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The data included records on 375 steers and 362 heifers,
born over a four year period, 1960 to 1963 inclusive, at the
Fort Robinson Beef Cattle Research Station in northwestern
Nebraska. The calves were from 80 cows each from the Angus,
Hereford, and Shorthorn breeds, and were the progeny of 17
Angus, 16 Hereford, and 16 Shorthorn sires. The cows were
randomized to breeding pastures each year so that each sire
was bred to twlce as many cows of his own breed as to each of
the other two breeds. Traits studied were birth weight,
weaning'score. and ad justed 200-day weight (steers and
heifers); adjusted final weight, marbling score, final car-
cass grade, fat thickness, rib-eye area, and actual cutability
(steers); and adjusted 550=-day weight (heifers).

The experimental design included new sires each year
which caused a hlerarchal design with sires nested within
breed of sire and year, but cross classified with breed of
dam, Steers and heifers were analyzed separately for all
traits.

Variance components for all traits were obtained from
analysis of variance tables., A least-squares and maximum
likelihood general purpose program was used to compute the

followlng estimates of genetic parameters and standard errors:



Components of genetic variance and covariance were
calculated for each of the mating types. There

were no differences in the sire components between
the straightbreds and crossbreds, indicating similar
additive genetic variance in the two groups.
Heritabillity estimates were obtalned for the various
traits by the paternal half-sib correlation method.

Separate analyses were published for the pooled

within straightbred, and pooled within crossbred groups.

The analyses ylelded heritability estimates from 0.15
to 0.85 with most standard errors between 0.3 and 0.4.
No difference was noted between the crossbreds and
straightbreds. The heritabllity estimates were
large enough to indicate that mass selection should
produce improvement in the traits.
Genetlc and phenotypic correlations for the pooled
within straightbred analyses are presented. Standard
errors, in general, varied from 0.3 to 0.4, The
high genotypic and phenotypic correlations among
traits assocliated with weight (birth and 200-day
welght, final weight, 550-day weight, rib-eye area,
and actual cutability) were the most important from
an economic standpoint,

Results indicate that mass selection for tralilts
associated with weight in the purebred population
should give simultaneous improvement in these traits.

Ad justed 200-~day weight (steers and heifers), ad-






justed final weight (steers), and 550-day weight
(heifers) were recommended as traits to emphasize
in a mass selection program.

Estimates of the correlations between the genetic
abllity of a sire to produce the same trait in
strailghtbred and crossbred progeny, and between his
genetic ability to produce one trait in the stralght-
bred population, and another tralt in the crossbred
population, were high. It was concluded that mass
selection in the purebred populations that make up
a cross would be as effective in improving commer-
clal production in the crossbreds as it would be in
improving commercial production in a breeding pro-
gram where the purebred bulls were bred to commer-

cial cattle of their own breed.
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INTROJCCTI1ON

The beef cattle breeder of today 1is getting caught in
a "cost-price squeeze". e needs to identlfy those animals
in his herd, or other herds,w.:ich will add the wost inp-
oroved st Lo tne  traits that will contribute to productive
efficiency and better beef carcasses. He must then utilize
these animals in effective breeding plans that will help
cimo e lmprovemnent in his herd. This, in turn,
vill provide increased profits and a better means of living
for these beef cattle breeders, the packers and retailers of
beef, and will supply the consumer with an appealing, high-
quality, nutritious product at a reasonable cost, As
Gregory (196:) states: "One secgment of the beef cattle
industry cannot be divorced from the other segments., From
a long term standpoint, there 1s an interdependence among
them, The comanercial producer 1s interested in cows with a
long productive life that wean a hlgh percentage of heavy,
high grading calves; the feeder desires rapid and efficient
feedlot galns; and the packer and retaller are interested in
the maximum amount of edible portion per uait of live or
carcass welght. The consumer expects this edible portion
to be tender, flavorful and julicy“.

Beef cattle scientists need more basic knowledge on
genetlc parameters in order to recommend better breeding and
selectlion methods and plans to these breeders. Measurement

procedures for economically important trailts and reliable
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estimates of thelr genetic parameters (heritabilitles, genetic
correlations, heterosis, etc.) are fundamental in the searcn
for this basic knowledge. As these measurement procedures

are developed, one must consider the relationship of the
measures to the trait being studied, the heritability of the
measurements, their genetic correlations with other traits
being studied, and the relative economic value of the trait
being studied. This information is essential to the future
potential of beef cattle breeding in this age of efficient,
scientific agriculture.

Heterosis has been observed in some of our domestic
animals for many years. Several studies are presently in
progress to study the influence of heterosis 1in beef cattle.
Several recent studies have used the Britlish breeds because
they are the ones most frequently used for production of beef
in the northern two-thirds of the United States. The in-
fluence of heterosis 1ls estimated by comparing the crossbreds
with the average of the straightbreds sired by the same bulls
and out of comparable cows. The difference between the
crossbreds and straightbreds 1s due to non-additive gene
effects. In general, crossbreeding has resulted in about
3% increase in growth rate up to about 18 months of age, in
favor of the crossbred cattle., Heterosis in carcass traits
apparently 1s important only in those traits that are associ-
ated with growth of the animal (Gregory et al., 1965,
1966a, 1966b, 1966c; Gaines et al., 1966, 1967; Brinks et
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al., 1967; and Vogt et al., 1967.)

Beef cattle scientists are generally in agreement that
the amount of genetic.change of economically ilmportant
traits in domestic animals, such as beef cattle, depends
largely on the size of the genetic varlances and the herita-
bilities of the traits studied.

The heritability estimate 1s a key to improving the
population by breeding methods. It is considered one of the
most important parameters in animal breeding. Lush (1948)
states it as follows: "A characteristic 1s not inherited
as such. The thing inherited is the ablility to respond in a
given manner to a given environmental circumstance., The ob-
served phenotype 1s the net result of these inherited
potentialities and the environmental circumstances, such as
nutrient supply, temperature, diseases, accldents, etc.
which they encounter. Between the genes which are trans-
mitted and the observed phenotype of the plant or animal is
a considerable gulf of time and of chemical and physiological
processes in which the genes interact with environmental
substances, forces and conditions, and also with the primary
and secondary products of each other. The complete story
of all that happens in this period includes the whole subject
matter of embryology and the physiology of growth and
development.® Reviews reveal only one estimate of herita-
billity between straightbred and crossbred beef cattle (Miquel

and Cartwright, 1963), but in the last 20 years numerous
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studies have heen made, providing heritabllity estimates for
economic traits, in straightbred and purebred beef cattle.,
These studies reveal taat heritability of birth and weaning
weight, and conformation scores :=zre moderately high, and
post=-weaning growth rate and carcass trailts are highly
heritable., Warwick (1958) concluded that beef cattle differ
in their inherent productivity and that those differences
are rather high in heritability. Gregory (1961) reported
that heritabilitles for most of the economilcally important
tralts, except fertility, seem high enough for selection to
be reasonably effective.

If selection pressure is applied to more than one trait
at the same time, progress 1s affected by the genetlic inter-
relationshlp among the important traits, the amount of
selection practiced, and the generation interval. 1In order
to prepare effective breeding plans, estimates of genetic,
environmental, and phenotyplc parameters for traits of
economic importance are needed. Accurate estimates of genetic
correlations allow us to predict direct and correlated re-
sponses in one tralt resulting from selection for another
single trait. There are only a few estimates of genetic
correlations between traits, and studlies on correlated re-
sponses in the literature. This 18 mainly because of the
great amounts of data that are necessary to provide reliable
estimates of these genetic correlations among the important

performance traits, Gregory (1961) feels that to date no
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important genetic antagonisms have been shown among important
performance tralits, but we have not shown experilmentally

that mass selection is an effective breeding program for
these traits.

If non-additive gene action is a major source of genetic
variance, selection on the basis of purebred or straightbred
performance may not be effective for improving the perform-
ance of the crossbreds. The research by Gregory, using
these data, show that most of the tralts exhibit hybrid
vigor, therefore some nom-additive gene action must be involved.

Comstock (1960), referring to swine, stated the need
for estimates of genetic varlance among crossbred sire
families, and the regression of crossbred sire progenies on
purebred sire performance. If thls is low, selection for
purebred performance willl be proportionately ineffective for
crossbred improvement. If negative genetlic correlations are
important, he felt that the effective genetic variance among
crossbred sire families may be considerably greater than
that within the breeds.

To evaluate the expected progress in a crossbred popu-
lation when selection 1s practiced in a  puretred popula-
tion, estimates of genetic variances and covarlances from
contemporary purebred and crossbred data in beef cattle are
needed. These estimates are not in the literature. These
are cruclial questions that must be answered if crossbreeding

becomes a more important force in our future beef breeding



programs.,

The objectives of this study were:

1. Obtain estimates of the heritability of economi-
cally important live- animal and carcass traits in
a straightbred beef cattle population.

2. Obtain estimates of the heritabllity of economi-
cally important live-~ animal and carcass traits in
a crossbred beef cattle population.

3., Obtain estimates of genetlc variances and covariances
from contemporary stralghtbred and crossbred data in
beef cattle.

4, Study the effect of genetic varlances and covariances
from contemporary stralghtbred and crossbred beef
cattle data on the effectiveness of selection for
genetlc lmprovement in beef cattle.

5. Estimation of interrelationships of straightbred
and crossbred progeny performance in the same trait,
and between one tralt in the straightbred popula-
tion, and another trait in the crossbred population.

6. To obtain estimates of specific genetic parameters
in straightbred and crossbred populations of beef
cattle for varlous economic traits, and to use these
estimates to predict trait response to indirect
selection within populations of similar genetic

makeup,



REVIEW OF LITERATURE

Information is very limited in beef cattle breeding re-
search regarding differences in heritabllity estimates be-
tween strailghtbred and crossbred populations, genetic
correlations between productivity of traits in straightbred
and crossbred populations, and covariances between progeny
performance of traits 1in crossbreds, straightbreds, and be-
tween the two populations,

Some studies have been made in swine, This is probably
because crossirseding research in swine has been conducted
.longer tnan in beef cattle.

Enfileld and Rempel (1962) made a study to estimate the
covarlance of sire effects in purebred and crossbred popula-
tions of swine. These covarliance estimates were: weaning
welight, -2.42  3,67; average daily gain, 0.0040 * 0.0018;
and backfat probe, 0.0005 ¥ 0.0007. ©he authors stated that the
genetlic progress that can be made in improving crossbred per-
formance by selection within pure lines can be estimated if
the following is known: (a) selection intensity in the pure-
breds, (b) phenotypic variance of the selection criterion
in the purebreds, and (c) the covariance of sire effects in
the populations under selection and the population cross.,
They concluded that practicing mass selection in both sexes
of both purebred populatlons that make up a cross, would make
the expected improvement of the crossbreds the product of

the average selection differential in the purebreds, and the
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ratio of four times the covariance of sire effects, divided
by the phenotyplc variance in the purebreds. They made esti-
mates of this ratio which they felt were somewhat analagous
to heritability in the purebred populations. These were:
weaning weight, -.17; average daily gain, 0.42; and backfat
probe, 0.07.

Taylor et al. (1965) studied genetic correlations te=-
tween straightbred and crossbred swine. The straightbred
and crossbred daughters of 35 boars were composed of straight-
bred daughters having crossbred litters, daughters retained
to propagate their straln, and crossbred daughters. Tralts
studied were: litter size and litter weight at birth, 21,
and 56 days. Three varilance components and two covariance
components involving comparisons of crossbred daughters with
both of the other types of daughters were estimated for each
trait., One-half of the varliance components were negative,
but, in general, they were smaller than the corresponding co-
varilance components of the same sign. Only the covariance
components for litter weight at 21 days and one for litter
welght at 56 days were positive. Only three genetic correla-
tions were obtalned since some negative variance components
were obtalned. A positive genetic correlation of 0.18 was
obtalined for litter welght at 21 days when comparing cross-
bred daughters to straightbred daughters. For litter weight
at 56 days the correlation was 0.61 between crossbred and

straightbred daughters and -.38 for crossbred daughters and
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stralghtbred daughters having crossbred litters. They con-
cluded that since most of the covariance components were
negative, non-additive gene effects may be important sources
of variation in the traits studiled.

Stanislaw, et al. (1967) studied progeny records of 99
purebred boars that sired both purebred and crossbred litters.
The heritabllity estimates for 56-day weight, postweaning
dally gailn, and probed backfat thickness in the purebreds
were 0,03 ¥ .06, 0.28 * ,06, and 0.55 * .12, respectively.

The corresponding estimates within the crossbreds were 0.19

+ .09, 0.39 % .10, and 0.47 £ .13. The genetic correlations
within the purebreds between 56-day weight and postweaning
dailly gain, 56-day welght and backfat thickness, and post-
weaning dalily gain and backfat thickness, were 0.29 % .50,
-.05% .53, and -.07 ¥ .18, respectively. Within the cross-
breds the corresponding correlations were 0,20 ¥ .21, 0.61 +
.16, and =.39 * ,18, The authors concluded that improvement

in postweaning growth rate and probed backfat must come al-
most entirely from selection pressure applied to these traits,
but in the crossbred it appeared that postweaning daily gain
could be increased by selection for either 56-day weight or
less backfat. The sire components of covariance were 1,61,
0.0013 and 0.0023 for 56-day welght, postweaning daily gain
and probed backfat thickness, respectively.

Robison, et al. (1964) studied boars with both purebred

and crossbred progeny to obtain preliminary estimates of the
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effectiveness of selection in purebred populations for
echleving improvement in crossbred populations. Genetic
correlations between purebred and crossbred progeny means
for the two treeds of boars were 0.22 and 0.72 for 140-day
welght and 0.21 and >1.00 for backfat at 140 days. They
concluded that selection for purebred performance would not
be effective for improving the crossbreds.

Louca and Robison (1967) estimated components of
variance and covariance from records on purebred and cross-
bred pigs sired by 76 boars. Heritability values from
paternal half-sib correlations were estimated for birth
weight, 154-day weight, litter size at birth, weaning, and
154 days, and backfat probe. The authors quoted these
estimates as 0.17 % 0.42, 0.09 ¥ 0.29, and 0.05 % 0.20 for
birth weight, 0.35 ¥ 0.34, 0.14 % 0,15, and 0.33 * 0.18 for
backfat probe, and 0.70 ¥ 0.41, 0.81 % 0.35, and 0.65 ¥ 0.24
for 154-day weight in the purebred boars, barrows, and gilts,
respectively. Corresponding values for the crossbred barrows
and gilts were 0.01 ¥ 0.05 and 0.03 % 0,05 for birth weight,
0.03 ¥ 0.04 and 0,00 * 0,04 for 154-day weight and 0.22 *
0.06 and 0.09 ¥ 0.05 for backfat probe. The comparison of
the components of varlance in the two breeding groups led
the authors to suggest that non-additive gene action was in-
volved. Both studies indicated to the authors that selection
on the basls of purebred performance would not be effective

for improving crossbred performance and that selection for
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specific combining ability should provide a better means for
utilizing heterosls experienced in crosses., Genetically,
birth weight was negatively correlated with backfat probe
and positively correlated with weight at 154 days. Weilght at
154 days was negatively correlated with backfat probe. The
authors felt that, in general, the magnitude and direction
of associatlons among traits were high enough to suggest that
simultaneous improvement in all traits would be possible.
Only one reference comparing heritabilities in cross-
bred and purcbred (or straightbred) beef cattle was found in
the literature. Miquel and Cartwright (1963) compared
heritabilitiles for birth weight, weaning weight, and feedlot
gain from 10 years of data on Herefords (H), Brahmans (B),
and various crosses of the two breeds: B sire x H dam, Fq's
(BH), H x B Fy's (HB), backcrosses to H sires (HFy) and back-
crosses to B sires (BFy), They aijusted thelr data fcr
effects of sex, year, and age of dam with least squares
analysis, Heritability estimates by the paternal half-sib
method for birth weight were: H, 0.15; B, 0.16; BH, 0.55;
HB, 0.50; HFl' 0.26; and BFy, 0.20. Heritability estimates
for weaning weight were: H, 0.,24; B, O.44; BH, 0.25; HB,
0.22; HFl, 0.07; and BFl' 0.19. Estimates for feedlot gain
were: H, 0.74; B, 0.23; Bd, 0.90; HB, 0.00; HFy, 0.42; and
BFl. 0,70, The authors noted that the estimated genic
varlance and heritability ranked in the same order for all

characters with one minor exception. They concluded that
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selection would be roughly as effective in crossbreds as in
purebreds,

One study was also located in the literature that dealt
with heritability estimates and genetic correlations between
straightbred and crossbred lambs. Eassett and Shelton (1966)
studied birth weight, slaughter score, and 120-day weight of
lambs out of straightbred ewes, and sired by rams of the
same breed, and rams of two other mutton breeds. Heritability
estimates for birth welght were 0.60 for the adjusted data
in the straightbred lambs, and 0,24 and 0.03 for the cross=-
bred lambs, Estimates of heritability of adjusted 120-day
weight for the straightbred lambs were 0.47 and 0.39, as com=-
pared with 0.25 and 0.45 for the crossbred lambs, Estimates
of heritablility for adjusted slaughter score were 0.29 and
0.33 for the straightbred lambs, and 0.21 and 0.19 for the
crossbred lambs. The two estimates include data which were
both ad justed and not adjusted for environmental effects as
determined by least-squares analysis. In only one instance
did the crossbred data give a higher estimate of heritability
than the straightbred data. The genetic correlation between
birth welght and 120-day weight in the crossbred data was
0.87. This was the highest value found in the study. The
authors did not quote other genetic correlations.

The literature contains numerous studies of heritability
estimates for economic traits in straightbred and purebred
beef cattle., There are, also,a few estimates of genetic

correlations between economic traits in straightbred and
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purebred beef cattle. Warwick (1958) attempted to summarize
studies which were known to have been reported up until that
time. Those heritabllity estimates, related to this study,
are given in table 1,

Table 1., Heritability estimates for beef cattle characters
(Warwick, 1958)

—
anm—

No. of Av. of Range of
Character estimates estimates estimates
% %
Birth weight 15 b1 11-100
Weaning welght 26 30 -13-100
Post-weaning
feedlot gain 13 L5 19-70
Post-weaning
pasture gain 6 30 9=43
Carcass tralts:
Carcass grade 5 34 -30-84
Rib eye area 3 69 69=-72
Conformation grades:
Weaning 16 26 0=53
Slaughter 5 39 -13-63

Warwick also summarized the genetic interrelationship
of tralts in beef cattle that had been studied prior to his
summary. Results prior to 1958 showed one study indicating
a negative relationship between maternal abilities and post-
weaning gaining ability; another giving positive genetic

correlations for gains of steers through three seasons, in-
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cluding a winter feeding period, grazing for a sumrer, and a
second winter feeding period; and one with positive zenetic
correlations between zains in consecutive S4-day periods of a
252=-day feedirs perlod. Observed positive geretic, but nega-
tive environasntal correlations between weaning score and
subsequent feedlot gains were found by one group of workers,
Several others studied genetic relationships among grade and
gains at varlous periods. OCnly a few reports on genetic
correlations had appeared at that time due to the large bodies
of data required for precise cstimates.

Warwick's suuamary has been used as a hase for this review,
No attempt has been made to duplicate the literature cited
in his sumnary.

Table 2 1is an attempt to summarize heritabllity studlies
since Warwick completed his summary in 19538, including esti-
mates related to this study. Only heritability estimates
obtained by the paternal half-sib method are included., The
estimate 1s a simple arithmetic average of the values reported
by the research workers., No attempt has been made to adjust
values to nuamber of head of cattle included, varliance of the
estimate, etc, Where a worker reported more than one value
(different sexes, different breeds, different planes of nu-
trition, etc.) one combined averaze value was obtained,
Again, thils was a simple arithmetic average with no ad justment
made., If the author gave a pooled estimate, this was the one
used. Thus, the summary contailns one estimate per trait, per

report, with each receiving equal welght.
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Table 2. Heritability estimates for beef cattle characters

No., of Av, of Range of
Character _estimates estimates estimates References
% 3
Birth weight 17 Ly 11-100 61,95, L6, 84,

90,82, €67, 6 ,
b9, &4, 8o, 43,
77,50, 24, 33,
70,48,

Weaning score 27 37 5=70 10, 47,99, 3,
100, &5, 82,
72, 63, 67, 6,
78, 49, 18, 60,
36, 57, 62, 80,
55, 12, 69, 23,
91, 34, 50, 70,
48,

Weaning weight ko 35 -12-100 61, 97, 10, 68,
460 u‘?v 840 990
90, 3, 100, 85,
82, 67, 6, 78,
64, 86, 36, 9,
88, 35, 89, &,
57, 80, 79, 21,
76, 55, 43, 20,
12, 69, 23, 42,
77, 50, 24, 70,

Final feedlot
welight 17 57 2-100 81, 84, 99, 5,
3, 100, 85, 82,
86, 9, 8, 88,
21, 19, 58, 13,

70.

Marbling score 2 47 31-563 9., 23,

Final carcass grade 9 57 0-135 10, 13, 3, 82,
56, 17, 21, 20,
23.

Fat thickness 8 48 24274 13, 82, &6, 9,
17, 21,20, 23.

Rib eye area 9 58 12-156 13, 82, 56, 9,
17.44.21,20.23.

Actual cutability 1 23 23.

Long yearling 97. 3., 85, 66,

pasture weight 10 40 10-71 6,36359,76,58.7"
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Several summaries of heritability estimates have been
nade since Warwick's. Gregory (1981) presented a sumnary
almost identical to that of Warwick, He did not identify
the references included in each trait. Clark et al.,(1953)
included two tables of heritabllity estimates, but he did
not obtain an average value for each trait., Iost of his
references were included in the sumnmary by Warwick, but he
included a few later studies,.

Table 3 1is a summary of genetic correlations reported for
cattle since 1958, Warwick (1958) presented a brief dis-
cussion of the work up to that time, but did not present
actual values,

Petty and Cartwright (19658) prepared a summary of
cenetic and environuental statistics for growth and confor-
mation traits of young beef cattle. A number of the traits
were the same ones studied in this work. They presented
welghted averages of paternal half-sib estimates, as well as
unwelighted ones. The estlmates were averaged by welghting
them with either the nunmber of sires included in each esti-
mate or the estlmated number of sires based on the average
nunber of offspring per sire in the other estimates of that
tralt. Genetlc correlations were glven, with appropriate
sire-weighted averages determined by the "Z" transformation
method using the number of sires or the estimated number of
sires involved in the estimate when the actual number was
not given, These sunmaries are presented in tables 4 and 5.

The authors tried to select the most independent and pertinent
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Table 4, Summary of heritzbility averases obtained by
paternal half-sib method (Fetty and Cartwright,
1966)

 —  — —  — — —

Off. per
No, of Unweighted Welghted sire,wzighted
Trait estinates average averasce average
Birth wcight 21 AL oo 16
deaning score 2 .34 .36 16
weaning weight 30 33 «32 14
Final feedlot
welght 15 .56 52 10
Yearling pas=-
ture weight 9 <39 Sl 10

Table 5., Summary of genetic correlation averages.
(Petty and Cartwright, 1966)

Off. per sire
Correlation welghted
between Overall Te Welghted r; average

Birth welight -
Weaning weignt .58 .58 21

Eirth weight - )
Weaning score -.01 . 36 13

Birth weizht -
Final feedlot weight .61 L6U -

Weaning weight -
Weaning score .24 «39 13

Weanlng welilght -
Final feedlot weight <75 .79 11

Weaning weight -
Yearling pasture
welght U6 67 12

Weaning score - Final
feedlot weight U7 LU43 -

Weaning score - Year-
ling pasture weight -.08 -.03 10
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information available., ‘The summary varies frou the ones in-
cluded in this study since it contains selected references
dating back to the first studies (1946). Thus, it contains
references cited in Warwick's summary, as well as those
presented 1n this study.

In general, the review of literature summary of herita-
bilitles in this study 1s higher than those of Warwick (1958)
and Gregory (19561), averaging about 9% higher in the traits
included in all sumanaries. The study 1is in rather close
agreement, however, with the summary of genetic statistics given
by Petty and Cartwricht (19¢£), including both heritabilities
and genetic correlations. There are some differences in the
data included, as was discussed earlier, but in a number of
the heritability estimates aud ~enctic correlations, the
ra jority of the references used were identical in both cases.
In some cascs they organized the material in a slightly
different manner than that done in this study. The present
summary also contains some additional references not included
by Fetty and Cartwright, cor published after their study.

At best, heritabllity estimate averages and zenetic
correlation averages presented can only be used as a gulide,
but they probably give as good an overall picture as anything
presently avallable. All svmmaries combined represent over
100 stucdies, and include a high percentage of the work done
since 1946, when the first estimates were made. We must

realize, however, that the values may be biased by rany yet
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undetermined factors. Some of the estimates are based on

too few estimates to glve the type of accuracy and confidence
useful estimates should have. It 1is hoped that these sumumaries
may be of value to research workers to compare thelr future
estimates with, and for them to use in formulating breeding

plans in beef cattle,






MATERIALS

Data for this study were obtained frow an experiment
designed by Gregory et al. (1965, 19606a, 1966b and 15566¢)
to evaluate the effects of heterosis on traits of economic
value in beef cattle,

The plan of the experiment was described by Gregory et
al. (1965, 196%a, 1966b, 1966c). The experiment began in
1957, High grade heifer calves were purchased from Angus,
Hereford and Shorthorn breeders in llebraska, Montana and
Colorado, All females were outbred and randomly selected
from large populations of their respective treed. The three
breeds were chosen because they are the most lzportant ones
used for beef production in the United States. The plan was
to obtain calves of each breed from a number of sources,

Table 6 contains the design of the experiment, showing
the total nuwber of sires, dams and calves by subgroup., The
numbers vary slightly from those shown by Gregory since all
calves not having complete data recorded on them were dropped
from thils study. This was necessary for the computing of
genetlc correlations and covarliances.

Table 6, Experimental design showing the total number of
sires, dams and calves by subgroup.

Breed of sire and number of offspring

Dams Hereford Angus Shorthorn Total
Breed No. [T FO N F W F offspring
Hereford 80 63 53 35 25 34 35 245
Angus 80 29 37 55 56 26 39 242
Shorthorn 80 33 33 34 27 66 57 250
Total 240 125 123 124 108 126 131 737

8y~ male, PF= female
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The original experimental design included eighty fe-
males of each of the three breeds. These females produced
four calf crops (1960, 1961, 1962 and 1963). Recause all
females were the same age each year, calves produced during
the four years were out of 3-, 4-, 5-, and 6-year-old dams,
respectively. Females not calving in any given year were
removed from the experiment.

The design of the experiment included using four bulls
of each breed per year. This was revised slightly, with
three Angus bulls being used in 1960, and six in 1963, This
made a total of 16 Hereford bulls, 17 Angus bulls, and 16
Shorthorn bulls. These bulls were obtained from breeders
or experiment stations in Montana, Wyoming, Colorado, North
Dakota, Nebraska, Kansas, Oklahoma, Iowa and Missouri. A
deliberate attempt was made to obtain bulls from different
sources. Some of the sires were inbred, but the inbreeding
was low, The sires representel a crass-section of thelr respec-
tive breed. The females were randomly allotted to breeding
pastures, wlth twice as many being exposed to bulls of their
own breed as to each of the other breeds.

Site of the experiment was the Fort Robinson Beef Cattle
Research Station, Crawford, Nebraska., The station is lo-
cated in the Mixed Sandy and Silty Tableland of northwestern
Nebraska., The average rainfall in the area varies from
about 15-18 inches per year, and the native range vegetation

is made up of short and intermediate grasses.
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The management of the experimental herd included a
calving season extending from approximately February 10 to
May 1, with the majority of calves being dropped between
February 20 and March 31. Calves ran with their dams on
native pasture until weaning time, which was the first week
in October each year. Calves averaged from 200 to 210 days
of age at weaning time. All calves from each calf crop were Al
weaned on the same day. Birth weight was recorded on each
calf within 24 hours of birth, All male calves were -
castrated and all calves with horns were dehorned at the
time they were weighed. The weaning weight was recorded in Octo-
.ber, All weaning weights were ad justed to a constant age of
200 days, by multiplying the average daily gain by 200 and
adding the ©birth weight, A committee evaluated the beef
conformation of each calf at the time they were weaned, The
scoring system used is listed in table 7. Most of the calves
were given tre crcice graies,

All the heifers from each year were run together with
the exception of the breeding season of their dams. Those
dropped in 1960 and 1961 were managed for calving as 3-year-
oldl: They were fed 1 pound of a 40X supplement per head
ﬁor day on native range during the first winter., The ration
was planned to produce gains of approximately 0.5 pound per
day during the 196-day wintering period from weaning in
October until April. The following summer the heifers were
grazed on native summer range for a grazing season of 154

days.



- 24 -

“Fe heifers from the last two calf crops (19¢2 and 1963)
were managed for calving as 2-year-olds., They were grazed
on limited native range the first winter, but received about
5 pounds of concentrate feed per head per day 1in addition
to a liberal feeding of hay. This program was planned to
produce a daily gain of about a pound during the 196-day
period. These heifers were grazed during the following
summer on a short and intermediate grass range similar to
that used with the first two crops of heifers.

Following weaning, all steer calves were fed for a post-
weaning period of 252 days. Weaning weight and date were
used as 1initlal weight and the base date for the feeding
period. A growing-fattening ration with approximately 65%
TDN was fed to the steers. The 1960 steers were group fed,
while the 1961, 1962 and 1963 steers were on a program of
individual self-feeding. The feeding program for the indi-
vidually fed steers consisted of a 2- to 3-week conditioning
period, followed by the use of individual self-feeders for the
rest of the 252-day period. The steers were randomly
assigned to their individual feeder, and were tied to their
feeder overnight except the 1963 steers which were fed part
of their feed during the day.

The feeding program-consisted of a pelleted ration in
1960 and 1961, and one that was ground and mixed in 1962 and
1963, During most of the years about 1.5 pounds of long

grass hay per steer was fed free choice to the group before
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they were fed their individual grain ration. FPlenty of bunk
space was avallable for the hay and it was readlly consumed.
Ample water was avallable to the steers in thelr group lots
when they were not in their individual feeding area. All
steers were slaughtered at the end of the 252-day feeding
period each year at an average age of 452 days.

Carcass measures and grades were obtained on all four
calf crops in a commercial beef cooler., Detalled carcass
cut-out data, using the right side of each carcass, were ob-
tained on calves from the 1961, 1962 and 1963 calf crops.
Processing of wholesale cuts was on the basis of boneless,
closely trimmed cuts (not over 0.3 inch of fat on any surface).
Retail product, fat trim and bone were weighed and recorded.

All cuts were boneless with the exception of the loin
which contained the vertical and spinous processes, and the
rib which contained approximately 6 inches of the rib bones.
The same cut-out procedure was used on all carcasses, Data
was adjusted to a complete carcass basis by multiplying the
cut-out values obtained from the right side of each carcass
by two.

Beef cooler carcass data were obtalilned by official
graders of the U, S. Department of Agriculturec.

Actual cutabllity was not obtained for the steers pro-
duced in 1960, This was estimated from the percent retail
cuts estimated by the USDA equation,using data from the other
three calf crops as a guide. A list of the trailts used in
this study is shown in table 7.
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Table 7. Lescription of the traits used in this study.

Item Description
Steers and Heifers (Freweaning):
Birth weight Actual btirth welgnt
Jeaning score 7 low good, 8 = av. good,

9 high good, 10 = low
choice, 11 = av. choice,

12 = high choice, 13 = low
prime, 14 = av., prime, 15 =
hich prime

200 day welgnt Average dally gain birth to
weaning x 200 + birth weight

Steers (Postweaning):

Ad justed final weight Actual final welizht minus
actual weaning weight + 200
day welght

larbling score 0 = tr.
1 = sl-, 2 =sl1, 3 = sl+
4 = sm=-, 5 = sm, 6 = sm+
7 = mt-, 8=mt. 9 = mt+
10 = md -, 11 = nd, 12 = md+
13 = sl.ab.=-, 14 = s1,ab.,
15 = sl.ab.+
16 = md.ab.=-, 17 = mnd.ab.,
18 = md.abo"'
19 = ab- 20 = ab

Final carcass grade 7 = low good, 8 = av.good,
9 = high good, 10 = low

choice, 11 = av, choice,
12 = high choice, 13 = low
prime, 14 = av.prime, 15 =
high prime

Fat thickness A single measurement taken
3/4 the distance of the
longest axis of the rib-eye
recorded to the nearest .01

inch.
Rib-eye area Square 1inches
Actual cutability Lbs, of boneless closely

trimmed beef from the rourd,
loin, rib and chuck.
Heifers (Postweaning):

Ad Justed 550 day welght 550 day welght minus actual
weaning weight + 200 day
weiégt




SIATISVICAL isluiCUS

The statlistical analyses of the cata to nsasure the
cffects of hneterosls were explained bty Sregory et al. (1905,
19¢cba, 190>k, 19voc)., Because the cattle used in thnat study
and this study are identiczl, with a few exceptions,
the analyses done by Gregory were not repeated.

Variance components for all traits studled were ottained
from analysis of variance tables.

The experimental design included a new crop of sires
each year which caused a hlerarchal design with sires nested
within breed of sire and year, but cross-classified with
breed of dam. Year and sires were random effects, with the
other maln effects being fixed. Steers and helfers were
analyzed separately for each trait. Thils was necessary
primarily for the analysis of post-weaning traits and corre-
latlons between pre- and post-weaning traits because of
different management after weaning.

Since the same set of females were used throughout the
study, age of dam was confounded with years. Traits affected
by age of dam cause the mean squares for years to be aug-

mented by the age of dam effects.

Method of Analysis:

The following general model was used to analyze the data
in the study, except where otherwise noted.

General Model:

Tijklmo =M + V13 + Syjk1m + €4 jx1mo

- 27 -
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an effect common to all animals

-
oo

trait

Yi3 = an effect common to all animals calved in the
jth year.,

sijklm = an effect common to all calves sired by the

nth gire of the kN breed of sire when mated

to the 1%h vreed of dam in the Jth year.,

€4 jklmo = the random experimental error.

General Design of the Experiment:

Table 8 is used to explain the general design of the

experiment,

Explanation of information in cells of table 8:

This table 1s an example of several that were used in
the analysis. This 1s an example of steer calves from Here-
ford sires, and using one combination of two trailts as an
example: birth weight and yearling weight. A similar one
was used for heifer calves from Hereford sires for these two
traits. Similar tables were used for each pair of trailts,
in each sex, and in each sire breed group (Hereford, Angus,
and Shorthorn), except where otherwise noted.

Each cell (A to O) in the table was made up of mean

squares or covariances including the following sources:

Source:

Years
Sires/Years
Calves/Sires/Years
Each cell in the table included the following information:
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A,

D,

Heritability of the traits birth weignt (bw) and
yearling weizht (yw) in the straightbred Hereford

population,

Genetlic correlation between production of the
traits (ow) and (yw) in the straightbred Hereford

population.,

Heritability of the traits (bw) and (yw) in the

Hereford-Angus crossbred population.

Genetic correlation between production of the
traits (bw) and (yw) in the Hereford-Angus cross-

bred population.

Heritability of the traits (bw) and (yw) in the

Hereford-Shorthorn crossbred population.,

Genetic correlation between production of the
traits (bw) and (yw) in the Hereford-Shorthorn

crossbred population.

Correlation between the genetic ability of a sire
to produce straightbred Hereford progeny and his
genetic ability to produce Hereford-Angus cross-

bred progeny for the trait (bw).

Correlation between the genetic ability of a sire
to produce straightbred Hereford progeny and his
genetlc ability to produce Hereford-Angus cross-

bred prozeny for the trait (yw).
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L#¥ Correlation between the genetic abllity of a sire
to produce the trait (bw) in straightbred Hereford
progeny and his genetic ability to produce the
trait (yw) in a Hereford-Angus crossbred population

(and vice versa).

il Correlation between the genetic abllity of a sire
to produce stralghtbred Hereford progeny and his
genetic abllity to produce Hereford-Shorthorn

crossbred progeny for the trait (bw).

N Correlation between the genetic abllity of a sire
to produce straightbred Hereford progeny and his
genetic ability to produce Hereford-Shorthorn

crossbred progeny for the trait (yw).

o* Correlation between the genetic ability of a sire
to produce the trait (bw) in straightbred Hereford
progeny and his genetic ablility to produce the
trait (yw) in a Hereford-Shorthorn crossbred popu-

lation (and vice versa),

* Due to the many combinations of traits involved, a limited
number were selected to study (birth weight, adjusted
weaning weight, ad justed final weight (steers) and 550-day
welght (heifers), and actual cutability). These traits were
selected because they secmed to be the most important

economically. Since adjusted final welght and 550-day

welght were thought to be the most important single traits
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studied, the correlations involved combinations of the other
three traits with ad justed final weight and weight at 550
days of age.

Estimates of genetic parameters and standard errors of
the estimates were obtained by use of the Least-Squares and
Haximun Likelihood General Purpose Program (LSMLGP) written
by Walter R. Harvey, Ohlo State University, who assisted in
the computations of the analyses on this portion of the
data. Detalls are given by Harvey (1960, 1964). The pro-
gram subroutine,which computes these genetic parameters,

calculates estimates that are identical to those obtained

by the Henderson (1953) Method 3.
The standard errors calculated by this program are

approximate because no allowance is made for adjustments of

data for the effects of fixed factors. They thus afford

only minimum estimates of the standard errors (standard

errors are at least as large as these). Formulas used in

the program to obtailn estimates of these standard errors

are modifications of those glven by Swiger et al., (1964)

and Tgllis (1959).
The following model was used for computing estimates of

heritabllity and genetic correlations from paternal half-

sibs:
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Tigkl = M+ Y1 + Sy3k + ey
M = an effect common to all calves.

1

trait

Y13 = an effect common to all calves calved in the jth
year.

Sijk = an effect common to all calwves by the kth sire

in the Jth year.

€33kl = the rancdom experimental error.

Dickerson (A. S. A. P., 1960) and Lush (1948) have de-
scribed the expected composition of variances and mean
squares, Table 9, from Dickerson, summarizeg these.

Methods of estimating variance and covarlance components
with unequal sub-class numbers have been outlined by Hazel
et al. (1943), Henderson (1953), and King and Henderson (1954).

Paternal half-sib heritablility estimates and genetic
correlations for traits within a mating type were computed
using the analysis of variance form shown in table 10,

The form 1is similar to that used by Hazel et al. (1943).
Sums of squares and cross products were computed in the
usual manner,

The within sire component V(wi) expresses the variation
between individual offspring by the same sire. The between
sire component V(S;) expresses the differences between the
true averages of sire groups. Therefore, offspring from
different sires have an expected variance V(wi) + V(Si). The

subscript 1 denotes the trait being studied, The between sire
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Table 10. Analysis of variance and covariance for computing
heritabilities and genetlc correlations.

E§pected Expected
covariance

Source d,f. Mean Squares

Years p-1

Sires/Years P(n-1) V(W) + ky(S,) Cov(WyW,,)+
koCov(sisl,)

Calves/Sires/ pn(k-1) V(Wy) Cov(WyW,,)

Years

Total pnk-1

component is multiplied by ko which signifies the average

number of calves per sire group,

Where unequal numbers of calves per sire group are

present, ko 1s expressed by Hazel and Terrill (1945) as:

k, = (EXF - €(x)°
€ k(n-1)

where:

k = number of offspring per sire

n = number of sires

The between sire component (V(s))is calculated from the
1 r
formula"ib(msbetween sires™ MSyitnin sires)'
Hazel and Terrill (1945) outlined relationships between

components of varliance and the genetic and environmental

varlance for different systems of mating (non-inbred in this

study) :
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Non=-inbred populations

Source Component
Variance of offspring V(S) (2)V(G)
V(W) (3/8)V(G)+V(E)
V(8)4V(W) V(G)+V(E)

This says, in effect, that the varlance component for be-

tween sires, V(S), 1is considered to be an estimate of % of the
variance, and the varlance component for within-sires,

genic
variance plus 3/4 of the

V(W), 1s considered to be non-zenic

genic varlance,
The genic variance, V(G), includes all the variance that

can be attributed to the average effects of the individual genes.

The non=-genic variance, V(E), includes the effects of environ-

ment, dominance and epistasis.

In random mating populations, the contribution of the

various underlying correlations of different genic effects

to the phenotypic half-sib correlation are as follows:

Yoo = 3, rpp = O» and ryy seems to be about 1/16 for two-gene

interactions, 1/64 for three-gene interactions, etc. (Lush,

1948),

In this study, the phenotypic variance of each calf 1is

made up of the genic variance plus the environmental

variance. This can be symbolized as follows:
V(P) = V(G) + V(E)

The components of variance and covariance in this study can

be attributed to (1) differences between calves by different
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sires and (2) differences between calves by the same sire,
The estimates of the components of wvariance and co-
varlance for our problem were derived as follows:
(methods of Hazel et al., 1943):
Variance

Genic Variance - V(G):
V(Gl) = 4,0 V(84)

V(Si) = variance between sires for the ith trait

Varilance among calves by the same sire = V(W):
V(wi) = 3/14' V(Gi) + V(Ei)
V(wi) = within sire variance for the ith trait.

Non-genic Variance - V(E):
V(Ey) = V(W,) = 3/4 V(G,)

Phenotypic Variance - V(P):
V(Pl) = V(Gi) + V(Ei)

Covarliance

Genlc Covarlance:
COV(GiGil) = 4,0 Cov(Slsiu)

Covariance among calves by the same sire:

Non-genic covarlance:
Cov(E4E31) = Cov(W,Ws,) - 3/4 Cov(G3Gy,)

Phenotypic covariance:
Cov(PiPi.) = Cov(GiGl.) + Cov(EiEi.)

Discussions of heritability are given by Lush (1940, 1948,
1949), Of the methods described in these articles, the



paternal half-sib method is applicable to this study. The

general procedure for computing heritabllity by this method

is as follows: First, subtract the environmental component

from their observed resemblance. Second, multiply the re-

sult by four. Third, correct for any deviations from random

mating. This estimate includes the genic variance, a small

amount of the epistatic variance, but none of the dominance

variance, It includes nothing from the maternal environment pe-

cause paternal half-sibs are used. Tallis and Klosterman (1959)

discuss the factors that influence hneritability estimates ob-
tained by the paternal half-sib method.

Heritabilities within each of the breeding groups were

computed as follows:

4V(Si)

V(wi) + V(Sl)

The estimates of heritability of the tralts pooled for
the different breeding groups in the straightbred population
and pooled for different breeding groups in the crossbred
population were computed using pooled variance components,
These were obtained by adding together the V(Si) and the
V(W4) for the different breeding groups within the straight-
bred population and within the crossbred population.

The same procedure as discussed earlier was then used.
The computer program used in obtaining these estimates was

written by Marsha Spieler, graduate student in Animal Hus-
bandry at Michigan State University.
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lethods for estimating genetic, environmental, and pheno-
typlc correlations have been developed and described by
Hazel, et al. (1943).

The following formula was used to obtain the genetic

correlation between two traits in a single population:
(COV Sj_Si|)

r =
GiGil VV(Si) N V(sl')

where:

Cov S484, = covariance between sire effects for the

two traits (1 and 1itv).

V(Sl) = the between sire component of variance for

the i1th trait.

V(Si.) = the between sire component of variance for

the 1'%h trait,

The method of computinzs the correlation between the
genetic ability of a sire to produce straightbred progeny
and his genetlc ablility to produce crossbred progeny was
complicated because of the unequal numbers encountered in
the data (k being different for the two groups).

A method suggested by Robison (1967) was used to obtain
the covariances needed to estimate the correlation between
the genic value of a sire for producing straightbred and
crossbred calves., The covariance between the strailghtbred
and crossbred calves by a sire was computed simply as the

covariance between the progeny means of the two groups. Robi-

son thought that the method seemed clear for equal numbers,
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but left some doubt when used with unequal numbers., His com-
prarison of the method with one usinz an ad justment for un-
equal numbers (Robertson, 1962) resulted in essentially the
same results. Thus, he felt that this method would do a
reasonably good job of estimation. Comstock (1961) suggested
this simple covariance when he estimated the covariance of
sire effects in his population under selection and the popu-
lation cross by using the simple covariance between straight-
bred and crossbred half-sib family means taking the two kinds
of families by pairs having common sires.

The covariance of sire effects of sires bred to their
own breed (straightbred progeny) and bred to one of the
other two breeds (crossbred progeny) was estimated using the

following general formula (Cov spigéi)’

£

Yy jkim. Y3 jx10m, - € (Yijkl..)(Yijkl'..)

Jm
i M
(Enj - u’)
where:
1 = trzit
J= year

k = breed of sire
1l = breed of dan

m = Sire
ny= number of sires in ith year

An example to symbolize how the covariance of sire

effects for sires bred to their own breed, and bred to other
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breeds, for a given trait, is given below. We are using

trait #1 (birth weight), and Hereford sires with calves out

of Hereford and Shorthorn dams:

€Y} yumm. Y1 jHSm. - c (Y yum, .0 By gs, )

i 3 By

(Eny = 4)

When a covariance of sire effects was studied for one
trait in the stralghtbred progeny, and another in the cross-
bred progeny (and vice versa), the following procedure was
used. The example used is trait #1 (birth weight) in the
progeny sired by Hereford sires and out of Hereford dams, and
trait #4 (yearling weight) in the progeny sired by Hereford

sires and out of Shorthorn dams (and vice versa):

éE.YinHm.YﬁJHSm.' (YinH..)(YﬂJHS..)
- £ S

d +
(an-U)

I 3 Ny
(Enj-lﬂ

The formula used to estimate the correlation between the

€ Yy jHHm, Y1 juSn. - E(Yu.1}m..)(f1.1as..)/2
7

genetic ability of a sire to produce straightbred progeny and
his genetic ability to produce crossbred progeny for a single
trait, or one trait in one population and one in the other

population (and vice versa) was as follows:



Cov 854 S,

T =
Gp1Gey

where:

Cov §p1 501 = covarlance between the progeny means
of the straightbred calves (§b) and
crossbred calves (§c) for the 1°h
trait.

V(Spi) = the between sire component of wvarlance for

stralghtbred calves by a sire for the 1th

trait.

V(Sci) = the between sire component of variance for
crossbred calves by a sire for the 1th

trait.

Progeny means were computed using One-Way Analysis of
Variance with Unequal Number of Replications Permitted (UNEQI
Routine) which was programmed by Donald F. Kiel, and the de-
scription written by William Ruble, Donald F. Kiel, and Mary

E. Rafter, Agricultural Experiment Station, Michigan State
Universitye.

The covarlances between the progeny means of straightbred
calves and crossbred calves by the same sire,within years.were
computed, as explained earlier, using a modification of the sub-
routine of the BASTAT Program prepared by william iuble, Agri-
cultural =“xperiment Station, liichigan State University.
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The between sire components of variance for straightbred
and crossbred calves by a sire were obtained from the Least
Squares and FMaximum Likelihocd General Purpose Program
(LSMLGP) written by Walter Harvey, Ohio State University.

The program for computing the correlations between the
genetic abllity of a sire to produce straightbred progeny
and his genetic abllity to produce crossbred progeny for a
single trait, or one trait in one population and another
trait in the other population was written by W. T, Magee,
Animal Husbandry Department, Michigan State University.

This correlation between the genetic ability of a sire
to produce strailghtbred progeny and his genetic ability to
produce crossbred progeny can be shown more clearly using a
path coefficlent diagram.

Since the blometric relations between individuals can
be described in terms of correlations or varlances, we can
1llustrate them by using the method of path coefficients.
This method was described and used by Lush (1948).

Flgure 1 is a path coeffilclent dlagram illustrating the
correlations involved when a stralzhtbred sire 1s mated to
several cows of his own breed, and to cows of one of the
other two breeds. The 1illustration shows the bull being mated
to three cows of hls own breed, and to three cows of one of
the other breeds since the average number of offspring per
s8ire group in our study was between three and four (for steers

ko = 3.64 and for heifers kg = 3.33). The path between
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the genic value of a parent and its offspring is 3 in a ran-

dom mating population in which neither the parent nor off-

spring 1s 1inbred.
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RESULTS AND DISCUSSION

Values for the variance components between sires and
within sires and the covariance between the sire averages
for straightbred and crossbred calves, by sexes, are shown
in tables 11a, 11b, and 12, Table 1lla includes the covariance
between sire averages for stralghtbred and crossbred calves
including all traits where the covarliance of another trait
with yearling weight was calculated. Table 11b includes the
covarlance between sire averages for straightbred and cross-
bred calves, including the traits where the covariance among
different traits was not calculated. Table 12 includes the
components of variance for between sires and within sires
for different mating types and pooled averages for stralght-
bred and crossbred calves.,

Petty and Cartwright (1966) have summarized weighted
averages of genetic variance estimates in purebred and
stralghtbred beef cattle for birth weilght, weaning weight,
weaning score, final feedlot weight, and yearling pasture
welght., The genetic varlances obtained in this study agree
reasonably well with those obtained by Petty and Cartwright,

but, 1n general, are slightly smaller.
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Table 13 contains the paternal half-sib heritability
estimates for the straightbred and crossbred steer and
heifer calves, and the genetic and phenotypic correlations
for the straightbred steer and heifer calves. The original
statistical analyses of the data contained a separate
analysis for each mating type and sex (18 separate analyses),
as well as the pooled analysis separately for each sex. The
k, was very small (3.64 for steers and 3.33 for heifers), and
the degrees of freedom for sires was 13 to 15, therefore, the
standard errors of both the heritability estimates and the
genetic correlation estimates were large, making them of
little use as point estimates. The reason for classifyirnz the
data into such small groups was to get the variance components
needed to calculate the genetic correlations between the per-
formance of the stralghtbred and crossbred progeny by a sire.
The pooled within straightbred and crossbred analyses for
each sex were useful for showing trends. The pooled analyses
still have rather large standard errors because Kk, 1s small,
most values being between(Q3 ando.ﬁ. The sampling errors for
the separate analyses were considered too large to justify
publishing them.

Values greater than one are found in the table. It is
impossible for a true he<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>