND SUMMARY

A. Conclusions

The following conclusions were obtained from these data:

l. The fixed enviromenta.l'effects, in this case breed, sex,
age of dam, and year of birth, had large influences on veriation.
Ad,justuent tor these effects should be made before estimating genetic
relationships.

2. The correJ.ations » both genetic and phenotypic, indicate
that 120-&93 observations are good predictors of the performance
which can be expected up to weaning age.

3. The correlations point out that gain and grade are genetically
independent when grade is correlated with future daily gain but not

when grade is correlated with previous daily gain.

4, The rank order correlations found in this tudy indicate that
a positive degree of association exists between ranks at 120 days (mid-
sumer) and 210 days (weaning) for both average daily gain and typé
score.

5. Selection based on the individuael's daily gain can be best
made on the period of growth from mid-summer to weaning and selection
based on type can be best made at mid-summer.

6. Cow selection based on calf performance to mid-summer would
be more effective than calf performance from birth to wea:qing or calf

performence from mid-summer to weaning, because the maternal influences



54

are more evident when measured at mid-summer than they are later in

the growth of the individual eglf.

B. Sumery

The data for this study were taken from the calf crops born from
1950 through 1956 at the Beef Cattle Research Station, Front Royal,
Virginia. These included 536 Angus, 556 Hereford, and 590 Shorthorn
calves.

Least squares analysis was used to adjust the daily gains and
type scores for the fixed effects of: breed, sex, age”or dam, month
born, year born. All the least squares constants were used to adjust
the data even though all were not statistically significant. The
fixed envirommental effects had more influence on daily gain than
on type at both mid-summer and weaning.

Paternal half-sib analysis was used to calculate heritebility
estimates for the traits at both mid-summer and at weaning. The
heritability estimates were 0.18%.05, 0.25%.06, and 0.22%,06 for
daily gain- from birth to mid-sumer, mid-sumer to weaning, and birth
to weaning, respectively. They were 0.27+.06, and 0.21%,06 for type
score at mid-summer and at weaning.

Phenotypic correlations were calculated for each trait with every
other trait in t.hc;: study. These correlations were moderately high to
high, ranging from 0.21 to 0.82, for daily gain. When type was corre-

lated with previous daily gain, the estimates were moderately high,
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0.26 to 0.49, They were essentially zero (0.05) for future daily
gain from mid-summer to weaning with type ;t mid-suamer. The correla-
tion for mid-summer type with weaning type was high, (0.71).

Cenetic correlations were calculated from po.tern;.l half-sib
variance and covariance component analysis. They were moderately
high to high ranging from 0.37 to 0.92 for daily gain in one period
with daily gain in another period, but considersbly lower for type
at mid-summer and type at weaning with delly gain from birth to
weaning (0.15 and 0.09). The genetic correlations were moderate
between type at mid-summer snd daily gain from birth to mid-sumeer,
and between type at weaning end daily gain from mid-summer to weaning,
(0.39 and 0.29).

» Rank order correlations were computed within sire groups of five

or more calves using Spearman's formula. These correlations were 0.8,

0.41, and 0.69, for daily gein from birth to mid-sumer with daily gain

birth to weaning, daily gain birth to mid-swmmer with daily gain mid-

summer to weaning, and type at mid-summer with type at weaning,respec-

tively.
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Appendix B
Unadjusted and Adjusted Means

Number Mid-sumeer daily gain  Mid-summer Type
Classification Calves unadjusted adjusted unadgusted i adjusted

Breed:
Angus 5%6 1.81 1.
Hereford 556 1.65 1.% 1.6 1006
R 1.62 10.5 10.7
Sex:
Bulls T62 1.79 1.62 10.9 10.6
Heifers 920 1.61 1.62 10.9 10.6
Age of Cow:
2-year old 55 1.57 1.62 9.8 10.5
3-year old 321 1.56 1.62 10.7 10.7
hoyear old 294 1.72 1.63 11.0 10.6
5=-year old 265 1.75 1.62 1.1 10.7
6-year old 213 1.79 1.62 11.1 10.7
T=year old 151 1.77 1.62 10.9 10.7
8-year old 128 1.75 1.62 10.9 10.6
10-year old b5 1.71 1.62 10.7 10.5
ll-year old .18 1.71 1.62 11.0 10.7
12~year old 33 1.60 1.62 10.1 10.6
13-year old 17 1.61 1.62 9.8 10.7
Month Born:
December 1 1.84 1.63 10.9 10.7
January 281 1.63 1.61 11.0 10.7
February 752 1.69 1.62 11.0 10.7
March 415 1.72 1.63 10.7 10.7
April 18 1.71 1.62 10.3 l10.7
May 48 1.72 1.63 9.9 10.0
Year of Birth:
1950 89 1.75 1.62 10.5 10.6
1952 167 1.72 1.6 1.2 10.6
195k 192 1.72 1.62 10.9 10.7
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Appendix B (Continued)

Number Mid-summer daily gain Mid-summer Type
Clessification Calves wunadjusted adjusted unadjusted adjusted

Year of Birth:
1955 233 1.66 1.6 10.8 10.7
1956 236 1.75 1.6 10.9 10.7
1957 2l 1.70 1.62 10.9 10.7
1958 181 1.55 1.6 10.3 10.7
Grand Mean 1.69 1.62 11.0 10.5

Number Weaning Average daily gain Weaning Type

Classification Calves unadjusted adjusted unadjusted adjusted
Breed:
8
Angus 536 1.80 1.59 1.6 10.
Hereford 556 1.4h 1.59 11.0 i.g.g
Shorthorn 590 1.58 1.59 11.1 .
Sex:
Bull 762 1.78 1.59 11.0 .8
Heif:ra 920 1.56 1.59 1.k 10.8
Age of Cow:
2-year old 55 1.49 Z;.Bg gg ig.g
3.year old 321 1.55 1.29 ].1.6 10:8
4-year o0ld 29 1.69 1-59 11'5 10.8
o-year old 263 e 1.59 1.5 10.8
6-year old 2l %y 1.59 1.4 10.8
7-year old e " 1.60 1.4 10.8
8-year old 128 1o 1.59 1.2 10.8
9-year old i i'sl 1.58 1.0 10.8
10-year old A 1.60 1.59 10.8 10.8
L1-year ol - 1.9 1.58 10.3 10.8
12-year o 3 1.55 1.58  10.h 10.8
13-year o ’ 1 10.
12-yy:u 0ld 23 1.5k 1.58 10
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Appendix B (Continued)

Number Weaning Average daily gain  Weaning Type

Classification Calves unadjusted adjusted unadjusted adjusted
Month Born:
December b 1.77 1.59 1n.1 10.8
Jenuary 281 1.63 1.59 11.k 10.8
February 752 1.67 1.59 11.4 10.8
March h15 1.67 1.59 11.2 10.8
April 18 1.64 1.59 10.8 10.8
May 48 1.62 1.58 10.9 10.8

Year of Birth:
1950 89 1.69 1.59 11.6 10.8
1951 137 1.58 1.59 1.3 10.7
1952 167 1.57 1.59 11.0 10.8
1953 205 1.60 1.59 1.2 10.8
195k i 1.65 1.59 11.2 10.8
1955 233 1.66 1.59 11.6 10.8
1956 236 1.& 1.59 11.6 10.8
1957 2k 1.66 1.h4 11.0 10.8
1958 181 1.63 1.59 10.9 10.9

Grand Mean 1.6k 1.58 1.1 10.8

Number Average Dally Gain M.S. to Weaning*
Classification . Calves unadjusted adjusted
d:

Br:@m 536 1.75 it?
Hereford 556 1'1;53 1 hz
Shorthorn 590 1. .

Sex:

: 1.73 1.47
Bulls Tee 1.k 1.46

Heifers 920
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Appendix B (Continmed)

*MQSQ 18 md"mer

Number Aver Dailly Gain M.S. to Wean
Classification Calves unad,j.g:ted Y ad,just%
Age of Cow:
2-year old 55 1.36 1.46
joyear old 294 1.58 1.47
5-year old 265 1.63 1.k46
6-year old 213 1.67 1.47
T=year old 15. 1.72 1.46
8-year 0ld 128 1.61 1.h7
9-year old 9% 1.55 1.47
10=-year old 45 1.%0 1.46
1ll-year old Ly 1.37 1.4
12-year old 33 1.25 1.46
13-year old 17 1.46 1.45
1lk-year old 23 1.54 1.4k
Month Born:
December 4 1.5% 1.h6
January 281 1.61 1.46
February 15 1.60 1.h7
March k15 1.55 1.%7
W 48 1.36 1.k9
Year of Birth:
1950 89 1.48 1.48
1951 137 1.25 1.%5
1052 167 1.35 1.46
1953 205 1.50 1.4
1955 233 1.66 1.k6
1996 056 1.9% 1.47
Grand Mesn 1.5 1.6
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Appendix C
Exsmple of Rank Order Correlation

Cﬂfmm&
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Appendix D
Outline of I.B.M. Procedure

The availsble Internationsl Business Machines, Card Punch Type
26, Card Sorter Type 75, Accounting Machine Type 402, and the Digital
Computer Type 650 were used in punching, sorting, listing and in
making the computations. The I.B.M. equipment was used for the
major portion of the calculations, e.g., sums of squares and sums
of products, adjusting the data, and for swmming the observations
for calculation of the means. The remainder of the computations were
made on an automatic desk calculator.

The date were punched into standard 80 column I.B.M. cards as

follows:
1-4 calf number
5 breed
6 sex

T-12 date of birth

13-16 dem number

17-18 age of dem

19-22 sire mumber

23-25 birth weight of calf

26-28 mid-sumner weight of calf

29-31 mid-summer type of calf, unadjusted

3034 unadjusted mid-summer average daily gain

35-37 age of calf (in days) at mid-sumer

38-40 age of calf (in days) at weaning

4k1-k3 age of calf (in days) at vesning minus (age in days) at
mid-summer .

Lh-46 weaning weight of calf

-k of calf
;g-5g 3:?:2«:8 & gain birth to veaning, unadjusted

=55 ave daily gain from mid-summer to weaning, unadjusted
gg-gg nidmr average daily gain, adjusted
61-63 mid-sumer to weaning average daily gain, adjusted
6466 birth to wesning aversge daily gain, adjusted
67-70 mid-summer type, adjusted
71-Th4 weaning type, adjusted
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EFFECT OF AGE ON THE ACCURACY OF SELECTION AMONG BEEF CALVES
by
David C. Meyerhoeffer

This study was undertsken to investigate the possibility of
selec_;ti_ng beef calves at 120 days of age instead of 210 days of
age using growth rate (average daily gain) and type score.

There were 168 calves of the three British breeds (Angus,
Hereford, and Shorthorn) used in the study. The data on these calves
were taken from the records of the Beef Cattle Research Station,
Front Royal, Virginia, and covered nine yesrs, 1950 through 1958.

The data were corrected for envirommental effects (breed, sex,
age of dam, year born, and month born) by fitting constants.

Adjusted data were then used to compute correlations (genetiec,
phenotypic, and rank). The product-moment correlation metﬁod was
used to arrive at phenotypic correlations. The paternal half-sib
variance and covariance components were used to estimate genetic

correlations. 1In addition, heritebility estimates were calculated

using the paternal helf-sib variances.




The traits studied were average daily gains from birth to mid-
summer (Y)), mid-sumer to weaning (Y2) and birth to weaning (Y3) and
type scores at rid-sumer (Y),) and at weaning (YS)' ner:ltabiiity
estimates obtained for these traits were 0.18, 0.25, 0.22, 0.27 and
0.21, respectively, Similar estimates appear in the literature for
traits at weaning, but few have been reported for traits measured
prior to weaning.

Positive genetic correlations between 0.2 and 0.4 were obtained
between Y]_!z, L RITRIR ST 7 255 they were greater than 0.7 for
Yy Y3, Y Y3, Yy Y5. Positive genetic correlations less than 0.2 were
found between Y) Y5, Y5 Y, and Y5 Ys.

Phenotypic correlations were generally higher than the genetic
correlations, but not in all cases.

Three renk order correlations were obtained within sire groups
conttining five or more calves. The average rank correlation for
daily gain from birth to mid-summer with daily gain from mid-summer
to weaning was 0.41; for daily gein from birth to mid-summer with
daily gein from birth to weaning it was 0.82; and for type at mid-

summer with type at weaning it was 0.69.
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