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Abstract:

Field records from the American Simmental Association representing creep fed (CF) and non-creep fed
(NCF) progeny from approximately 100 different purebred sires were analyzed using least squares
mixed model procedures. Non-creep fed and creep fed data sets were subdivided into 1/2 and 3/4
Simmental cross populations, (NCF 1/2, CF 1/2, NCF 3/4 and CF 3/4, respectively) with 1,185, 4,033,
4,106 and 8,612 progeny per population, respectively, and analyzed separately due to confounding with
management unit. Dependent variables were birth weight, preweaning average daily gain (ADG) and
weaning weight. Independent variables were management unit (weaning weigh date within breeder
number), sire, sex (bull or heifer), age of dam (2 through 5 years or older), sex by age of dam and sire
by sex in Model I and sire by management unit in Model II.

Under Model 1, birth weight, ADG and weaning weight were significantly affected by management
unit, sire, sex, age of dam and sire by sex in all populations. Estimates of the percent of the total
variation for sire and sire by sex for birth weight were 5.7, 1.5; 7.2, 4.7; 2.8, .4 and 4.8, .5% for NCF
1/2, CF 1/2, NCF 3/4 and CF 3/4, respectively. The percent of the total variation for ADG and weaning
weight were essentially identical for both sire and sire by sex and were 2.7, 1.8; 1.4, 1.7; 2.4, .3 and
2.5, .6% for the NCF 1/2, CF 1/2, NCF 3/4 and CF 3/4 populations, respectively.

The genetic correlations (rge) of the sires' progenys performance within the two sexes for NCF 1/2, CF
1/2, NCF 3/4 and CF 3/4 were .77, .51, .82 and .89 for birth weight; .41, .33, .82 and .67 for ADG and
49, 2.7, .88 and .77 for weaning weight, respectively.

Only NCF 1/2 and NC 3/4 data were analyzed under Model II. Birth weight, ADG and weaning weight
were significantly affected by management unit, sire, sex and age of dam in both populations. Sire by
management unit was significant for all traits in the NCF 3/4 data only. The percent of the total
variation in the NCF 3/4 data for sire and sire by management unit were 3.9, 6.6; 3.7, 3.3 and 4.0, 3.6%
for birth weight, ADG and weaning weight, respectively. The rge for the NCF 3/4 data were .37, .53
and .53 for birth weight, ADG and weaning weight, respectively. The significance of the sire by sex
and sire by management unit interactions and the rge's suggest that in some cases sires may be
changing rank in the different environments. The presence of these significant interactions would
indicate that more work in the area of genotype by environment interaction may be necessary for the
future improvement of the beef industry.
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ABSTRACT

Field records from the American Simmental Association representing
creep fed (CF) and non-creep fed (NCF) progeny from approximately 100
different purebred sires were analyzed using least squares mixed model
procedures. Non-creep fed and creep fed data sets were subdivided into
1/2 and 3/4 Simmental cross populatioms, (NCF 1/2, CF 1/2, NCF 3/4 and
CF 3/4, respectively) with 1,185, 4,033, 4,106 and 8,612 progeny per
population, respectively, and analyzed separately due to confounding
with management unit. Dependent variables were birth weight, prewean-
ing average daily gain (ADG) and weaning weight. Independent variables
were management unit (weaning weigh date within breeder number), sire,
sex (bull or heifer), age of dam (2 through 5 years or older), sex by
age of dam and sire by sex in Model I and sire by management unit in
Model 1II. _

Under Model I, birth weight, ADG and weaning weight were signifi-
cantly affected by management unit, sire, sex, age of dam and sire by
sex in all populations. Estimates of the percent of the total varia-
tion for sire and sire by sex for birth weight were 5.7, 1.5; 7.2, 4.7;
2.8, .4 and 4.8, .5% for NCF 1/2, CF 1/2, NCF 3/4 and CF 3/4, respec-
tively. The percent of the total variation for ADG and weaning weight
were essentially didentical for both sire and sire by sex and were 2.7,
1.8; 1.4, 1.7; 2.4, .3 and 2.5, .6% for the NCF 1/2, CF 1/2, NCF 3/4
and CF 3/4 populations, respectively.

The genetic correlations (rge) of the sires' progenys performance
__within the two sexes for NCF 1/2, CF 1/2, NCF 3/4 and CF 3/4 were .77,
.51, .82 and .89 for birth weight; .41, .33, .82 and .67 for ADG and
49, 2.7, .88 and .77 for weaning weight, respectively.

Only NCF 1/2 and NC 3/4 data were analyzed under Model II. Birth
weight, ADG and weaning weight were significantly affected by manage-
ment unit, sire, sex and age of dam in both populations. Sire by
management unit was significant for all traits in the NCF 3/4 data
only. The percent of the total variation in the NCF 3/4 data for sire
and sire by management unit were 3.9, 6.6; 3.7, 3.3 and 4.0, 3.6% for
birth weight, ADG and weaning weight, respectively. The r,, for the
NCF 3/4 data were .37, .53 and .53 for birth weight, ADG and weaning
weight, respectively. The significance of the sire by sex and sire
by management unit interactions and the rge's suggest that in some
cases sires may be changing rank in the different environments. The
presence of these significant interactions would indicate that more
work in the area of genotype by environment interaction may be
necessary for the future improvement of the beef industry.
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INTRODUCTION

The objective of a sound animal breeding.program would be to change
the average genotype of a population as fast as feasible in a direction
which would improve the performance of the population. Two elements of
knowledge will be required: 1) the environmental influences and their
effects on the population must be predicted and 2).sélection must bé'
based on the most accurate indicators of the performancé of tﬁe popu-
lation in the different environments.

Changes in phenotypic ranking of different genotypes under vafious
gnvironments,could hinder the progress of animal breeding programs.
Progress becomes increasingly more difficult depending upﬁn the degree
of genotypic and envirommental interactions present in the various
populations.

"The’inability to appraise accurately the influences of general
feeding and management conditions 'enviromments' on a sire's proof
probably accounts for most of the mistakes in selecting éroved sires"
(Legates et al., 1956). It is with this thought in mind that the
preéent study was undertaken. The objectives of the study were to
examine the effects of several environmmental and genotypic influences
on the postnatal growth of Simmental cross progeny and.to assess the
importance of two specific genotype by environment interactions (sire

by sex and sire by .mangement unit interactions).
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The sire by sex interaction may be important in terms of accurate
sire evaluation. It is widely accepted that one of the best procedures
for accurate evaluation of beef sires is through progeny testing.
Preéently, however, the majority of the progeny tests being conducted
do not consider the presence of an important sire by sex interaction.
Examination of the sire by sex interaction in these data will hope-
fully aid in answering some of the questions concerning this particular
genotype by environment interaction.

The second interaétion, sire by management qnit, will also be
examiﬁed té gain additional knowledge about whether or not it is one
with which the industry must be aware of and use in the pursuitlof
the superior>genotypes. If the sire by management unit interaction
is found to bean important part of the variation associated with the
performance traité, it may be necessary to more completely evaluate
these interaction effects on the selection programs used in tédays

beef cattle industry.




LITERATURE REVIEW

General

Selection of individuals to be used in any breeding program is
the framework for genetic improvement in any species. Certain genetic
principles are present in all populations as outlined by Lush (1945).
Somg of these properties of.Mendelian genetics include:

a) The genes of a specie are not adaptably modified by their
environment.

b) Observed yields of gene combinations are affectéd by the
environment.

c) The homozygosity of a population is changed only by selection,
inbreeding or crossing of distinct lines. Mutation is rare
and genétic drift is slow due to lérge populations.

d) Genes will interact with one another.

The above concepts express the basis of seleétion within a given popu-
lation. Research has confirmed these principles but the application

of them requires much more work in the area of identification of
imﬁortant alleles and the interpretation of the multitude of effects

of each allelelon the populatién. Important breakthroughs in chemis#ry
and statistical theory are being made presently in this direction.

The ideas of envionmental influences upon population genetics

alluded to above has led to some basic philosophies of genotype by
environment interactions. Hammond (1947) believed that selection of

individuals within a population would be most advantageous if carried
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out in the environment which would best favor or enhance the particular |
trait in question. Upon fulfillmentlof the selection goals within

this environment, £he individuals could then bé utilized in other less.

favorable environments for that particular trait. The new environmentsi
' |

must, howevér, be satisfactory for other traits or criteria necessary
for the maintenance of the population.

Other work in the area of genotype by environment interactions =
yielded var&ing philosophies. Lush (1945) and Falconer (1952) both
expressed the view that selection of an individual trait or comﬁinétion:
of traits would be best exemplified by selection within the environment
the iﬁdiﬁidual would be expected to perform. Dickerson (1962) theo~
rized that in a broad sense there are no "independent'" variations in
the performances of aniﬁals due to their genotype and environmeﬁt.

The phenotypic expression of an individual's genotype requires a.
relatively fixed sequence of enviromments. Also, the influence of an
* environment occurs only as a change in the phenotypic expression of a
well-ihtegrated genotype.

Dickerson (1962) hypothesized that differences in pﬁenotypes
between genotypes could remain constant under differing environments.
This would indicate that there are average "genetic" and "environmental
effects contributing to the performance of an individuél, as well-as

additional variation due to the combined effects of genotype and

environment. This additional variation is not predictable from the
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individuals average effects.

_.Hull and Gowe (1962), after reviewing the literature, dedﬁctéd
that if a stock of animals from previous generations had been selected
for "high" performance in some trait, they could not be expected to do
consistently well in all enviromments. They felt it Was fair to assume
that optimum performance could only be reached by éelection under the
conditions that would be prgvelant during the futﬁre of that particular
popuiation.

Several important questions were asked by Robertson et al. (1960):

"Does the environmental level affect the ability to pick the

animals of superior genetic merit in that environment?"

In otﬁer words "is the heritability different in the different .
environments?"
"Is the ranking of animgis on the basis‘ofléehetic merit the
same in éll envirénments?"

. Or "what is the correlation between"breeding value' in the
different environments?"

-"Is there an iﬁteraction between genotype and environment?"

The concept of genotype by environment interacpion may be
expressed asa correlation if only two environments are considered
(Falconer, 1952). The response of a measured trait in two different
environments may be considered to be a single tréit Wﬁich has a defined

genetic correlation. This concept would allow one to determine
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whether or not a trait should be selected in the environment in which
the animal will be utilized or in the environment which would more
fully allow the expression of the trait in questiqn.

An expanéion on this theory was preseﬁted by'kobertson,(l959).

He reported that the expression of a genetic corrélétion for a trait
in multiple environments could be assessed through the use of mean
squares from a factorial analysis of variance. Tbe interaction of a
genotype by environment may be assessed from the variance of tﬁe-
genotype between each environment from the variable ranking of geno-
types within each environment. Thus a genetic correlation of 1.00
ﬁould indicate no interaction.

It was shown by Falconer and Latyszewski (1952) that if selection
was more effective in a favorable environment, that environment must be
able to reduce the random envirommental variation.&hich normally lowers
thé correlation between genotype and phenotype. This would mean that
the heritability of the trait would be higher in 'a favorable envi;on—
ment as opposed to a less favorable environment.

Classification of Interactions. The classification of inter-

actions was alluded to by Haldane (1946). He demonstrated that with
two genotypes and two environments there would be six different
combinations of responses to the two environments by the two genotypes.

He further showed that with M genotypes and N environments there would

M M1

be a possible M1 N1

different types of interactions.
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McBride (1958) pursued the question of genotype by environment
interaction in a somewhat different manner. His classifications of.
genotypes and environments dealt with 'inter' and 'intra' populations
or genotypes and 'micro' and 'macro' environments. McBride's theory
would yiéld four classifications of interactions. These classification
of interactions would be based upon differing responses of 'intra'~
populations within 'micro' and/or 'macro'—enviropments and 'inter'-
popﬁiations within "micro' and/or 'macro'fenvirénments.

McBride's clasgification of 'macro' environments would include
climatic differences as well as major differernces bétween managemeﬁt
practices. 'Micro' environments would be a classification iﬁpluding
miﬁot environmental differences such as changes in a population'é
behavior or sub-clinical infections within the pofulation for a
.pafticular macro-environment. Population differences would be those
between (inter) or Wi;hin (intra) breeds, lines or strainé of |
individuals, These types of interactions could individually inéorpof—
ate any or all of the classifications outlined by Haldaﬁe (1946).A

'Evidence has shown that such "intangibles" as social behavior
("peck order") in domestic fowi or certain behavioral patterns in
;wine can lead to interactiéns between micro—énvironméﬁts and intra-
population genotypes without the presence of an interaction betweén

macro-environments and the same intra-population genotypes.
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Intéractions have a definite relation to aniﬁal selection within
breeds or lines of a specific'specie. Thé exis;ence of this inter-
action may necessitate the practice of selection within the environment
for which the animal is to respond. Many workers have observed or
studied this type of interaction and Will_be reviewed in folléwing
sections. The presence of this type of interaction was felt by McBride
(1958) to be a very important source of variation in large animal
selec?ion.

An interaction involving.inter—population genotypes andumicro-
environments is not generally thought to be importaﬁt in the field of
applied genetics. However, the ideas on heterpsis suggest that
heterozygous genotypes are capable of handling a wider range of micro-
environménts than homozygous genotypes. Micro-environmental fluctu-
ations may cause some populations (purebred) to vary while there is
n; variation exhibited by other populations (hybrids). The contribu-
tions of a strain to the genotype environment interaction may‘be ddg
to the differences_in variation between the strains.

| The interaction of inter-population genotypes with‘macgo—
environments will influence important decisions in animal breeding.
Before an animal bréede; can select the breed or strain for his‘:
environmental situation he must first test for the preseﬁté of this

interaction. He must then determine whether or not the conditions

.under which he is to perform his selection are important, that is,
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whether or not an intra—pépulation by macro-environment interaction
exists. '"'The existence of highly adapted local races of many organisms
suggests that this interaction may be extremely prevalent'. McBridé'
(1946).

Dunlop (1962) classified genotype-environment interactions by ‘
categorizing the differences in genotype and environments'as-being'
"large" or "small". Large genetic differences would be those associ-
ated with between.breed or strains and small differences as being with-
rin breed or strains. The environmental differences ﬁould include with-
in region or managgment practices (small) or across regions or manage-
ment practides (large). These classifications are essentially the
same as those described by McBride (1958).

' . Dunlop (1962) maintained that the important genotype by enfirone
ment interactioﬁs would be the ones involving a "large" genotype
classification. |

Pani and Lasley (1972) summarized many of the above principles
into a classificatioﬁ system that most adequately exemplifies the
genotype by environment interaction. Utilizing the statistical
significance of differences in magnitude of change as well as ranking
of genotypes within an environment they were able to more accufately
determine the impact of a genotype-environment interaction. Figure 1

contains the four possible classifications of these interactions.

< RS L W
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1 Ay 2 By
N
Ax b
Ax
Bx
X
No rank change Rank change
No sign. interaction No sign. interaction

Genotypes (A,B)

Ax

Ay
Bx
By
E;’”""ﬁ"’—#ﬂﬁﬂ’ Ay

No rank change Rank change
Sign. interaction Sign. interaction

Environments (x,y)

Figure 1. Four different types of genetic by environment
interactions. (Pani and Lasley, 1972)
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A significant interaction could result in either a change in ranking of

genotype (Type 4) or a change in magnitude of genotype response (Type 3).

Sources of Environmental Variation (Beef Cattle)-

Throughout the literature the primary sources of environmental
variation which were examined were: sex of calf, age of dém and year
6f birth or season Wiphin yeér. Also examined were the effects of
herd and nutrition. One other environmental sources is whether or
not calves aré creep fed during the preweaning period. |

| All of these sources as well as others have been found to have‘
varied and/or predictable influences on the traits, birth weight,
preweaning. average daily gain (ADG) and weaning weight. Iq the
followiﬁg sections theeffects of these sources of variation will be
reviewed for an understanding of their importance and contribution
to gendtype by environment interactions.

Sex of Calf. T;aditionally sex of the calf has been recognized
as one of the brime sources of environmental variation in the birth
weight, average daily gain and weéﬁing weight of beef. calves. It
has been consistently reported throughout the literature that male
calves were heavier than female calves at birth. This was found by
Woodward and. Clark (1950), Koch et al. (1959), Marlowe et al. {1965);,
Brinks_gglgi. (1971), Kress and Webb (1972), Nelsen (1976) and many ‘
others Within the Hereford and Angus breeds of cattle. The diffgrehce .

in birth weights generally falls within a range of 1.5 to 2.5 kg with
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males being heavier. Taylor et al. (1960) reported a-difference of

2.0 kg (29.1 vs. 27.1 kg, males vs. females, respectively)vin Angus
calves and a difference of 2.3 kg (31.8 vs. 29.5 kg, males vs. females,
respectively) in Hereford calves. In a study involving 5,067 Angug
birth weights and 4,778 Hereford birth weights, Marlowe (1962) found

'a difference of 2.0 kg and 1.8 kg ﬁithin the two breeds, pespecti?ely,
with mal? calves being heavier (P<.0l) than female cal&es.

Laster gi_gé,‘(l973) repérted.that male calvés from Angus dams
were 3.2 kg heavier than female calves and male calves frbm Hereford
dams  were 2.9 kg heavier than female calves. _Smith EE”§l~,(1976)-
reported that méles were 2.7 kg heavier at birth than females (36.3 vs.
33:6 kg{ respectively) in a study involving 2,368 calves from Hereford
and Angus dams sired by Hereford, Angus, Jersey, South Devon, Limousin,
Charolais and Simmental bulls.
| Anderson‘and 0'Mary (1974) reported that Simmentél‘sired bull
calves from Angus dams were 5 kg (P<.01) heavier than contemporary
heifer calves (42.8 vs. 37.8 kg, respectively). Simmental bull calvesi
were found to be 3.6 kg heavier (P<.0l) than heifer éalves (42.2 vs.
38.6 kg, respectively) in a stﬁdy of 20,949 calYes‘conducted by
Burfening et al. (1977). Laster §£_§£.1(1973) examiﬁed the diffefencesf
between male and female birth weights of calves sired by Simmental
bull;. The difference between birth weights oflmale and'female calves .

from Angus dams and Simmental sires was 5.5 kg (37.8+.6 vs. 32.3+.6 kg,
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respectively). This difference was the largest single difference
within the seven breeds of sire analyzed. Calves from Hereford dams
and Simmental sires followed this same trénd With males being 3.2 kg
heavier than females. o

Much of the reported differences in birth weights between male
and female calvés is thought to be associated wifh the fact that
gestation length is generally longer in males than in females. This
difference does not alwéys explain the variation sufficiently,
however. Gestation length for males was found to be 1.7 days longer
(285.7 vs. 284.0 days, respectively) as reported by Smith EE;él- (1976)
and was similar to the 1.9 days reported by Bellows et al. (1971)
and the 1.2 days repofted by Cundiff gE_él, (197;). Even though
gestation length was a significant source of variation for birth weight
the differences in birth weights between males ;nd feméles remained
significant when this effect was statistically removed (Smith et al.
1976).

Sex of the calf is also a significant contributor to diffe;ences
in preweaning average daily gain between male (bull and‘steerj and
female calves. Marlowe et al. (1965), Kress and Webb (1972).

Schaeffer and Wilton (1974a) and others have all reported'significant
effects of sex on ADG., Work with Hereford and Angus calves by Tannér
et al. (1970), Brinks et al. (1972) and Brinks and Kmapp (1975) -

revealed that bull calves gained between .04 and .06 kg per day more

i
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than heifer calves. Nelms and Bogart (1956) reported that sex was not
a significant source of variation on APG in Angus male and female calves.
Their findings indicated that the adjustment of sex for birth weight
was enough to remove the effect of sex on .ADG. Woodward and Clark
(1950) élso reported that sex of the calf was not a‘significant source
of variation for ADG. Burfening et al. (1977) reported that sex was
an important (P<.0l) source of variation for ADG in Simmental sired
calves. The bull calves gained .08 kg per day more than the heifer
calves.

| The effect of sex of. the calf is generally significant for wean—
ing weight,'and iﬁ all cases the bull or steer calves apé hea&ier than
their heifer contemporaries. Thesé differences as reported in the
literature.are usually within the range of 10 to 25 kg for bulls vs.
heifers and 5 to 20 kg for steers vs. heifers. Brinks et al. (1961),
Pahnish et al. (196l), Linton et al. (1968), Tanner et al. (1970),
Kress and Webb (1972) and Nelson (1976) all reported ?hese trends with -
Hereférd and Angus calves. Cundiff et al. (1966) reported that steers
were 5.1 ké (P<.01) heavier than heifers at weaning and that bulls were
25.3 kg (P<.01) heavier than heifers at Weaniné; Differences between
bulls and steers may be in part due to‘the stresses of castration as
well as confounding of selection pressures with supefior males being

retained as bulls with the remaining males being castrated.
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Woodward and Clark (1950) reported that sex of the calf was not
significant for wgahing weight even though it was significant for
birth weight of the same individuals. They did report that the calves
with the larger birth weights were also larger ag weaning.

: Alstudy conducted o; 11,7407 three-quarter Simmental cross
éalves found that bull calves were 19 kg (f<.01) (260 vs. 249vkg)
heavier than heifer calves, (Ffiedrich et al. 1975). Burfening et al.
(1977).studied 9,361 one-half and 11,648 three-quarter Simmental cross
calves and féund a differencé of 19 kg (P<.01) (221 wvs. 240 kg) in
favor of the\bull calves. l

Age of Dam. The chronological age of a calf's dam is also con-
sidered to be one of the more-important sources -of envirommental
variation for birth weight, ADG and weaning weight of beef calves.

A dam's first calf is traditionally her smallest in terms of
birth weight with subsequent calves being heavier until she reaches
her mature size and age. As a dam nears the end of her prodﬁctiﬁe.
lifetime, the birth weights of her calves may degrease siigﬁtly.

This same trend generally applies to ADG and weaning weight of Hef
-calves.

Marlowe (1962) reported that birth weights of Hereford and Angﬁs ‘
calves increasé‘at a rate of .75 kg per year of age of the dam up
to 6 or 7 years of age. At this time they start to decrease. Lasley

et al. (1961), Koonce and Dillard (1967) and Kress and Burfening (1972)
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reported that peak:production in terms of birth weight.wgs reached at
6, 8 to 11 and 5 yearsiof age, respectively, in Hereford dams. Nelsen
(l976)tf6und that age of dam effects were maximized at 5 through 10
years of agé.in both Hereford and Angus damé. He reported'that birth
weights were 2.2, 1.0, 0.5'and 0.0 kg lighter in 2, 3, 4 and 11 year old
daﬁs of Angus breeding, respectively, when compared to 5 through 10
year old dam averages. In Herefords the differences were 3.2, 0.9, 0.0
and ;.9 kg for the 2, 3, 4 and 11 year old dams, respectively.

Burfening et al. (1977) reported differences of 6.9, 5.3, 4.2 and
1.4 kg (P<.01) in birth weights of Simmental cross calves_from 2, 3, 4
and 5 year old dams when compared to 6 through 8 year ol& dams,
respectively. The mean birth weights were 35.9, 37.5, 38,6} 41.4 and"
42.8 kg for the 2, 3,'4, 5 and 6 through 8 year old dams, respectively.

Laster et al. (1973) reported that age of dam had a significant
effect on birth weights of calves born from Heréford and Angus dams.
Birth weights of caives from 2 year old dams were 2.7 kg lighter tﬂan
‘calves from 3 year old dams and 3.6.kg lighter than Ealves from 4 and
5 year old-dams. The difference between bi?th weights.of_calves ffom
Simmental sires were 3.1 ké for calves from 2 and 3 yeatr old damswand
2.7 kg for calves from 2 and 4 or 5 year old dams.

The influence of the dam's age on birth weight as reported by
Smith et al. (1976) was not consistent among breed crosses. The‘

Simmental, Limousin and Charolais cross calves tended to have birth
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weights which increased at a slower raté as éhé cows neared ﬁaturity -
thgn.did the calves from Hereford, Aﬁgus, Jersey and Séuth Deyon crosses.
The incréase in birth Weights of the calves from 2 to_3, 3 to 4‘and 4 to
5'and older'ages.of dam averaged .4, 1.1 and 1.6 kg, respectively, for
the Hereford, Angus, Jersey and South Devon dams and 2.0, 1.9 and .8 kg,
respectively, for the Limousin, Simmental and Charolais dams. |

| The effect of age of dam was called "the most important source éf
variation'" for the ADG of Angus and Hereford calves by Marlowe andeaiﬁes
(1958). Cunninghém and ﬁenderson (1965), Marlowe et al. (1965) and
Kress and Webb (1972) all reported that age of dam was a significant -
‘source ‘of variatién on ADG in Hereford and Angus calves. Schaeffer and
Wilton (1974a) examined records of 25,571 Angus and 68;053 Hereford
calves and found highly significant age of dam effects on ADG. Neimé
and Bogart (1956) and Tanner et al. (1970) both d@términed that the
‘effect of age of dam on ADG only approached significance. Smith_gg_gi.
(1976) reported that ADG was significaﬁtly affected by age of dam.
The respective values for ADG of calves from 2, 3, 4 and 5 year or older
dams were .69, .78, .85 and .87 kg per day,.respgcéively. Also
examined was the relative preweaning growth rate expressed as the ﬁer—
centage change in body weight per day of age. Age of dam élso
significantly affected this tréit with mean values of'.82,v.863 +88 and

.88 for 2, 3, 4 and 5 year old or older dams, respectively.
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The age of dam effect on ADG in Simmental calves was found by
Burfeniné et al. (1977) to be highly significant. The‘largest ADG
was within the 4 yéar 0ld dams with the "mature" cows being slightly
lower, (.96 vs. .93 kg per day, respectively) probably due to some
confounding of age of dam and percentage of Simmental breeding in
the different age groups. The ADG of the calves from ﬁhe 2 and 3 §ear
ola dams were .87.and .92 kg per day, respectively.
Studies involving Hereford and/or Angus calves by Kress and Wébb .
(1972) and Kress and Burfening (1972) showed that age of dam was a
'significaqt source of variation for weaning weights. These researchers
reported that peak prSAuction for this trait wés reached at 5 to 10
" years of age. A study involving 19,907 Hereford and Angus records
conductedﬂaneliers et al. (1970) also revealed that the age of dam
affected (P<.0l) weaning weights of the progeny. The maximum produc~-
tioﬁ in the study was between 6 through 12 years of age with a décrease
in the weaning weights of calves whose dams were over 12 years of age.
Progeny from 2 and 3 year old one-half Simmental dams were used
in a study by Friedrich et al. (1975). Calves froﬁ 2 year old dams
were 9 kg lighter than calves from 3 year old dams (254 vs. 263 kg,
respectively). Burfening et al. (1977) also examined records of
Simmental sired calves. Their study also repérted peak weaning
weights of calvés from dams 5 through 8 yéérs of agé. The study

did not contain any dams older than 8 years however. The differences’

L) L
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. between the 2, 3 and 4 year old dams with the 5 through 8 year old dams

were ~-21, -8 and 0 kg, respectively (P<.0l).

Year Effects. The effects of year and/or month or season of birth

on birth weight, ADG and weaning weight have been reported in the’
literature as being varied and to a certain degree controversial. It
is generally thought that such traits as ADG and weaning weight Qould
increase over years due to selection for these traits. Not all
researchers are able to show this trend, however. Primaril%,the fime
effécts fluxuate from time period to time period with only limited
predictability.

Season and month of birth were reported to have a significant
effect on birth weight by Lasley et al. (1961) and Wilson et al. (1972).

Koonce and Dillard (1967), Kress and Webb (1972) and Burféning and’

Kress (1973) all reported that year of birth was a significant source

of variation for birth weight in Hereford calves. Sagebiel et al.

(1973) reported that there were differences in birth weights from

year to year but there was no indication of any trend for increased
weights over the years involved. Conversely, Burris and Blunn (1952)
reéorted that year was not a major source of variation for birth weight
on a within sex and breed basis. Their feelings weré that management
practices from year to year were able to effectively rgmoved theﬂ

. {
variation of yearly environmental fluxuations. The study conducted
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revealed that year did in.fact significantly affect Birfh wgigﬁt and
that a linear relatiénship‘did\exist. He reported that from 1958 to
1971 there was an average increase in birth weight of -29 kg per |
year over all herds in the study.

Preweaning average daily gains are also affected by year
(Cunninéﬁam and Henderson, 1965; Kress and Webbf 1972 and Nelsen,
1976). Studies by Marlowe et al. (1965) on 17,294 Angus and 11,663
Hereford calves over 6 years and by Schaeffer and Wilton (1974b) oﬁ
16,524 Angus and 47,293 Hereford calves over 2 years both showed
significant year effects on ADG. The study of Marlowe ahd coﬁorkers
&i& not indicate thaf there was a trend for increased ADG over
years. The variation was one of fluxuation ratﬁer than uniformity.

Cundiff et al. (1966), Linton et al. (1968), Sellers et al. (1970).
and others have reported that season of birth or month pf birth has
a significant effect on weaning weights of beef calves. Sellers et al.
(1970) reportéd thgt weaning weights of calves born during Decemﬁer.
through May were over 7 kg heavier than calves born from June throﬁgh
August én& 5 kg heavier than those born from Sep;ember through November.
Cundiff (1966) also reforted increased weaning weights of calves born
during the winter and early spring months as‘opposea to those born
during the summer and fall. The study conducgd\fy Friedrich et al.

(1975) on Simmental calves followed the afore mentioned trends. Calves
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weaned in Jénuary through March were 27 kg lighter than calvéé weaned
in July through September (243 vs. 270 kg, respectively).

Year effects on weaning weights have also been Qidely reportea
to.be significant throughout the literature. Cundiff et al. (1966),
Busch and Dinkel (1967), Linton et al. (1968), Tanmer et al. (1970)
Kress and Webb (1972) and Burfening and Kress (1973) all reported that
year was a significant source of variation on weaﬁing weight in Hefeford
and Angus calves. Bailey et al. (1977) feported that year‘was é sig;
nificant but variable source of variation for weaning weight in Hereford
cattle. The difference between maximum and minimum annual weaning
weights were 22.4 kg for the unadjusted weaning weight and 15.2 kg
for the weaning-wéights adjustéd for age of calf ana metabolic size
of the dam. The majority of the reborted studies do npt reveal any
general trends toward incfeased weaning weight over years. Nelsen
(1976), however reported that weaning weight increased significantly
during the time span of this study (1.62 and 2.29 kg per year (P<.0l)

for Hereford and Angus calves, respectively). : .

Management Practices (Creep feeding vs. né creep feeding). One
source of environmental variation which may be directly associated
with management practices is creep feeding of calves (supplying
additional nutrition to preweaning calves above-that supplied by
the dam).

Several studies have been conducted by Nelson (1952, 1954, 1955)
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at Oklahoma State University involving creep feeding. The effects of

‘ creep feeding on average daily gain indicated that increases of as much.

as .11 kg per day could be achieved. Kennedy and Henderson (1975b)
studied 61,680 Hereford and 27,333 Angus calves that were either creep
fed or not creep fed in Canada. On a within creep or no creep and
breed basis, they found that calves which had been creep fed gained
.06 and .0l kg per day more than those which had not been creep fed
in the Hereford and Angus breeds, respectively. Schaeffer and Wilton
(1974a5 reported sigpifican; increa;es in ADG of creep fed calves
over nOn—créeﬁ fed calves. Both Angus and Hereford creep fed calves
gained .05 kg per day more than non-creep fed contémporaries.

| The effect of creep feeding on weaning Wéights of beef calves w§s‘
generally reported as a significant effect. Weaning Weigh;s of creep
fed calves were consistently heavier than‘those of nonfcreeb-fed \
calves. Nelson et al. (1952, 1954), Cundiff et al. (1966)‘and others
have all reported éignificant increases in weaning weights of calves
which had been creep fed during the preweaning period. Sellers et al.
(1970) found that creep feeding Hereford and Angus calves significantly
increased weaning Weiéhts 19.1, 10.2 and 13.0 kg over the non—éreep fed
contemporaries in bulls, steers and heifers,-respectiveiy. Kennedy
and Henderson (19755) examined approximately 83,000 records of creep

. fed and non-creep fed Hereford and Angus calves. On a within creep or

no creep feeding and breed basis, the creep fed Angus calves were 3 kg
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heavier and the Hereford calves were 13 kg -heavier than the correspond-

ing non-creep fed calves.

The effect of creep feeding in the "exotic" beef breeds is
paralled to that of the British breeds. friedrich et al. (1975)
reported that creep fed Simmental calves were 11 kg (P<.05) (264 vs. 253
kg) heavier at weaning than non-creep fed calves. = Anderson and O'Mary

(1974) also reported significant differences in creep fed and non-

creep fed Simmental and Chianina cross calves.

Other Environmental Sources of Variation. 'Several other environ-

~ mental sources of variation are also reported in the literature. These

include herd or ranch effects as well as regional or location effects.

Several studies have examined the environmental‘effects of herd or
ranch on birth weight, ADG and wééning weight.  Barlow et al. (1974)
and Koonce and Dillard (1967) both reported that herd was a significant
source of variation for birth weights of Hereford and Angus calves.
Nelsen (1976) also found significan; differences between herds of
purebred Angus and Hereford cattle. |

Average daily gain and weani;g weight were also affected by herd

or ranch. Mahﬁud and Cobb (1963) and Barlow et al. (1974) reported

significant herd effects on ADG as did Pahnish et al. (1961), Cundiff

 Cundiff et al. (1966) and Nelsen (1976) for.weaning weight. Rankin and

Holland (1974) studied the.effects of breed of sire, breed of dam and

ranch on the weaning weights of Hereford and Brangus calves. AdjuSted
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205-day weigh£s were206.l kg. Calves on the foothills ranch were
26.7 kg heavier than the calves at the desert ranch., The interaction
between ranch and.breea of dam was highly significant for weaning
weight. Brangus cows produced calves which were 24.17 (41.4 kg)
heavier than Hereford cows at the desert ranch but only 9% (18.9 kg)
heavier at the foothills ranch. The effecf of herd or ranch will be
reviewed in more detail later under the section dealing with
variance components of random effects with respect to birth weight,
ADG and weaning weight.
The.importance of'regioq of the country was examined by Nunn

. (1974). He reported that region of the country was not a significant
source of variation on birth weight or weaning weight of Simmental cross
calves., This was expected due to the nature of the data analyzed
(ratios were usea instead of actuai}values).. He did'state that
region may still be important enough to consider during evaluation

of sires for use in artificiél insemination programs. Cundiff. (1966)
reported that area of the state (Oklahoma) was a significant source
of‘variatioh for weaning weights of Anéus and Hereford cattle.

‘Interactions Between Environmental Sources of Variation. The

importance of interactions between environmental sources of variation
with wide ranges of phenotypic expréssiohs need to be examined in
full detail. These interactions may be of practical imﬁortance in the

selection of the animals for use in the beef industry. The important

[
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interactions to be reviewed were those involving sex of the calf,
age of dam, preweaning management practices such as creep feéding and
no creep feeding as well as the interactions involying time trends.

Sex of Calf by Age of Dam Interaction. Nelsen (1976) reported that

within Hereford and Angus calves the sex by aée of dam interaction was
significant in the Angus calvgs (P<.01) but was not as important for the
Hereford calves (P>,10). The average differences between Angué bull and
héifer‘calves from 2, 3 and 4 year old dams was 1.8 kg. This difference
for mature Angus dams (5 years old or older) was 2.2 kg. ' This trend
suggested that the uterine enviromment may have been a limiting faétor
for male Birth weights in younger cows due partially to the size of the
cow as compared to the mature dam. The bull calves were reaching the

limits of their prenatal growth due to the reduced space limitations

while the heifers being naturally smaller were able to grow to a larger .

relative size, especially in younger dams.

Burfening et al. (1977) reported a significant sex by age of dam
interaction for birth weight of Simmental cross calves. He reported
differences of 2.8, 3.2, 3.4 and 3.7 kg in-birth wéights for bull and
heifer calves from 2, 3, 4 and 5 through 8 year old dams, tespectively.

Average daily gains have also been shown to be significantly

affected by the sex of the calf by age of dam interaction. Schaeffer

and Wilton (1974a) and Burfening et al. (1:977) reported that the sex by .

age of dam interaction was a significant source of variation for ADG.
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The lg;ter reported that in Simmental cross calQes, the difference
between bull aﬁd heifer ADG from 2 and 3 year old through 8 year oId‘
dams was .06 kg per day and .08 kg per day, reépectively. Cuniningham-
and Henderson (1965) and Kress and Webb (1972) both reported that'thé-
sevay age of -dam interaction did not significantly affect the ADG‘iﬁ
Hereford and Angus calves. Nelsen (1976) found this interaction to be
important (¥<.05) in only the ADG of the Angus calves in his stﬁdy
involving Angus and Hereford calves.

Friedrich.gglgi. (1975) found that this interaction;was‘not impor-
tanf in Simmeﬁtal Cross ealveS'from only 2 and 3 year .old dams.
Coﬁversely, Burfening et al. (1977) reported singificant (P<.01)
differences between bull and heifer weaniﬁg weights from 2 and 3
through 8 year old dams. This difference was 15 kg in the.célves from
2 year old dams and 21.8 kg in the calves from the 3 thfough 8 year
oid dams.

Sex of Calf by Year, Month and/or Season of Birthl The effect of

sex by year and/or other time trends has been examined on a limited

basis. Tanmer et al. (1970) and Barlow et al. (1974) bofh reported

-that sex of calf by year was a significant source of variation on ADG.

Schaeffer and Wilton (1974a) reported that the sex by year interacfion

was only significant for ADG in the Hereford calves of their sfudy

involving Hereford and Angus calves. 1In all cases thée variation seems

to be a random one without any significant time trends involved.
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‘Cunningham and Henderson kl965) found that séx'by year only approached
. .significance for ADG. ‘ B
Sex of calf by year was shown to be a significant source of
variation in weaning weights of Hereford and Angus calves by Pahnish
et al. (1-961'),A‘Cooper et al. (1965) and Linton 3.5‘ al. (1968). Pahnish
Qid note that this interaction was only evident in one of the two
;ranqhes used’in the’study with no evidence of any specific time ﬁrends.
Sex by season of birth ﬁas found to be significaﬁt for'weaning
weights by Cooper et al. (1965) In Simmental cross calves, Friedrich
gﬁ_él. (1975) repofted that sex by season of weaning was a significaﬁt
source of variation on weaning weights. No specific infofmatibn was
presented concerning time trends or conclusiéﬁs'at that timei

Sex by Herd, Ranch or Region. A significant sex of calf by herd

“interactionfwas reported by Nelsen ﬁ1976) for birth Wéight and'ADG

of Angus and Hereford calves in his ;tudy. His data indicated that,?
herds With-highér mean birth weights exhibited greater sex differences
than herds with lower mean birth weights. Pahnish et al. (1961)
reported fhat sex by ranch was a significant interécéion‘for weaning
‘Weight as did Nelsen (1976). 1In both cases the studies,weré~§efformed
with Hereford and Angus\dataJ The significant variation of sex by herd
in the iattgr study was attributed to random flﬁxuations only. Mainly,
+ the effect of sex by herd, ranch or region has been found to be of mno

consequence on the weaning welghts of the calves studied.




$ ST V. {1050 Ll R

-28-

Sex by Preweaning Management (creep -or no creep feed). Marlowe

gg_gl.'(l965) and Scarth gg_gl, (l968)_reported‘that creep feeding of
steers resulted in fasteér growth rates than the creep feedingréf heifer
contemporaries. This sfudy was done on a within céeep feeding'or ﬁén—:
creep feeding basis. Marlowe and coworkers reported ;hat steer cal&es
.grew 67 faster than heifer calves regardless of whether théy-were creep
fed or not. Non-creep fed bull calves grew 6.6% faster than non-creep
fed steers and creep fed bull calves grew 9.7% faster than creep fed
steer calves. They suggested thatpossibl& different adjustments are
needed for sex when calves are managed under a creep feeding system.
Schaeffer and Wilton -(1974a) -also reported that sex by creep feeding
was a significant interaction for ADG in beef cattle. Cundiff et al.
(1966) did find a significant interaction of sex by creep feeding sysFem
for weéning weights but later concluded that on a p?actical basis the
interaction was not important. The interaction of sex by creep feed-
ing on weaning weights of Simmental cross calves was not significant

as reported by Friedrich et al. (1975).

Age of Dam by Year, Month or Season of Birth. The iﬁte;éctions
"between age of dam and the time effects (year, month or season of
birth) have been studied by various researchers with varying results.
Schaeffer and Wilton (1974).studied the effects pf ége of dam by year
intéractions on ADG. They reported that this interaction was important

in only the Angus progeny in their study involving both Angus and
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Hereford éattle.

Weaning weight has also been reported to be significantly affected
by the age of dam by year interaction. Harwin et al. (1966), Sellers
et al. (1970) and Cooper et al. (1965) all reported: significant age of
dam by year interactions for weaning weights. Cooper et al. (1975)

reported that the age of dam effects were more consistent over years

than they were over seasons. The variation attributed to the interaction

was not uniform in nature but more random across time. Weaning weights

of Simmental cross calves did not reflect any major age of dam by season

of weaning influences as reported by Friedrich et al. (1975).

Age of Dam by Preweaning Management (creep or no creep) The

' interaction of age of dam by preweaning management (creep feeding or no

éreep feeding) may be of importance in the beef industry. It is possible

to speculate that younger cows which produce smaller calves as reported

‘earlier may be able to increase theitr production through creep feeding

practices. The effect of age of dam by creep feeding was examined
by Schaeffer and Wilton (1974a) for ADG. They reported that the inter-
action did not have an important affect on ADG. They did however,
report that a significant age of dam by creep feeding by.sex interéction
did exist.

Cundiff et al. (1966) examined the effect 6f-age of dam by creepl
feediﬁg'interactions on weaning weights in Heréford énd Angus calves.

They reported that there was no significant differences between
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weaning weights of creep feed and non-creep fed calves from younger

or older dams. They did indicate that utilization of. creep feedingf

by calves from 2 year old dams and very old dams (15 years old or older)

may compensate slightly for the lower milk production of these dams.

Also, calves out of 2 year old dams which were creep fed deviated

~significantly less from the mean than did calves which were not creep

fed. These trends were also reported by Marlowe and Gaines (1958) and.
Marlowe (1962). Weaning weights of Simmental calves from 2 and 3 year
old dams that were creep fed or not creep fed were found to be
significantly (P<.10) affected by the interaétion of ége of dam by
creeb feeding as reported by Friedrich et al. (1975). Creep fed
calves whose dams were 2 years of age were 14 kg heavier at weaning
thaﬁ the non-creep fed calves from 2 year old dams while creep feq
calves from 3 yéar old dams were only 8 kg heavier than the no#-greep
fed contemporaries. This wouid indicate that the calves_frémvthe

2 year old dams may be utilizing the creep feeding to a better

" advantage than the calves from the 3 year old dams.

Genetic Sources of Variation (Beef C;ttle)

The primary sources of variation associated with genetic influences
involve breed, breed cross, line or to a degree inﬁreeding as well as
the effect of individual sires. These sdurces.of variation have been
examined by numerous researchefs for birth ﬁeight,.prewéaning average

daily gain and weaning weight in beef cattle. Emphasis on breed
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sources will be within the British breeds as well as the several

"exotic" breeds previously mentioned.

Breed and Breed Cross Variation. It has been widely accepted that
differences do exist between breeds for birth weight, ADG and weaning.

- weight. Burris and Biunn‘(l952) reported that birth Weights of Angus
and Hereford calves were significantly different. Their study revealed
that Angus calves were 1.5 kg lighter than Hereford calves at birth
(29.2 vs. 30.7 kg, respectively).. In 1960, Taylor et al. (1960)
reported that Hereford calves were 5.7 kg heavier than Angus calves

at birth., Most studies reyealed that the differences fell within a

3 to 5 kg range with Herefords being larger at birth. Foote et al.
(1960) reported that Shorthorn calves were on the average 2 kg lighter
than Angus calves at birth.

S;gebiel EELEL' (1973) reported that there were differences in
birth weights between Angus, Charolais and Hereford cattle. Charolais
calves were significantly heavier than Hereford and Angqs calves aﬁd
Herefofd calves weré significantly heavier than Angus calves. Theée
weights were 43.6, 33.4 and 26.3 kg for the Chérolais, Hereford
and Angus calves, respectively.

Long and Gregory (1974) studied the effect of breed of sire on
birth weight using Angus and Hereford sires mated to Angus énd
Hereford dams. Calves by Hereford sires weré i.4 kg heavier than qaive§

from Angus sires. Gregory et al. (1965) also observed a similar but
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larger difference (3.8 kg) between birth weighté of Hereford and Angus
sired calves from Hereford, Angus and Shorthorn dams. . Observations of
larger birth weights of calves sired by Hereford bulls have been
reported by Pahnish et al. (1969) and Turner and McDonald (1969).

Angus dams gave birth to significantly smaller calves than did.
Hereford dams as reported by Long and Gregory (1974), 28.9 vs. 30.6 kg
for Angus and Heréford dams, respectively). Resultslreported by‘Long
and Grégory (1974) were conéistent with those reborted b§ Gregory et al.
(1965), Wiltbank et al. (1967), Pahnish et al. (1964), Laster et al.
(1973) and Laster and Gregory (1973).

Stanforth and Frahm (1974) reported that Simmeﬁtal sired cal&es
ffom Angus dams were heavier (P<.05) at birth éhan any other breed
group studied other than the'Brown Swiss sired calves from Hereford
dams. The mean birth weight of the Simmental by Angus calves was
36.1 kg and Brown Swisé by Hereford, Brown Swiss by Angus, Hereford
by Angus and Simﬁental by‘Hereford calves had similar.birth‘wéights
ranging from 34 to 35 kg. Jersey by Hereford, Angus by Hereford and
Jersey by Angus calves weighed 29.4, 29.3 and 28.2 kg, respeEtively, at
birth; and were lighter (P<.05) than the other breed cross calves.

Meiske and Goodrich (1975) examined the differences in birth

weights of Hereford, Chianina and Marchigiana sired calves
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from mature Angus dams. They reported that Marchigiana énd Chianina
sired calves were heavier (P<.05) than Hereford sired calvgs at birth

(36.0, 34.2 and 31.5 kg, respectively). They also réported evidence
of greater sexual dimorphism in birth weights of the Chianina sired
calves. over the Marchigiana and Hereford sired calves. -

-Crocket and Koger (1975) examined birth and weaning data ffom calf
crops over a 3 year period to compare 5 breeds of ‘sires - Brahman,
Brangus, Limousin, Maine-Anjou and Simmental - bred to Angus;_

Brangus and Hereford dams. Average birth weights were 34.0, 33.1,
32.2, 32.2 and 29.0 kg for the Brahman, Maine-Anjou, Limousin,
Simméntél and Brangus sived calves, respectively.

In studies invol%ing breed crosses it is not uncommon to find
.larger birth weighté in the crossbred calves than either of the
parental breeds. Bradley et al. (1966) reported that the birth
weights of Hereford by Red Poll calves were larger than the straight-
bred Hereford calves. Angus, Brahman, Brangus and Hereford cattle
were use@ in a.study by Turner et al. (1969) to évaluate the effects of
straightbreeding,ﬁfoss breeding, back crossing and three way crossing
on ﬁirth weights and several other traits. They reported that'mating
types were all significant for birth weight of the calves involved
and that.breed of sire was also a.significant source of variation for

birth weight.
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Breed of calf has been shown to have an effect on ADG of beef
~calves. Turner and MacDonald (1969), Sellers et al. (1970) and
Bradley et al. (1966) all reported significan; breed differences for
ADG of the different breeds of calves studied. Anderson and 0'Mary
(1974) reported that Simmental cross and Chianina cross-éalyes grew ép
a significantly faster rate than Angﬁs calves; Thié difféfence Qas
.12 kg per day in favor of the "exotic" breeds of crésses over the
Angus calves. ‘Long and Gregory (1974) reported that preweaning
average daily>ggins were greater (P<.0l) in.Angus sired calves than
in Hereford sired calves, (.64 vs. .62 kg per day for Angus and
Hereford calves, respectively). These values are in contrast to those
-reported by Gregory et al. (1965), Turner and MacDonald (1969) and
Cundiff gg_gi. (1970) who reported no differences in the ADG between
Angus' and Hereford calves. Melton et al. (1967) felt that Angus,daﬁs'
provided a maternal environment more conducive to preweaning growth'
thaq did Hereford or‘Charolais dams. He indicated that this was due -
to higher milk production and occurred even in the presence of creep
feeding. Gregory et al. (1965), Gaines et al. (1966), Pahnish et al.
(1969) and Cundiff et al. (1970) all reported similar results when
comparing ADG of calves from Angus and Hereford dams. Ségebil et al.
(1974) examined the ADG of progeny from Angﬁs, Hereford and Charolais
dams and sires. The ADG of the prgoeny was not significantly

affected by the breed of sire but was significantly affectgd by breed
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of dam. Charolais dams produced calves which gained significantly °
faster than Angus or Hereford dams and Angus dams likewisé producedv
calves thch gained faster than Hereford dams; |
Many of the previous studies involving ADG also reported that

weaning weigﬁt is also significantly affected by breed of calf. Long
and Gregory (1974) réporte& that 200-day adjusted weaning weights of
Angus sired calves were 4.1 kg (P<.01) heavier than those sired by
Hereford bullé, (158.2 vs. 154.1 kg, respectivelyj. Sagebiel et al.
(1974) feported that breed of sire had a significant effect on 205—day
weights of Angus, Hereford and Charolais calves. Charolais siréd calves
were heavier (P<.05) than Angus and Hereford sired calves. Cundiff
et al. (1966) found that Angus calves were 2.2 kg heavier at weaning’
thanlthe Heréford cal%es used in their study; 'Thef did indicate.that‘
even though the Hereford calves were smaller‘and‘difference was'ﬁot
considered to be of major importance.

| Weaning weights of Simméntal sired éalves from Angus dams were
significantly heavier than calves from the othef breeds studied by‘
Stanforth and Frahm (1974). Jersey sired célves and Angus‘by Héreford
calves were lightest at 205 and 210 kg, reépectively. Brown Swiss by
Angus and Simmental by He;eford calves weighed 226 and 224 kg,
respectively, and Qere 8 kg heavier than the Hereford by Angus qnd
Brown.éwiss by Hereford calves. 1In the study by Crocket and Koger-

(1975), it was reported that the 3 year average1205—day weights were
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213, 212, 208, 198 and 197 kg for the Maine—Anjou,ASimmeﬁtal, Brahman,

Brangus and Limousin sired calves, respectively.

Line, Crossline or Inbreeding Sources of Variation. The effecé
of specific line within a breed has been examined as a contributing
Source.of genetic variation in beef cattle. The emphasis on line
breeding and to a certain degree inbreeding, is important to more
fully evaluate the traits of birth weight, ADG and weaning weight.

Harwin.gg_gl. (1966) reported that linecrossing and inbreeding
of the calf both are significant sources of variation ‘on weaning
weight. Weaning weight was also significantly affected by line of
dam in Hereford calves studied by Kress et al. (1973).. These differ-
ences ranged from -13.7 to 5.1 kg about a mean of 185.kilograms.~
Inbreeding of the calf was found to be a signficant source of varigtion
on wéaning weights by Brinks and Knapp (1975). For each percent
increase in inbreeding of the calf, the weaning weights were —.29 and
-.30 kg less in male and female calves, respectively. Inbfeeding of
the dam also was reported to be a sigﬁificant sources of variation
for weaning weights.

Bailey et al. (1977) reported that neither line of sire nor line
of dam were a siénificant source of variation for weaning weight in

Hereford calves.

Sire Sources of Variation. The sire effect on the various traits

of economic importance.in todays beef industry is unquestionably '
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importapt. The advent of artificial insemination_iﬂ the beef industry
will necessitate that proper sire selection be practiéed. Sire evalu-
-ation within the dairy industry has made great strides in the improve-
ment of dairy animals énd can be of equai value in the beef indﬁstry.
Therefore, the knowledge and understanding of sire variation is‘a
useful tool in the selection of sires.
Birth weights were found to be significaptly affected by sire -of
the calf in Hereford and Hereford/Angus studfes conducted by Gregory
 25_§£. (1950) and Kress and Webb (1972). Wood&ard and Clark (1950)
~ reported significant sire effects for birth weights. Wilson et al.

(1969, 1972) reported that sire was not a significant source of

variation for birth weight.

ﬁunn (1974) examined 6,222 birth weights from Simmental sires used

in artificial insemination prdgaramslfrom throughout the Uﬁited<States.
He reported that sire was a significant source of variation for birth
weights. He also reported that individuél sires'differed by 3:2%-'
Below the averagé to 1.4% above the average of all sires in the study.
Sire effects have been shown to be of importance in ADG of beef
cattle, Tunningham and Henderéon (1965), Tanner et al. (1970), Thrift
et al. (1970) and Kress and Webb (1972) all reported significant gire
effects on ADG. On the other hand, Gregory et al. (1950) and Wilson.

et al. (1969) reported that sire did not affect ADG.
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Weaning weights of calves are affected by sire as well. Knapp
and Phillips (1942), Pahnish et al. (1961), Wilson et al. (1969),

Kress and Webb (1972) and others have shown this to be true. Kress

. and Webb (1972) reported that means of individual sires within years

indiéated differences in progeny groups from 1 to 33 kg in Angus and
3 to 35 kg in Hereford calves. Woodward and Clark (i950) and Wilson
et al. (1972). could not find a significant sire effeét for weaning
weight. Simmental sires reported on by Nunn (1974) were found to be
a significant sources of variation for weaning Weigh£. Tlie various
sires examined differed as much as 3.87 to -1.2% based on.the.overall
means for‘the weaning weight trait ratios in his study.

Interactions Between Genotypic Sources of Variation. Turmer and

MacDonald.(l969) examined the effects of breed of sire by mating
systems; straightbred, single cross, backcross and three way Efoss in
Angus, Brahman, Brangus and Hereford calves.. They reported that' the
interaction of breed of sire by ma£ing system was significant for
Birth weight, ADG and weaning weight. In a study involving five
inbred lines of Hereford cattle, Brinks et al. (1962) found that line
of sire by line of dam interaction was not a significant source of
variation for birth weight. 1In a later study'by Brinks et al. (1972)
they found a nonsignificant line of sire by line of dam effect on the

same preweaning traits.
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In Heréford cattle, Kress,ég_él. (1973) found that ADG Waé sig—‘
nificanfly affected by the line of sire by liﬁe of dam interaction.

. Humes et al. (1973) could not find this tfeﬁd in either birth weight
or weaning- weight.

Sagébiel et al. (1973) reported that there was no significant
interaction between breed of sire and breed of dam when comparing
Charolais, Angus and Hereford breeds and their two way crossés for
birth weight. They did note that Charolais cows had.significantly
heavier crossbred calves at birth than Angqs cows and significantly
heaviefkcrossbred male calves than female calves when compared to the '
Angus dams. Angus and Heréford bulls did not significantly increase the
birth Wéights of the crossbred calves but the Charolais bulls &idl
Humes'gE_él, (1974) examined the data frop 243 calves.from Angus
and Hereford dams sired by Brahman, Chianina, Maine-Anjou and Simmental
bulls. There ﬁere no differences in the birth weights of tﬁe‘different_
breeds of sire in the study. The sires within breed were a significant
source of variation on birtﬁ weight, however. There was also no signifiQ
éant breed qf sire by breed of dam interaction. They suggested that in
the Gulf éoast region; calves sired by Brahman, Chianina, Maine-Anjou
and Simmental bulls ogt‘of Angus and Hereford dams, show no real
differences in the birth and early growth traits.

Préweaninglavérage daily gain of Angus, Charolaié and Hereford

progeny were examined by Sagebiel et al. (1974). A significant bréed '
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of sire by year and breed of dam by year interaction within the heifer -

progeny was found. It was felt that both iﬁtéractions may have béen
due to confounding of years and age of dam and therefore'an indication
of a genotype by age of dam interaction. A second order interaction
of breed of sire by breed of dam by year also was ﬁoted in the study.
They felt that it indicated that the bull breed by cow bfeed combina-
;ion may respond differently in gifferent yeafs.

The line ofldam by line of“éire interaction was not significant
for weaning weight as reported for Hereford cattle by Bailey et al.
(1977). Saggbiel et al. (1974)\reported that the breéd of sire by
breed of dam interaction was significant for weaning ﬁeights of the

various crosses involved in their study.

Genotype by Environment Interactions (non-bovine)-

Falconer and Latyszewski (1952) selected two strains of mice

. for six-week body weight. One strain was selected under a restricted

diet and one strain was selected under a full diet. The environments

" were exchanged for the two strains after several generations of selec~—

tion had been performed. The strain selected under the restricted
diet performed better than the full diet strain under a restricted
diet with the opposite relatioﬁship being the case in the uhrestrictéd
diet. 1In a similar study, Fa¥coner (1960) concluded that selectiomn
should be performed in the environment in which thé animal is expected

to respond. .
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Fowler and Ensminger (1960) used data from 1,705 swine in nine
generations of selection. Two lines (HH-High and LlL-Low) were main-
tained for the first six generations of selectian for average daily
gain. After the sixth generation each line was divided into HH, HL,
LH and LL lines. The four subsets were then selected through thgee
more‘generations. Through the first six generations the HH line gained
.043 ,lb/geheration and the LL line .034 1b/generation. The next three
generations fesﬁlted in the a&erage daily{gain from the LH ﬁigs being
the highest at 1.41 1b/day and the HL pigs the lowest at ;94 lE)day.
They concludéd-that breeding stock should be selected in the énviroﬁmént
in which the progeny ére expected to perform.

Lowry et al. (1956) were unable to demonstrate any significént

shifts in progeny performance from varied strains of poultry between

'~ floor and cage housing systems. Gowe (1956) found highly significant

interactions between seven leghorn strains with floor and cagé housing
sysfems on body weight but no indications of interactioﬁs for sexual
mgturity or egg weight. Gowe and Wakely (1954) found no real changes
in the ranking of four strains between five geographical locatiéns for
number of hens at the onset or the survivors' egg production. Hill
and Nordskog (1956) analyzedll4,000 pullets of 13 strains on 11 farms -
and reported important and highly significanf'stock by farm inter-
actions for adult mortality, egg production, sexual maFurity and egg

size, but not for body weights. They also reported significant strain
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by year interactions for egg production and adult mortality.

Dickerson (1962) examined poultr§ data from approximately:S0,000.
'pullets over two years from a variety of strains and farms attempting
to interpret evidencé concerning genetic-environment interaétion as
it is related to effectiveness of selectién. His results indicated
that variations among poultry-farm invironments in California caused
important but unpredictable shifts in the ranking.of genotypes for
egg production. Also reported was the fact that improvement in
accuracy in measuring genetic differences in the indiviudals perform-
ance across .environments justifies the utilization of at 1east five
to 10 farms repreéenting the range of enviromments for which the |
stock is bred. ‘

_ Huli'and Gowe (1962) studied the magﬁitude of- genotype ﬁy environ-
ment interaction involving two strains of poultry, three widespreadA
locations with two types of rearing per location over #ﬁree years;
Rearing treatments, year and farm effects were large but for the most
part quite variable from year to year; Large interactidhs were
foupd only when the environmental effects were large and the genetic
differences wide. |

King and Young (1955) studied the'effects of‘genotype—environment.‘
intéraction in sheep. Three breeds of sheep (Cheviot, Blackface and
Wiltshire) Wéré wintered in four different ehvironments.. The environ—

ments consisted of warm and cold climates with high and low nutritional
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levels in each climate. There was a significant breed difference for
growth traits with the blackfaced shgep growing faster in the high
nutritional levels of each environment but there was no change in rank
between breeds for any of the interactions in the study.

Morely (1956) divided groups of half-sib wethers into high énd
low planes of nutrition to be fed from three to 17 months of age.
The findings involving thé genotype~environment interactions indicated
no-significant iﬁteractions for any of the fleece traits or body
weights up to six months of age. The interaction was significant for
body weight at 12 and 17 months of age however.  The findings indicated
that genotype—environment iﬁteractions exist and are.impdrtant consid-
erations for selection. When two groups of crossbred twin iambs were
used to study high and low planes of nutrition (King et al., 1959),
no significant cross by plane'of nutrition interactions were found.

Brown et al. (1961) examined the effects of sex by line of sire
interactions. on birth weight, 30-day weight, 120-day weigh£ and number
of éays to reach 27 kg in body weight. Two inbred lines of Hampshire
and Hampsire cross lambs were used iﬁ the study. The interaction
Betwgen sex and line of sire was significant for -only the trait of
number of days to reach 27 kilograms.

Dunlop (1962), using five strains of Merino sheep run at three

locations examined the strain by location interactions on wool traits.
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The intgractions of strain by logation we?é real but sﬁall in -magnitude
and.accounted for only a minor fraction of the total variation. ‘ The.
inconsistency of the interac;ions was reported to be due to climatic
variation. He hypotheéized that specific adaptation in these traits
should not be considered for the choice of a strain for a particular
location.

Dhaliwal_gg_él. (1963) reported that an interaction between ewe
and level of nutrition during late pregnaﬁcy did not affect the number
of lambs bérn per ewe.

" The effects of environment on phenotype and genotype variation in
sheep was examined by Osman and Bradford (1965). Five yearsvof,déta
from two locations (high and low environmeﬁtal classifications) were
used to study genotype by‘environment‘interactions. Trgité studigd
_included body weights, gains and fleece fraits through 450 days of age.
Selection was b;sed on 120 da& weight7 The trait variances were higher
in the bétter environﬁént resulting in a l;rgér selectioh differeptial.
The average paterﬁal haif—sib heritability wasvhigher in the good
environment but the realized heri?ébilities after three years of
seléction were not different. There was no evidence of 1arge genotype
.by environment interaction. They also found increased reproductive‘
performance in the good environments resulting in ipcreased selection
intensity.

The importance of genotype by environment (plane of nutrition)
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interaction was studied by Osman and Bradford (1967); Forty ram lambs
and 78 wether lambs from Targhee, Corriedale and Targhee by Corriedale
crosses were used to.evaluate body weight, gain, fleece and carcass
traits. Sire by plane of nutrition interactién was significant but
of ﬁo major importance in only'five of the 38 traits studied.

Carter et al. (1971a) examined the effects of genotype by environ-
ment interactions on ewe productivity. Two distinct breed crosses,
one from Ottawa, Canada, and one from Virginié, were used in the
study. The two crosses of ewes were divided equally and removed to
the opbositellocation. Location by breed cross interactions were
significant for percent éwes lambing, weight of lamb weaned and éverage
lambing. date. The ewes from Virginia had an 11% better lambing réte
.in Virginia than the Ottawa ewes which were moved to‘Virginia. There
was no differeﬁce in the lambing rates between the two crosses at
Ottawa. The.Ottawa ewes lambed 18 days earlier in Virginia .but only
one day earlier in Ottawa. There was a strong suggestion of location
by breed cross interaction in body weight of the ewesvand'fleeqé
weights of the ewes. They concluded that there was important breed
cross by location interactiqn on ewe productivity probabl& due to
climatic differences.

| Carter et al. (1971b) followed up the above report on ewe pro-
ductivity witﬁ an examination of the genotype by envirohment_inter—

action on’ lamb performance. Significant breed cross by location
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iriteractions were found for birth weight ana adjusted 120-day weight
but not for aﬁerage daily gain. The differences were small in magnitudé
however. In conclusion, they reported that the effects observed in ewe
productivity as well as lamb performance emphasized that lecal édapta—
tion of breeds or breed crosses is of considerable imporfance with
respect to Fhe total production of the breed in a particular

\
environment.

- Genotype by Environment Interactions (dairy cattle)

Breed, Line or Strain by Environment Interactions. Foote et al.

(1959) studied some of the effects of genetic and maternal emviron- ,

mental variations on birth weights and gestation length in Holstein

cattle, They reported that line of sire was a significant source of

variation for both birth weight and gestation length but that the

line of sire by sex interaction was not significant for either trait.
In a study conducted by Brumby (1961), 240 calves from 20 high

and 20 low producing herds were raised andlmilked in a single herd

wiéh production midway between the high and low producing herds.

Also, 120 sets of identical twins were split between the 20 high and

20 low herds to be reared and milked. There was no general genetic

differences between the cows from the high and low herds for body size,

fertility and milk production, but there was some genetic differenées

ip milk composition. Genetic differences for milk yield were found.

between the high herds but not the low herds. The interaction between

’
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herd enviromment and genotype provided an appreciable source of vari-

ation. The production level of a herd in which an individuai was |

reared was without.effect upon subsequent production potential.
Thirty-seven identical Holstein twin heifer pairs were SEudied by

Ramsay and Freeman (1965). The pairs weré separated and assigned to

a high or iow level 6f’nutrition or both placed on the-high or low

level. The variance within pairs was homogeneous across agé for wither

height but increased with age for body weight. The interacfion compo-

"nent of variance was-zero at younger ages but increased with time.

At_older ages, the interaction of pairs by rations was significant

for Qither height but not for Body weight and accounted for 107 of

the total variance in both traits. In a similar‘study by Burnside

et al. (1969), 48 pair of fraternal male H61s£ein.twins were reared

onAtwo rations. No significant pair by ration interaction was found

for body weight or gain but calves on the high plane gained faster apd

grew to a larger size. These gesults have been substantiated by

Freeman (1969), Burnside gg_gi. (1972) and others. In all cases,

ration by pair interactions were not significant for growth traits,

live measurements or carcass traits. |

Sire by Environment Interactions. Legates et al. (1956) examined

records from 24,754 daughters of Garnsey, Holstein and Jersey sires .to
evaluate sire by herd interactions on production traits. Results of

the study showed that the importance of the sire By herd interaction
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was very small. The interaction component of variance within breed

was ﬁever significant althéugh the interaction component for the Jersey
breed was almost as large as the sire component of variance;‘ Wadell
'and McGilliard (1959) and McDaniel and Corley (1967) also detérmined
that the sire by herd interaction component was a very sméll portion
‘'of the total variance.

Van Vleck et al. t1961) studied 40,000 records from Holstein sires
in New York state. They found that 50% of the total variation in
production was due to sire, herd and year plus thg two—way interacﬁioﬁs.
Herd éffec;S‘accounted for 30% of the total with sire and year
accounting for 6 and 2%, respectively. Sire by herd and sire by year
were‘ver&‘gmall bﬁt herd 5& year was approximately 57 of the tbtél
variation. |

Lactations from ﬁolstein cows from different herds were examined
bf Van Vleck (1963). The herds were divided into four classifications-
(High: to Low) based on production. The results indicated that there
was no sire by herd level of production interaction. The geﬁetic
variance was greater in the high production herds'than'in the low
production he?ds. Mason and Robertson (1956) reporte& similar
resuits aloné with increased heritabilities in the high producing
herds. Robertson et al. (1960), Legates (1962) and McDanielvand Cofley
(1967) substantiated these results, that variation between progeﬁy

groups was greater at higher levels of production. Not all researchers
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found that heritability increases as the level of production increases.
Robgrtson et al. (1960) and Legates (1962) found no difference in
heritabilites at different herd levels of production. They felt this
was due to the increased within sire vafiance at the higher levels of
production. :

Van Vleck (1963) calculated genetic correlations between'progeﬁy
groups in the four productién levels to be from .93'to 1.00. Others
have also reported similar correlations of near unity for sire evalu-
ations at different herd levels of production. This would indicate
that the ranking of sires from one level of herd production to another
would be approximately the same.

Burdick and McGilliard (1963) studied 10,000 artificial inseminated
daughters froﬁ Holstein and Gurnsey sires to evaluate sire by environ-
ment interactions. Interactions involving sire by level of production,
location, Qayé dry, calving interval or type of housing were examined.
Small differential responses of daughters within classifications were
found but all appearéd to be unimportant. The ranking of sires was
determined to be the same in any of the environments examined.

Artificial inseﬁination sires were evaluated by Mao and Burnside
(1969) on a within season and environment category;"Each environment
was evaluated independently as fixed effects. The different environ-
ments consisted of types of housing, breeding programs used, herd sizes

and other management practices. WNo sire by environment interaction
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was found except for sire by grain-feeding level in summer. This
particular interaction component of variance accounted for 17% of the
'totél variation. Wiggans and Van Vleck (1970) also found no signifi-
cant sire by housing system (free vs. station) interaction. 'Using
1,000 herds and approximately 20,000 lactations, the genetic correla-:
tion was equal to 1.00 indicating no change in rank for sires under
either system.

Lytton and Legates (1966) studied the sire by region inferactioﬁ
‘on milk production traits in Holstein sired cows. The correlation
between breeding values of the sires in the northern vs. southern .
regions of the United States approached l.OOAindicating,no change in
the ranking of the sires. The sire by region interaction component

of variance was essentially zero.

Genotype by Environment Interactions (beef cattle)

The effects of interactions involving various genotypes and envi-~
ronments have received attention in the past. The general approach
to evaluate the different interactions is to evaluate the genotype
within the particular envirpnments involved. It is therefore evident
that proper evaluation of genotype by envifonmeﬁt interactions should
be conducted in the area of beef cattle production.

The particular ﬁreed one will use within a beef productiqn
program is based upon many different criteria. The personal prefefencé

of the producer, availability of breeding stock as well as the size of
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the operation, the types of climate involved, the market for calves
in his area and many more variables are involved in the choice of.the
particular. breed to be used by the producer. Several researchers have
examined some of the breed by environment interactions which may héve
significant impact on birth Weighf, ADG and weaning weight of ‘the beef
cattle to be usgd by the producers. |

A study involving Hereford and Red Poll calves was conducted by
Bradley et al. (1966) to examine the effect of breed of dam by sex
of calf interaction. They found that breed by sex interaction was not
a significant factor in assessing birth weight variation in beef cattle.
Ellis et al. (1965) and Laster et al. (1973) both reporting on
Hereford and Angus breeds of cattle found that sex of calf by .breed
of sire interaction was a significant source of variation on birth
weight. In both cases the difference was one of magnitude as opposed
to changes in the ranking of the sexes by breed for birth weight.
Breed of calf by sex of calf interaction was examined by Cardellino
and Frahm (1971) using Hereford and Angus cattle and the interaction ‘
was not found to be significant. Analysis of breed differences by
Gregory et al. (1966a,b) showed that Angus bull calves were heavier
at wéaning than Hereford bull calves but that there was no difference
between the Angus and Hereford heifer calves.

A breed by age of ‘dam.interaction was examined by Sellers gE_gl,l .

(1970) with approkimately 20,000 Hereford and Angus calvés. The
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analysis was conducted on a within sex basis. Breed by age of dam was
a significant source of variation fér weaning weights of bull calves
only. This interaction was also found to be significant by Cardinello
and Frahm (1971) iﬁ Hereford and Angus calves. 1In both cases the
younger Angus dams reared larger calves than the younger Hereford
dams. The difference was less for the older and more mature dams.
Long and Gregory (1974) found that the interactions of breed of
sire and breed of dam with year (P<.05) for preweaning growth were due
to differences in magnitude rather than rank of the breed of sire or
breed of dam subclasses from year to year. They were theréfore
not considered to be of any major importance. Icaza et al. (1974)

examined the differences between breed of dam and age of dam and found

a significant (P<.05) interaction for weaning weight. The differences

between the'weaning weights of the male progeny from Brahman and
Brangus dams compared to those from Angus and Hereford dams of 3, 4, 5,
6, 7, 8, 9, 10, 11 and 12+ year old dams was 10.7, 44.7, 21.0, 29.4,
22.7, 8.5, -3.9, -.3, 26,2 and 11.5 kg, respectively. They felt
that these results indicate that cattle with Brahman breeding lactate
more heavily at earlier aées and maintain their productivity longer
in the Gulf Coast region than Aﬁgus and Hereford dams.

Cardellino and Frahm (1971) found breed by year to be a signifi-.

cant source of variation but there was no trends other than in certain

-years the difference was greater than in other years. Turner and
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MacDonald (1969) also found significant breed by year effects using
several.different beef breeds in‘their'study.‘

Breed by season of birth when analyzed on a within sex-basis was
highly significant for the bull, steer and heifer weaning weights‘of
calvesrexamined by Sellers et al. (1970). 1In all cases the constant '
estimates of the interaction cells of the model changed significantly
for each breed by season subcell. These changes were both in sign and
magnitgdé. Cundiff SELél- (1966) also reported a significant month of
birth by breed interaction for Hereford aﬁd Angus calves bﬁt indicafe&
that the interaction was of small importance in the overali analysis.

Birth weight was significantly affected by the breed of sire by
year interaction in the study by Sagebiel et al. (1973). Three years
and three breeds of sire (Angus, Charolais and Hereford) were examined.

They felt that the significant breed of sire by year interaction was

'possibly due to a sire effect as different groups of three sires within

each breed were used each year. They did indicate that a genotype by

environment interaction may have been present.

Line of dam and line of sire by year interactions were examined

. by Brinks et al. (1967), using five Hereford lines of cattle.

Neither interaction was significant for birth weight or weaning weight.
Urick et al. (1968) noted significant line of sire by year interaction
on weaning weights of female calves in the study but not male calves.

Line of dam by year was not significant for either sex.

Lt s
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_A line of sire by age of dam interaction was found to be a
significant'source of variation for weaning age and subsequent un-
adjusted weaning weights of Hereford calves as reported by Bailey et al.
(1977). The line of dam by sex interaction was found by Bailey gE_gl.A
(1977) to be a significan; sogrce of variation on weaning weights of |
Hereford calves. Inspection of the subclass means revealed that the
”1in¢'2" dams raised larger bull calves than did theA"liné i” dams
but heifer progeny from "linme 1" dams were larger atlweaning than
contemporaries produced by "line 2" dams.

| The interaction of sire by sex of calf for birth weight, ADG and
weaning Weight have been examined by various researchers with beef
cattle. Calves of Hefeford and Hereford by Red Péll crosses and
Hereford and Angus crosses were studied by Bradley et al. (1966) and
Kress and Webb (1972). 1In both cases the sire.by sex interaction was
reported -to be not important for birth'weight. thers have also sﬁswn
that sife by sex interaction was not a significant source of &ariation
on birth weight, Tanner et al. (1960), Wilsén.gglgl. (19695 and Thfift
_et'al. (1970).

The effect of sire byhsex interaction was shown by K?ess and Wegb
(1972) to be a significant source of variation on ADG in Hereford and
Angus calves. Tanmer gE_gi, (1969), Tanner et al. (1970) and Thrift‘
et al. (1970) did not find this interaction to be significant on ADC

or weaning weight.
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Wilson et al. (1969) found that sire by sex was significant for
wganing.weight as did Kress and Webb (1972) in the Herefor& calves
used in their respective studies. Pahnish et al. (1961)- and others
_were unable to establish significant sire by sex interactions for wean-
ing weights. Kress and Webb (1972) determined that the significant sire
by sex intéfaction was due to changes in rankings of the sires and
would therefore be an important source of variation for weaning weight.

An analysis of 5,000 beef and dairy cross calves was conducted by
Edwards et al. (1966) with sire by year being a significant éourée of
variation for weaning weight. Brinks et al. (1967) also repofted a
significaht sire by year effect on weaning weight in female Hereford
calves,

Sire by location was found to be significant in a study b&
Edwards et al. (1966) for birth weight but not significant in a stﬁd&
by Woodward and Clark (1950) for ADG. Ninn (1974) reported that with
Simmental sires there was a significant sire by fégion of the country

interaction for weaning weight. He pointed out that within region sire

evaluations should be carried Qutl

Phenotypic and Genetic Correlation Between Birth Weight, Preweaning
Average Daily Gain and Weaning Weight

The phenotypic correlations between birth weight and preweaning
average daily gain were generally reported as being between .10 and
.40. Brinks et al. (196l) reported a phenotypic correlation of .12

and Koch et al. (1973) reported a phenotypic correlation of .18.
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Other studies have reported this correlation to be higher, (Petty and

| N Y e W S

Cartwright, 1966, .23; Brinks et al., 1964, .26; and Koch et al., 1973, .

.27); Nelsen (1976) reported that the phenotypic correlation between
birth weight and ADG in Angus calves was .26 and in Hereford calves it
was .19.. Residual correlations between birth weight and prewéaning:.
average daily gain in Simmental calves was reported by Burfening et al.
(1977) to be .29. |
| Genetic correlations between birth weight énd average daily‘gain"
were generally similar to the phenotypic correlations. Kpch EE;El'
(1973) reported a genetic correlation of .10 between birth weight and
ADG. Genetic correlations of .11, .38 and .46 have been reported
_ by Brinks et al. (1962), Petty and Cartwright. (1966) and Brinks gE_gl;
(1964), respectively, for -birth weight and preweaning average daily
gain. Nelsen (1976) reported genetic correlations between birth weight
and ADG of .38 and .17 in Angus and Hereford bull calves, resﬁectively.
In Simmental.crosé calves, Burfening et al. (1977) reported a pooled
genetic‘correlation of .17 for the two traits.

Phenotypic correlation between birth weight and weaning weight
were-generallY,larger than those for birth'Weight.and ADG. fhre also
: appeared‘to be less variation among the reported estimates for the
phenotypic correlations: Brinks et al. (1962) .30; Koch et al. (1973),
.35; Petty and Cartwright (1966), .39 and Brinks et al. (1964), .41. .

The genetic correlations between birth weight and weaning weight were
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also larger than those reported for birth weight and ADG. These corre-
lations range from a .41 repérted by Koch et al. (1973§ to a .68 report-—
ed by Shelby et al. (1964). The average genetic correlation reported
by Petty and Cartwright (1966) was .58. Burfening et al. (1977)
reported a genetic correlation of .33 for these two traits.

As expected, due to the nature of the growth of young beef calves,
the phenotypic and genetic correlations between preweaning average
déily gain and weaning weight were almost unity. The reported corre-
lations between these two traits were generally greater than .95
(Petty and Cartwright, 1966, .97 and .09; Koch et al., 19?3, .09 .and
.95; Nelseﬁ, 1976, .98 and .96 for Angus and .98 and .97 for Herefords
and Burfening et al., 1977, .98 and .99 for the phenotypic and geﬁetic
correlations, respectively). |

Variance Components for Sevéral Random Effects Associated with Beef
Cattle Production

Cundiff et al. (1975) examined the genetic variance associated
with data from sires selected from herds of Angus and Hereford cattle.
A model containing the random effects of year, herd within year and
'sire within herd within year plus fhe fixed gffects of sex and breed
of the dam was used to evaluate the genetic variation among'and witﬂin
different herds of beef cattle for the production traits from birth
through'siaughter and several carcass traits. The percentage of
genetic variation associated with the herd effect for birth weight

was 3.9%2.2. The corresponding variation for the sire within herd
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effecf was 2f412.5% of the total variation for birth Weight.

Burfening et al. (1977) examined the variance components of
~managemént unit (herd weaning weigh date) and sire for birth weight,
preweaning average daily gain and weaning weight. The variance coﬁ—
ponents for management unit for the birth weights of the male progeny
were 19.8%Z of the total variation aésociated with the model and the
sire variance was 10.4% of the total variances in the model. ‘These
percentages were 26.7 and 7.5% for ménagement unit and sire, respectiﬁely,
in the female data. The pooled estimates of the variances associated

.with management unit and sire in their study were 23.8 and 7.8%,
respectively.

The estimates of the variance components for herd and sire within
herd for average daily gain were examined by Cunningham an& Henderson
(1965) using Hendersons Method II (1953) in Angus and Hereford data.
Herds accounted fo 187 of the total variation in ADG in the Angus
data and 15% in the Hereford data. The sire within herd variance
componen£ accounted for 11% of the variation in ADG in the Angus‘data
and 107 in the Herefofd data. The interaction Bétween herds and years
was ﬁore important in the Angus data at 9% of the total variation for
ADG compared to the 3%,variatibn in the Hereford data.

Kennedy and Henderson (1975) examined the variances associated
with average déily gain as affected‘by yvear, herd, sire within herd,

year by herd and sire within herd by year. Field data from creep and-
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non-creep fed Angus and Hereford progeny were used in the study. The
variation associated with the year effect was small (<2%) and coﬁsidéred
unimportant in the study. This was true in all but the creep fed Angqs
data where thig effect accounted for approximately,42 of the total
variation in ADG. All four data sets (non-creep and creep fed Hereford'
and Angus) contained substantial variation associated with the differ;
ent herds in the study. This effect explained 25 to 27% of the varié—
tion in average daily gain of all data sets except in the creep fed
Angus data where this effect explained 40% of the total variation.
There was no apparent difference between the variation for her& in
the Angus or Hereford data or between creep or non-creep fed progeny
. other than in the creep fed Angus calves. The sire within herd
variation was found to be somewhat important in the explanation of tﬁ¢4
total va;iation and explained(5 and-7%) in the nén-creep fed data and
(3 and 4%) in the creep fed data. There was no difference:bétween-
.thé Hereford ahd Aﬁgus data sets within the creep and no creeﬁ fed data.

Kennedy énd Hendersom_ . (1975) dlso reported that herd by ﬁéar was
more important than the effects of year and sire within herd.vrThis
variance was 7, 9, 10 and 2% for the non-creep fed Hereford and‘Angﬁs
and creep fed Hereford and Angus data sets, respectively. The smaller
year by herd interaction variance in the creep fed Angﬁs data (2%)
may be due to the larger year effect in this data set. Year by sire

© within herd was also considered to be of some importance. This effect
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explained 4% of thé variation in each of the non-creep fed data‘sets
and 1 and 3% in the Hereford and Angus creep fed data sets, resﬁec—
tively. The error variance for the four data sets ranged from 47‘to
56% of the total variation.

The above variance reported for ADG by Kenedy and Henderson (1975a)
for the wvarious sources of variation are exactly the same for weaning
weight in their study. The year effect was small with the herd effect
explaining between 25 and 41% of the total variation in weaning weight.
Sire within herd was small but may be important at between 3 and 7%>of_
the total variance. Any trends exhibited in the preweaning average
daily gains were also found to hold true for weaning weight in their
study.

Schaeffer and Wilton (1975) examined the weaning weight components
of variance fof sire and error in data from Charolais, Simmental and
Limousin sired progeny. They reported that the sire variances were
substantially larger for the Charolais progeny £han for the Simmental
and Limousin data. The error variances were vary similar. The re-
sulting sire to error variance ratios were 7, 32 and 22 for Charolais,
Simmental and Limousin data, respectively. The small sire variances
in the data would necessitate large numbers of progeny per sire in

order to properly evaluate the differences between sires.
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Burfening et al. (1977) found that the management unit source
of variation explained 44% of the variation in weaning weights of
Simmental sired calves. The sire component . of variance only accounted .
for 6% of the total variation but was considered to be of some biologi—
cal value.

-

Heritability Estimates for Birth Weight, Preweaning Average, Daily
Gain and Weaning Weight

The heritability studies for birth weight most often deal wi£h
the estimates derived from the paternal half-sib éorrelations. These
resuits as published in summaries by freston and Willis (1974) have
an average value of .38 using all breeds of cattle and a;value of
.44 as reported by Petty and Cartwright (1966) in only b;ef cattle.
The heritability estimates for birth weight of calves sired by
Simmental bulls was .42 in the case of male data only and.30‘for
female data with combined gstimate of .31 as reported by Burfening
et al. (1977).

The heritability estimates for preweaning average daily gain
are generally about .30. Petty and Cartwright (1966) reported a
summarized weighted average of .31 when the overall average of .26
was adjusted for the nuﬁbers of progeny per estimate. Cunningham and
Henderson (1965) estimated the heritability of average daily gain from
the variance component analyses on an intra— and inter— herd basis by

the use of the following formula:




L [0 O Ll A

_62_
intra- inter-
’ 2
2 . 2 2
= g = [e)
h 4 s/h h 4 s/h
02 + o2 : S SR TR oz

S/h e . . h S/h

where the oi/h‘term is the sire within herd variance, Oﬁ is the hera
variance and Gz is the residual variance from a mixed model siﬁuation
using Hendersons Method II (1953). They had assumed that the idenfi;
fiable environmental variation was corrected for aqd that there was
stable gene frequencies,.no epistatic gene actionland‘random‘mating ‘
within thepopulation was present. They reported heritability-esfimates
of .59 and .47 for the Angus data for the intra- and inter- herd basis,-
respectively and .50 and .42 for the Hereford data for the intra- énd
inter- herd basis, respectively. They felt that these'estimafes were
large due to biases in the variance components with regard to maternal
and other sources of genetic influences not being accounted for by the.
model,

Kennedy and Henderson (1975a) reported heritability estimates for
ADG to be between .20 and .42.- Their study involved Hereford and Angus’
data from creep and non-creep fed progeny in herds throughout Canada.
These estimates were not unlike those reported in previous stgdies.
There were two trends indicated in' the estimates howévef, lj the

heritability estimates for ADG were larger in the Angus data than the
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Hereford data .42 vs. .32 in the non-creep fed populations, respec~
tively, and .28 vs. .20 in the creep fed population, respectivély,
and 2) the heritability estimates for ADG were 1§rger in thé non-creep
fed populations than in the corresponding creep fed populations (see
above values).

Cundif? et al. (1975) reported that on a within herd basis the
heritability of preweaning average daily gain for a combined Angus
and Hereford study was .10+.10.

The heritability estimates for weaning weight as summarized by
Nelsen (1976) Withi; the beef breeds was about .31. If this estimate
was weighted by the number of sires in the different studies, |
this value was .41. Weighting by the number of progeny per study
resulted in a hertibaility estimate of .39 for weani;g‘weight. A
weighted mean of .28 was reported by Petty and Cartwright (1966).
Pfeston and Willis rep&rted an .average value of .30 for the herita- .
bility of weaning weight. Nelsen (1976) reported a heritabi}ity
estimate of .15 for wéaning weight of the.Angus bull calves whiéh
was lower than the estimate obtained from the Angus heifer data
' (.28) and the Hereford bull data (.33). |

The heritability estimates for weaning weight reported by Kennedy
and Hénderson_(l975a) were similar to those reported for prgwéaning |
average daily gain in their study. The non-creep fed ﬁroggny had

larger estimates (.33 and .44, Hereford and Angus, respecively)
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than the estimates from the creep fed data (.19 and .20, Herefdrd and
Angus data, respectively) and were larger in the Angﬁs data than in the

. Hereford data.

Burfening et al. (1977) reported that the heritability estimates
for weaning weight for Simmental sired calves was .22 when pooled

over the two sexes.
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MATERTALS AND METHODS

Field records supplied bylthe American Simmental Association from
their 1976 sire evaluation proéram were used in fhe stpdy. ,Thé
records represented approximately 350,000_progeny from more ‘than 700
purébred Simmental sires. The sires were used in artificial iﬁsemina—
tion breeding programs in herds located throughout the Uﬁife& States.

The use of field records iﬁherently contain some disadvantages.
The records were collected without direct supervision and may have
been subject to greater errors than records collected under'controlled .
situations. Indentification of individuals, accuracy of measuremnts
and completeness of the individuals records are additional problems
assoqiated with the use of field records. Attempts to remove some'of\
these errors in the data were domne through several edits Whiéh were
.performed_on the data prior to analysis. ‘ |

The data were edited with records excluded from the study accord-
ing to the criteria shown in table 1. Records withoﬁt an aétual Birth
weight, weaning weight, birfh date for the dam or a weaning aée of
less than 160 days or greater than 250 days were deleted.. Experi-
mental evidence has indicated that calf growth is linear within the
160 to 250 day age range, but that linear growth is not mgintained

within substantially wider age ranges (Cunningham and Henderson, 1975).-
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TABLE 1. EDITS FOR THE VARIOUS TRAITS

Trait

Edit criteria

A1l traits

Birth weight

Weaning weight

_Any percentage of Simmental breeding

other than 1/2 or 3/4 was deleted

-All steer data was deleted

Any progeny record with an age of dam
less than one year nine months was
deleted

Only actual birth weights were retained

Birth weights less than 18.2 and greater
than 77.2 kg were deleted

Weaning weights less than 90.9 and
greater than 453.6 kg were deleted

Weaning ages less than 160 and greater
than 250 days were deleted -
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Only prbgeny records from one-half and three—qﬂafter Simmental
calves were retained. Preliminary subcell counts indicated that fhere~

would be insufficient steer data and therefore all.steer data was
excluded from the data base. Ages of the dams were calculated

according to the current B.I.F. (1976) recommendations and.fecdrds

from dams less fhan one year nine months of age were deleted. ' All

dams whose age was greater than five years were réclassifed as beihg
fivé years of age (mature). These dams ranged from 5 to 11 years of age.
Management units were designated as individual weaning weigh dates
within breeder number. Management unit therefore accounts for herd,

year and season of birth in the analyses.

Due to confounding of preweaning management'(creep feedings vs.
no creep feeding) within management unit, the data 5ase was further
edited to remove any management units which were cross classified for
creep and non-creep fed progeny. ‘

The use of management units with both creep fed and non-creep
fed progeny would have resulted in the use of only a limited amount
of the data available.' The lack of cross classified management units
is understandable in this instance where field records aré being
utilized. The use of creep or no creep would-obviéusly be used
across an entire mangement unit, and only in limited cases Woﬁld
it‘be possible for the manager of the ranch to use both creep and no

creep feeding within the individual. management unit.
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The nature of the data being from the relatively recently intro--
duced Simmental breed to the United States also meant that the amount
of Simmental breeding in the progeny would be less than 100%, In the
data available, the predominate breeding of the progeny was either 1/2
or 3/4 Simmental. As with the practice of creep and no creep feeding
within management unit the data was also confounded for the amount.bf
Simmental breeding in the individual management units.

The data base was therefore subdivided into fopr subfiles accord-
ing to preweaning management (creep or no creeb feeding) and the amount
of Simmental breeding in the calves (1/2 or 3/4), (CF 1/2, Cf 3/4 and
NCF 1/2, NCF 3/4, respectively). These data files were then edited
to inusre that there were two sires per management unit witﬂAone or
more of the sires being a designated reference sire. A reference
_sire is one which had 300 or more progeny from 25 or more management
units for weaning weight in the 1976 sire summary for the American
Simmental Association (sire summary reference).

The requirement for two sires per management unit and.one reférf
ence sire was made in an effort to decrease the Amount’of disconneeted—
ness between management units. The estimation of the management
unit variances requires at least some form of ties between the différ—.
ent management units. The requirement of two sires and the use of

the designated reference sires would fulfill this requirement.
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The statistical methods employed (Mixed Model Léast‘Squares,'Harvey;-
1973) necessitated that for tﬁe particular mode;s utilizéd in thg ”
analyses of the data there be an upper limit on. the numéer 6f sires
that could bé'preéent in the individual data sets. This limitation
.resulted in a simplified process of .iterative edits where by ap§
sire with fewgr than a predetermined number of progeny were deleted
until only the proper number of sifes remained in the data sets.
Alljsires were given a éoded identification number fo;,use in the
analyses. The sire list with the number gf progeny per sire and the .
number of management units in which the sire was used is given in
appen&ix table 1 for each subfile. ‘

The number of progeny and other descriptions of the final data
séts are presented in table 2.

The four data sets were each used to study the effects of environ-
mental and genetic sources of variation and ingeraétions gssociaﬁed
with-the dependent variables of birth weight, preweaning average

daily gain (ADG) and weaning weight.
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TABLE 2. NUMBER OF OBSERVATIONS PER DATA SET AND OTHER DESCRIPTIONS
' OF THE DATA SETS FOR MODEL I

Data set
Item NCF 1/2 CF 1/2 NCF 3/4 CF 3/4
No. observations 4106 1885 8612 4033
No. sires 45 44 45 46
No. males 867 280 . 2541 1359
No. females 3239 1605 6071 2674
Age of dam _
2 yr 300 83 4671 2124
3 yr 686 402 2449 1288
4 hr . 716 289 . 1202 495
5 or older 2404 1111 290~ - 126
No. management . - .
units 224 83 563 196
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Two models were used to analyze the effects of environmental and
genetic sources of variation and interactions on the dependent vari-
ables. . Model I was used to evaluate the effect of the sire by sex

=u+H, +8S.
1

interaction within the four data sets. Model I was Yi’ 5

. jkl
+ Xk + A1 + (SX)jk + (XA)kl + eijklm here Yijkl = the pbserved
individual's response with u = the population mean, Hi = a random
variable associated with calves of the jth sire, Xk = a fixed effect

common to the calves of the kth sex, A, = a fixed effect common to

1
the calves from the 1th age of dam, (SX)jk = a fixed effect common to
the calves of the ith sire and the kth sex, (XA)kl = a fixed effect
cmmon to the calves of the kth sex and the 1th age of dam, e,, =
A ijklm
the random error associated with the record of the m calf distributed
with the mean zero and variance 02. Interactions between management
unit and the fixed effects and the sire by age of dam interaction were
assumed to. be negligible at this time.
The following assumptions with regard to the distributions of
, . _ 2 _ 2.,
the random effects were made: Hi = N(u, cH), eijklm N(u, ce), Sj’
Xk’ A (SX)jk and (XA)k1 were considered to be independent and

1°
uncorrelated.

Thé expectations of the mean squares were presented in table 3
for Model I. The variances for the model were calcuiated aé described

by Harvey (1972) from the various inverse elements and coefficients

equated during the analytical procedures employed by the program.
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Due to limited confounding of sex within sire Withiﬁ management
unit, the data were reedited with the restriction that at least one sire
of the two or more sires required within each management unit be
cross classified wifh sex. The regulting low numbers of pfogeny in
the creep fed data sets necessitated their removal from the study.
The resulting data sets were described in ﬁable 4. The remaining two
data sets were analyzed according to Model II to evaluate the sire
by management unit interaction effect on birth weight, preweaning

average daily gain and weaning weight. Model II was Yi'

k1 =u + Hi + Sj

+ (HS)ij + Y, + A, + (XA)kl + eijkl = the observed individuals response

k 1

with u = the population mean, H, = a random variable associated with

i
calves born in the 1t'h management unit, Sj = a fixed effect common to:
the calves of the jth sire, (HS)ij = the effect common to the calves
born in the lth management unit and from the jth sire, Xk'= a fixed
effect common to the calves of the kth sex, Al = a fixed effect common
to the calves .of the 1th age of dam, (XA)kl = a fixed effect common to
the calves of the kth sex from the lth age of dam, eijklm = the random
error associated with the record of the mth calf distributed with

. 2 ce e
mean zero and variance O+ Interactions of management unit with the

remaining fixed effects were assumed to be non-existant.
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TABLE 3. EXPECTATIONS OF THE MEAN SQUARES FOR MODEL I.

Sources E.M.S.
Management unit 62‘ + ,02
. e kh H
Sire 02 + k 02
e s 8
2 ' 2
Sex 0e + kaK
2 2
Age of dam O + kaOA
. 2 2
Sire by sex ce + .ks%SX
Sex by age of dam 02 + k 02
v asg e xaXA
. 2
Residual G
e
TABLE 4. NUMBER OF OBSERVATIONS PER DATA SET AND OTHER DESCRIPTIONS
OF THE DATA SETS FOR MODEL II
Data set
NCF 1/2 NCF 3/4
No. observations 1068 3378
No. sires 45 . L
No. males 513 -1592
No. feamiles 555 1786
Age of dam
2 yr 159 1722
3 yr 173 1038
4 yr 213 522
5 or older 523 96
No. management units 24 85




S -] JL L k W I |

-7 4=
The following assumptions concerning the various effects were

— 2 ‘ — 2 3 . 3
made: Hi = N(O,OH), Sj (HS)ij— N(O,GHS), Xk = 0; A

1 =0 (XA),, =05

2 .
= N(O,de); S., Xk; Al and (XA)kl were considered independent

eijklm 3j

and noncorrelated.

The expectations of the mean squares for Model II are preéented
in table 5. . The variance components and their coefficients of Qaria—
tion were computed as described by Harvey (1972) form and various
inverge segments of the data matrix during the computatioﬁal proce-
dures involved in the solution of the model.

Variance components were obtained for the random managﬁent unif

effect (cﬁ) and the sire (og) and the sire by sex interaction (ogx)

fér Model I. The total variance associated with Model I was calculated

as being 02 = 02 + 02 + 02 + 02

T H g SX or The total variance associated with

' . 2 _ 2 2 2 2 .2
Model IT was calculated as being Op = Og + og + s + Ogs where Ong =

the sire by management unit interaction.wvariance component.

Genetic correlations of the sires' progeny performance within
the two sexes (Model I) or within the management units (Model II)
were calculated to estiﬁate the importance pf the sire by sex and sire
by management unit interactions for birth wéight, preweaning average
daily gain and weaning weight. No interaction woqld be ihdicated by
a genetic correlation of unity. It has been suggested by Robertson
(1959) that a figure of less than .80 may denote a biologicallyi

important interaction.
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TABLE 5. EXPECTATIONS OF THE MEAN SQUARES FOR MODEL IT

Source

Management unit
Sire

Sire by management unit
Sex
Age of dam

Sex by age of dam

Residual

N
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The genetic correlations of the sires' progeny performancé within

2 12
go = -8 =k S (1)
52 4 kL 2

s T Tk USX -

as presented by Yamada (1962), where k = the number of sexes involved.

each sex was approximated according to:

'The genetic co;relation of the sires' progeny performance within eéch
manaéement unit was also qalculated by thé above method. The 'k in’
this instance was equal to the number of management units in the study
Qithin each data set and oés was substituted for agx in formula 1.
The‘sampling variance of the genetic correlation coefficient

V(rge):ﬂyronly two enviromments, as in Model I, was approximated

according to:

V(ryy) = {at(lry) + (1-0)}° + r2(-0) . r(1-0)”
(N—l)nzt2 N(n—l)nzt2
as presented by Robertson (1959), where t = S;_, n = the average
o

number of progeny for the sire by sex interaction sﬁbélasses,~N = fhe
number of sire sgbclasses and rg = the computed genetic corrglation.‘

The sampling variance for the genetic correlation coefficient
V(rge) for Model II was approximated according to:

V(rgg) = 2011-5 + nt(l-r )}{1 + (-Dr} + (-Lr, 1-0) )+ 262 (1-6)°

(N-—l)p(’p—l)nzt2 pN(n-1)n2t2
as presented by Robertson (1959). The additional term (;) is equal to

the number of different environments (management units) involved. The




{10 R N Y |

~77~
n in this instance is the average number‘of progeﬁy for the sire by
management unit subclasses. If the product of the intraclass cofre—
lation (t) and the average size of the related progeny subclasses (n)
is greater than unity, the V(rge) as calculated by Robertson (1959)
decreases as rg increases. He further stated that if n becomes too
large, the chance of finding an important interaction is aecreased
even though one exists.

Rank-order correlation cbefficients and simple product mément
correlation coefficients for sires between each sex (Model I) were
also calcqlated for each dependent variable in each data set
(Snedecor and Cochran, 1967). The rank order coefficient was calcu-
lated from the original rankings of the sire constants whereas the
product moment coefficients were calculated from the actuai sire
constants.

Herit;bility estimates for birth weight, preweaning average

daily gain and weaning weight for each model were calculated using

‘a9 }
w? = 495 , (Falcomer) 1960):
~2
O |
Genetic correlations between the three traits were also calculated

the paternal half-sib procedure where

for each Model and data set.
Tests for the differences between the means for each data set
weré conducted using a modified and weighted t test described by

Sﬁedecor and Cochran (1962) for independent samples with nys # ﬁz and

2 4 2

oy " Ogs
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RESULTS AND DISCUSSION

MODEL I

Model I was designed to evaluate the effect of the sire by sex
interaction on the post-natal traits birth weight, preweaning average
daily gain (ADG) and weaning weight (205-day adjusted), The inter-
action was examingd in each of the four data sets, non-creep fed and
creep fed 1/2 Simmental progeny and non-creep fed and creep fed 3/4
Simmental progeny, (NCF 1/2, CF 1/2, NCF 3/4 and CF 3/4, ?espectively).
The overéll least squareés means! for birth wéight, ADG and weaning
weight for the four data sets are presented in appendix table 2.

Birth Weight. The Model I analyses of variance (table 6) whowed

that all sources of variation were highly significan£ for birth weight
in all four data sets except the sex by age of dam interaction which
was not significant in any of the data sets.

The differences in the mean birth weights between the four data
sets (appendix table 2) revealed that there was a difference (P<.05) in
the birth Qeighés of the 1/2 and 3/4 Simmental calves. .The 3/4
Simmental progeny were approximately 2 kg heavier at birth than the 1/2
‘Simmental prdgeny. There was no difference betweén the mean birth
weights of the non-creep fed and creep fed progeny within the 1/2 and

3/4 Simmental calves.

1 The least squares means were calculated from the simultaneous solutions
of the normal equations for each model and were adjusted for the
disproportionality of the.data with regard to the various sources
of variation in thé models. ' :
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TABLE 6. LEAST SQUARES ANALYSES OF VARIANCE FOR BIRTH WEIGHT (ﬁODEL I)

Data subset -
NCF 1/2 CF 1/2 NCF 3/4 CF 3/4

Source df M.s.® df M.S. df M.S. df M.S.

jManagement - )
unit 223 10270** 82 76.6%% 562 107.4%% 195 90.1%*

Sire 44 . 58.9%% 43  27.1%% 44 T77.6%% 45 66.6%%
Sex - . 1 1128.2%%k 1 211,7%% 1 2802.7%% 1 1151:1**
Age of dam 3 174.1%% .3 42.,5%% 3 1236.1%% 3 886, 8%% A
-Sife by Sex 42 - 28.1%% 24 23.7%% 43  27.3%%x 39 24.8%
Sex ‘by Age ' ' _

of dam 3 8.7 3 18.2 3 11.0 -3 22.2

Residual 3789 23.1 1728 9.7 7955 15.9 3746 17.0

a Mean Squares (kgl).
* P<.05.
*%Pp<,01.
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The -least squares means for birth weight for each sex are ﬁre—
sented in appendix table 3. The male calves were 2.6 to 3.2 kg'
heavier than the female calves. This difference was similar to that -
reported in the literature (Laster et al., 1973; Smith et al., 1976
and Burfening et al., 1977)

The least squareé means for birth weight in the 2, 3, 4 and 5
year old or older dams are présented in appendix table 4. 1In all
féur data sets the trend was for the progeny to exhibit larger birtﬂ
weights as the age of thevdam increases. This was especially evident
between the yoﬁnger ages of dam. The birth weigﬁt of calves from 2
year old dams compared across data sets were not-generally different
from each other except in the CF 1/2 data, where the birth weight of
the progeny were approximately 2 kg lighter than the other thfee data

.sets. The birth weights of the progeny from the older~dams were
larger in fhe 3/4 Simmental calves, however. The differences between
the birth weights of pfogeny from 2 and 3 year old dams‘was generally
greater than the corresponding difference noted between the 4 and 5
year old or older dams within each data set. The least équareé means
for the birth weights'of the male and female progény for each age of
dam are presented in appendix.table 5.

The least squares means for birth weight for each sire in each
data set are presented in appendix table 6. The significant effect

of sire on birth weight was also reported by Woodward and Clark -(1950),
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‘Kress and Webb (1972) and Nunn (1974) for the béef calves in their
respeétive studies.

The least squares ﬁeans for each sex of calf within each sire ‘are
presented in appendix table 7 for each data set. The significant1inter—
action was not in agreement with many of the reports found in the liter~
. ature. Tanner et al. (1960), Wilson et al. (1969) Thrift et al. (1970)
and Kress and Webb (1972) aii reported that the sire by séx interactonA’
was hot a significaﬁt source of variation for birth weighis of beef
cattle. |

Estimates of the components of va;iancg.for birth weight and the
percent of,the total variation for managemgnt unit! sire{'the sire
by sex intefaction énd the residual variance are presented inktable 7
for Model I. The management unit component of variance for birth‘j
weight accounted for 19.5 to 28.7% of the total variance. The manage-
ment unit'vériances for the NCF 1/2, CF 1/2 and NCF 3/4 daéa sets wereA‘
approximately equal at 28,7, 27.1 and 28.27% of the total, respecti&elﬁ.
The CE 3/4 management unit variance'component wés slightly less at
19.5% of the total variance. The environmental differences in manage—
ment unit, i.e., location, management practices other than creep
.feeding, climate, etc., constitute an important source of variation
affecting the birth weights of the progeny as evidenced by the magpi—
tude of the variance components associated with management unit in

Model T.




TABLE 7. ESTIMATES OF THE COMPONENTS OF VARIANCE AND THE PERCENT (%) EACH ARE OF THE TOTAL
VARTIANCE FOR BIRTH WEIGHT (MODEL I)
Management _
Data set kn' - unit _ks Sire ksx S;re X sex Residugl Total
NCF 1/2 13.5 1 6.25 (28.7) 36.2 1.24 (5.7) 43.0 .33 (1.5) 13.90 (64.0) 21.73
CF 1/2 15.5 4.35 (27.1) - 15.1 1.15 (7.2) 18.6 75 (4.7) 9.70 (61.0) 15.97
NCF 3/4 13.9 6.55 (28.2) 92.9 .66 (2.8) 120.8 .09 ( .4) 15.94 (68.8) 23.24
CF 3/4 16.5 4.43 (19.5) 46.0 1.08 (4.8) 66.1 A2 ( .5) 17.04 (75.2) 22.67

~Z8~

]
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The relative magnitudes of the sire variance components for birth
weight were considerably less than those for management unit, (tébie 7).
Sire'components of variance accounted for 2.8 to 7.2% of the £otal
variance in the four data sets. The sire components in the two,l)Z
Semmental déta sets were largei than the sire compents in the céfres—
ponding 3/4 Simmental data sets, (5.7 and 7.2% vs. 2.8 and 4.8%,
resﬁectively). The sire components of variance wereialso*larger in
the creep fed data sets than in the non-creep fed data sets, (7.2 and
4.8% vs. 5.7 and 2.8%, respectively). In ail data sets, the.sire
ﬁariancecomponeﬁtvmuld indicate that the variation associated with
the sire effect may be of importance in assessing the differences in
~ birth weiéhts of the Simmental progeny. The sire variances for birth
weight reported by Cundiff et al. (1975) of é.4% were in agréément
with those of the present study. -

The variance components for tHe sire by sex interaction (table 7)
indicate that it was generally of small consequence in the explanation
of the total variation of Model I. The one exception being the
variation explained by the interaction in the CF 1/2 data set where it
accounted for 4.7% of the total variation., This factor explains only
1.5, .4 and .5% of tﬂe total variation in the NCF 1/2, NCF 3/4 and
CF 3/4 data sets, respectively. The variance components for the sire
by_sex interaction in the 1/2 Simmental calves did, however, contribute

more to the total variation in birth weight than in the 3/4 Simmental
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calves. This trend follows that reported for thé sire effect. The
sire by sex interaction variance components were the smallest of the
three sources of variation examined.

The residual variances across the four data sets explaned 61.0 to
75.2% of the total variation examined and accounted for the 1argeét
proportion of the variation in the birth weights of the progeny for
Model I. The residual variances for birth weight were 1arggr in
- magnitude in the 3/4 Simmental data than they were in the 1/2

Simmental data. There appeared to be no trend in_theresidualvarianées
between the.creep fed and non-creep fed data within the 1/2 and 3/4
. Simmental ;alves.

The genetic (rge)\rank—order and product moment correlations of
the sire's progenys performance within the two sexes for birth Weigﬁt
are presented-in table 8. Within the NCF 1/2, NCF 3/4 and CF 3/4
data sets the genetic correlafions are relatively large at .77t;13,
.82£.10 and .89+.10, respectively. The genetic correlations for NCF
1/2, NCF 3/4 and CF 3/4.were an indication that there was no change
in.the rankings of the sires between the male and female progeny. The
genetic correlation fof birth weight in the CF 1/2 data was .51%.22
indicating a change in the rankings of the sires' progenys birth weights
for the male and female calves. As suggested by Robertson (1959), a

genetic correlation of less than .80 may be of biological importance.
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The variance component for the sire by sex interaction in the CF 1/2 .
data set éccoﬁnted.for 4.77% of the total variation and supﬁorts ghe
gegetic (rge) correlation. The non-parametric rankjorAer correlation‘
coefficients presented in tablé 8 indicate that there were few differ-
eﬁces in the original rankings of the birth weights of the male and
fémale progeny for the sires in the NCF 1/2 and CF 3/4 data éets.
Thesé two céefficients agree with the genetic éorrelations and the
relative impor;ance of the sire by sex'interaction variance components.
The rank-order correlation of -.14 in thg CF 1/2 data set indicéted
_that significant changes in rank were occurring between the birth
vweighté-of the male and female.progeny from the various sires. Thé

small rank-order correlation of .08 in the NCF 3/4 data éep also

indicated changes in ank but did not agree with the genetic correlation

)

or the interaction variance component for the déta set. The pioauct
_ﬁomént correlations shown in table 8 were in close‘agréement withi

the génetic correlations. There is no evidence of a significant'
interaction for the birth weights between the male and feﬁale progeny -

in the NCF 1/2, NCF 3/4 and CF 3/4 data sets.
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TABLE 8. GENETIC (rge) RANK-ORDER AND PRODUCT MOMENT CORRELATIONS OF

THE SIRE'S PROGENYS PERFORMANCE WITHIN EACH SEX FOR BIRTH
WEIGHT (MODEL I)

. . Data set -
Correlation NCF 1/2 CF 1/2 NCF 3/4 CF 3/4
Genetic 77513 \51%.22 :82¢.10°  :89%.10
Rank-order .52 (.76)®  —.14 (.59) . .08 (.45) .50 (.74)
Product moment 45 (L72)  -.03 (.52) .33 (.64) .52 (.76)

aUpper 95% confidence limit.

The sigpificant siré by sex interaction found in thrée of the
data sets.(table 6) was not found to be an important source of varia-
tion for birth weight as -evidenced by the variance components and the
vgrious correlation coefficients. In only the CF 1/2 data did the
.sire by .sex inﬁeractions appear to be of any biological impdrtance.
The variance component explained 4.7% of the total variation in the
model-and the low genetic (rge) and rank-~order correlatlons suﬁport-
the trend for d1fferences in the ranking of the birth weights of the

-sires' male and female progeny.

Average Daily Gain. The analyses of variance under Model I
(table 9) showed that all sources of variation included in the model
had a significant effect on ADG except the sex by age of dam interaction

in the two 1/2 Simmental data sets and the age of dam effect in the

‘CF 1/2 data.
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TABLE 9. LEAST SQUARES ANALYSES OF VARIANCE FOR PREWEANING AVERAGE
) DAILY GAIN (MODEL I) )

Data set
NCF 1/2 CF 1/2 NCF 3/4 - CF 3/4

Source df M.s.2 df M.s. df M.S. df M.S.
Maﬁagement ’ . N

unit 223 .204%% 82  .57%% 562 .195%% 195 .190%%.
Sire 44 .036%% 43 .020% 44 .060%% 45 ,033%%
Sex 1 1.113%% 1 .227%% 1 2.040%%* 1. 1.193%%
Age of dam 3 L 214%% 3 .018 3 2.151%% 3 L721%%
Sire by Sex 42 .033%% 24  ,022%% 43 .018%%* 39 .021%%
Sex by Age ,3".023 3 .01l4 3 . 088%%* 3 .066%%

of dam ) . : -

Residual 3989 .012 1728 .012 7955 .011 3746 011
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Across data sets the mean ADG for the NCF 1/2 progeny ‘were ,03 kg
ter day larger than that of the CF 1/2 calves and approx1mately 14 kg
per day smaller than the two 3/4 Simmental data sets (appendlx table 2).
'There was no apparant d1fference ‘between the ADG of the two 3/4 Slmmental
1data sets.” Within each data set the male pfogeny gained at a faster
rate than did thg female progeny (appendix table 8). Thé relative
differences in the rate of gain between the hale and female progen&
within each data set was consistently between ,08 and .10 kg per day.

. Bﬁrfening et al. (1977) reported that Simmental sired buil calves
gained appthximately .08 kg per day more than heifer contempbraries.

The least squareh means for ADG for the different ages of dam afe’
presented in appendix table 9. Unlike birth weight; the ADé of the
“progeny from 2 year old dams were less in the 1/2 Simmental calves'thanf
~in the 3/4 Simmental.calves. This difference remained through the
mature dams. 'In all cases, the preweaning average daily gain of thé'
progeny-increaéed as the age of the dam increased from- 2 to 5 years Qf
‘age . or older. The greatest change in ADG was between the 2 and 3.yeat‘
old dams. Smith et al. (1976) and Burfenming et al. '(1977) reported
 that ADG was significantly affected by the age of the dam. Smith EE.él-
reported that as the age of dam increased the change in ADG also |
increased.

The sex by age of dam'ihteraction wés hot‘a significant source

of variation in the 1/2 Simmehtal'data but was éignificant in the 3/4
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Simmental.data. The least squares means for the sex by age of daﬁ‘

. Interaction subcells are presented in appendix table 10. In the 1/2

Simmental data the difference between the male and female progeny for
: ]
ADG was the same in the younger dams as it was in the older dams.‘ In

the 3/4-Simméntal data the difference in ADG between the male and

" female progeny from 2 and 5 year old or older ddms was .01%.02 and

.12%.02 kg per day, respectively. Therefore, as the age of the dam
increaéed the average daily gain of the male calves indreased'over'tha£
of the female calves.

The residual correlations between birth‘weight and ADG are presented
in apﬁgndix tablé,ll; There was a positive but rather small cqrfelation
(P<.05) betweenbirth weight and ADG in:the NCF 1/2, CF 1/2 and NCF_3/4
data. There waé no significanf correlation between birth weight an&

ADG in the CF 3/4 data. The correlations indicate that the mégnitude

of the birth weight of the progeny does not necessarily mean that the

ADG of the progeny will reflect that magnitude. . The trend was espécially
marked'in the two creep fed data sets where the‘correlations‘were less
thaﬁ .081:_Burfening_§£_§l. (1977) reported a residual correlation betweén
birfh Wéight and ADG of .11 in a study with SiﬁmentalAprogeny pooled
over different types of ménagement. The Petty and Cartwright.(l96§)

review reported an average phenotypic correlation -of .23 between birth

-weight and preweaning average daily gain in beef cattle{"

The genetic correlations (rg) between birth weight and ADG of the

progeny (table 11) were positive (P<.01l) in all data sets except the
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CF 1/2 data. The negative (~.38) correlation between birth weight and
ADG would indicate that the genetic contribution to the birth weights and
average daily gains of the calves acted in opposite directions. |

The least squares means for ADG for each sire are presented in
appendix table 6. The importance of sire as a source of variation for
ADG was also indicated in reports by Tanner et al. (1970), Thrift_gg_gi.
(1970) and Kress and Webb (1972).

The least squares means for the sire by sex interaction subcells
for ADG are presented in appendix table 7. This partiéular source of
variation was also found to have a significant effect on ADG as reported
by Kress and Webb (1972) with Hereford and Angus calves. Tanner et al,
(1969,11970) and ‘Thrift et al. (1970) did not find this interaction to
be significant for ADG.

Estimates of the components of variance for ADG and their percent of
the total variance for management unit, sire, the sire by sex interaction
and the residual variation are presented in table 10. The wvariance
component for management unit expressed as a percent of the tota% variance
explained from 48 to 54% of the total variation in ADG. The effec£ of
management unit is quite consistent across the four data sets and varys
only 6% between the four data sets. The percent variation explained by
management unit was almost twice as large for ADG as it was for birth
Weight acréss the four data sets. It can be seen that the prenatél

development of the individual was not influenced as greatly by the




TABLE 10. - ESTIMATES OF THE COMPONENTS OF VARIANCE AND PERCENT (%) EACH ARE OF THE TOTAL -

VARTATION FOR PREWEANING AVERAGE DATLY GAIN (MODEL I)

Manégement
Data set ky unit - kg Sire kg  Sire x sex Residual Total
NCF 1/2 13.5 .0142 (51;8) 36.2 .0006 (1.8) 43.0 .0005 (1.8) .0121‘(44(2) .0234
CF 1/2 15.5 .6i58 (54.1) 15;1 .0005 (1.7) 18.6 .0005 (1.7) .0124 (42.5) .0292
NCF 3/4 13.9 .0133 (53.8) 92.9 .OOQS (2.0) 120.8 .0001 ( .4) .0108 (43.7) .0247
CF 3/4 - 16.5 .0002 ( .9) .0111 (48.9)  .0227

.0109 (48.0) 46.0 .0005 (2.2) 66.1

T

mi

T
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external envirommental factors explained by management unit as was ADG.
. The estimation of the management unit variances from the study were
'slightly larger than those reported for herd and herd-year by Cunningham
and Henderson, (19655, (15 and 18%); Sellers_gglgi.(1970); (20 and 30%3;
Wiisbn_gg_gl. (1972), (36 fo 6Q%); Schaeffer and Wilton (1974), (41 to
49%) and kennedy and Henderson (1975), (25 to 41%);

| The sire variance components were considefably smaller than the
management uni£ componenté and were between 1.7 and 2.2% of'the total
variation. As with management-unit, the sire coﬁponents were vefy
uniform across data sets in both absolute magnitu&e and percentage of
ﬁhe total. Ihere were no apparant trends between creep feeding and no
creep feeding or between the 1/2 and 3/4 Simmentai progeny groups. -The
sire variance components reported fér ADG were only Slightlyvdifferen£
than those reported by Cundifftgg_gl, (1975) of 2.5% and Kennedy and
Henderson (1977) of 7%. The sire variances fof ADG were considéraBly
less than they were‘fof birth weight. This wés especially true in the
i/2 Simmental data sets. The difference between sire variances for ADG
and birth weight seem to inaicate that the influences of sires 6n post—
natal growth rate (ADG) were not important as they were for preﬁatal
developméent (birth weight).

The sire by sex interaction variances (table 10) ranged from .4 to

1.8% of the total variances acress the four data sets. The sire by

sex interaction variance components within the 1/2 Simmental data were
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almost identigal to those for sire in the two corresponding 1/2
Simmental data sets. In the 3/4 Simmental data sets this component of
variénce was negligible (.4 and .9% of the total). This trend would
indic;té that there_may be an interactfon involving the sire by sex
eff¢c£ and the tﬁo digferent‘percentages of_Simmentél breeding in the
progepy-groups, The similarity between the percentages of variation
ekplained by the sire and‘sire by sex interaction effects in. the 1/2-.
Simmental data may indicate that the evluation of the genotype By
environment interaction by sire by sex may be as important as the
genotypic (sire) effect alonme. The sire by sex interaction source of
variation in the 3/4 Simmental data appears to be of only'small con—
.éequence in. relation to the total variatioﬁ,

-Thé pésidual Vériénceé for ADG accounted for approximately 42 to
497% of the fotal variation. .This term was very uniform across the
rfouf déta sets. The bercentages of the total expressed by the residual
'téfm in the model are less for ADG than those for birth weight. The
' change primarily reflected the additional variance associated with the
management uni; term in the model.

Tﬁe genetic (rge), rank-order and product moment correlations of
the sires' progény performance within the two sexes for ADG are

.presented in table 11. Within the NCF 3/4 and possibly the CF 3/4

déta the genetic correlation is relatively large at .82%.10 and .67+.20,

respectively, indicating no large interaction between sire and sex for
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ADG. Tﬁe genetic correlations for the NCF 1/2 and CF 1/2 data (,411.28
éﬁd .331,62, respectively) both indicate that there may be significént
changes in the rankings of the sires' progeny for ADG between the

male and female offspring.

TABLE 11. GENETIC (rge), RANK—-ORDER AND PRODUCT MOMENT CORRELATTIONS
OF THE SIRES' PROGENYS PERFORMANCE WITHIN EACH SEX FOR
PREWEANING AVERAGE DAILY GAIN (MODEL TI)

. Data set ‘
~Correlation NCF 1/2 CF 1/2. . NCF 3/4 ,CF'3/4
Genetic . L 41x.28 332,63 . .82t.14  .67%.20
Rank-order | .15 (L5132 .47 (.78) .28 (.60) 17 (.52)
Product moment .05 (.43) .47 (.78) .38 (m6i) .16 (.52)

" @Upper 95% confidence limit.

The rank-order correlation indicate that within the CF 1/2 and
‘ﬁCF 3/4 data sets there were n§ significant changes in rank for ADG
:between the male apd female progeny of the sires involved. The-rénk—
order corrélation for the NCF 1/2 and Cf 3/4 data sets'indicate.tﬁét
‘there ﬁay have been changes in the raﬁkings of the male and female
progeﬁy for ADG in these two data sets. |

The .product moment coérelations were in agreement with the rank;‘
ordér correlation for all four data sets. There were apbaren£ changes
in,rénk énd/or imporﬁance of the sire by sex interagtién ﬁhich is:
presenf in the NCF 1/2 data and possibly the NCF 3/4 én& CF 3/4 data.

The use ‘of several different methods of evaluating the importance of
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the sire by sex interaction does yield several different conclusions,

i.e, the analysis of variance shows the sire by sex interaction for

ADG in the CF 1/2 data to be highly significant; the variance component

" for the sire by sex interaction accounts for 1.77%7 of the total variation

.explaihed by the ﬁodel, the genetic correlation shows that there ‘is
significant changes between the male and female progeny's ADG for the
.different sires but the fank—order and product mément correlations‘
both show no significant changes in rank.

Weaning Weight. The Model I analyses of variance for weaning

weight (table 12) shows that all sources of variation were highly

' significant in ali fourldata sefs excépt the sex by age of dam inter-
action in £he 1/2 Simmenﬁal'célves and the age of dam effect in'the'
creep fed }/Z.Simméntal data.

" The least squares means for the weaning weights in the four data
sets were presented in ;ppendix.table 2. There were significant difQ.
fe:encés‘between the weaning weights of the NCF 1/2 and the CF 1/2,
NCF‘3/4 and CF 3/4 data sets and between the CF 1/2 and the NCF 3/4

and CF 3/4 data sets. There was no significant‘difference between the

two 3/4 Simmental data sets. Overall, the mean weaning weights'éf,the.‘

.1/2 Simmental progeny were about 30 kg lighter than the 3/4 Simmental
~progeny. There.appeafs to-Be no real biological differences between
the creep fed and non-creep fed data sets within the 1/2 and 3/4

Simmental data. The trends for increased weaning weight in the 3/4
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‘Simmentalhprogeny follows that found for birth weight and aVeragé
daily gain.

Within the four data sets the males ranged from 21.3 to 25.8 kg

heavier than the female progeny (appendix table 12). The.differences

were in the upper range of the differences reported in the.lite:ature.

Burfening et al. (1977) and Friedrich et al. (1975) both repdrtea 19 kg
differences between bull and heifer progeny ffom Simment;l sires. "The

differéﬁces between the two sexes were parallel that found for average

daiiy gain.

The least squares means for weaning weight for €ach age of dam
are éresented,in.épﬁendix table 13. The trend for increased weights
as the age of dam increased was noted in tﬂe Qeight differences be-
tween the 2 and 3 and 4 year old dams but was not as evident iﬁ'the
weigﬁt difﬁerenqés between the 4 and 5 year old and older dams. The
largest ihcrease.in weaning weight was between the 2 and 3-yegr'old

dams. Across data sets the differences irn weaning weights between

‘the different ages of dans was greater in the 3/4 Simmental data

sets than in the non-creep fed 1/2 Simmental data. Kress-and Webb
(1972) and Kress and Burfening (1972) .showed that age of dam had a

significant effect on weaning weight and that the peak production

was at about 5 years of age. Burfening et al. (1977) reported that

the differences between the 2, 3 and 4 year old dams with the 5 through’

8 year old dams were 21, 8 and 0 kg, respectively, in favor of the
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5 through 8 year old dams. ‘The differences in Qeaning weight across
ages of dam was almﬁst parallel that of average daily gainﬁ This was
to be éxpected due to the very large phenotypic correlatiop between
average daily gain and weaﬁing weight. The weaning weigh£s‘ofithe'
proéeny_from’the mature damé (5 years of age or older) in the two 1/2
Simmental data segé Wefe equal to or less than the weaqing}weights of -
fhe progeny from the 2 year old dams in the two 3/4 Simméntél data sets.
The weaning weights of the‘creép fed 1/2 Simmeﬁtal‘data were generally
less than the weaning weights of the non-creep fed 1/2 Simmental
prqgen& fof each age of dam subclass.

The sex by age of dam interaction was not a significant source

1

of variation for the weaning weights in the two 1/2 Simmental data sets
(table 12). Within the two 3/4 Simmental data sets the differences,
in‘wéaning Weights between the male and female progeny from the older
dams wére greater than thét of the progeny from the youngéf dams

(appendix table 14).
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TABLE 12. LEAST SQUARES ANALYSES OF VARIANCE FOR WEANING WEIGHT
(MODEL 1)
) Data set )

C NCF 1/2 CF 1/2 . NCF 3/4 CF 3/4
Source df M.s.2 df M.S. df M.S. df M.S.
Management _

unit . 223 932.7%% 82 11105.8%% 562  8783.6%% 195, 8490.8%%
Sire 44 1769.4%% 43 816.9% 44 3000.5%% 45r.l653.3**
Sex 1 62554.8%% 1 12644.0%% 1 119251.8%* 1 66490,0%*
Age of dam 3 11409.5%% 3 1092.1 3 112883.4%% 3 41321.5%%

Sire by Sex 42  1527.3%*% 24 936.1*% 43 887.9%% 39 . 920.0%%*

Se#'by Age : .
of dam "3 - 956.4 3 790.9 3 3790.5%% 3 3296.9%%

Residual 3789 546.3 1728 542.1 7955 488.8 3746  492.9

'@ Mean squares'(kgz) I o
% P<.05. . '
* %%p<. 0L,




- T -] el (2

-99-—
The residual correlations prsented in appendix table 11
indicated that the phenotypic correlations Betwéen Preweaning average
daily gain and weaning weight are almost unity (.98 to .99). This
correlation was quite high due to the par£—whole relationship between
the two triats. The correlations between birth weight and weaning
weight ranged from .21 to .29. Across the four data sets the corre-
lation between birth weight and weaning weight in the non-creep fed
data were higher Fhan the corresponding cdrrelationAfor the creep fed
data. These correlations were, however, not different behween the
1/2 and 3/4 Simmental data sets. The correlations would suggest that
the utilization of creep feeding by the 1/2 or 3/4 Simmental progeny
resulted in a slightly reduced correlation between the bi;th weight
and weaning weight of the progeny involved. This differenéé however
was not major enough to warrant extreme concern over this trend. The
review conducted by Petty and Cartwright (1966) showed that the
average correlation between ADG and weaning weight was approximately
.97 and for birth weight and weaning weight it was .39. |
The individual least squares means for weaning weight for each

sire are presented in the appendix table 6. The reports in tﬁe 1itéra—
ture also show sire to be a significant source of variation for
weaning weight, (Pahnish et al.,1961; Wilson et al., 1969; Kress and

Webb, 1972 and Nunn, 1974).
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The significant sire by sex interaction in each of the four
‘data sets was consistant with the reports by Wilson et al. (1969)

and Kress and Webb (1972). The least squares means for weaning weight

for each sire by sex subclass is presented in'appendix table 7. Kress

and Webb (1972) indicated that the particular sire by sex interaction
in their study was an important source of variation for weaning weight
due to the difference in the rankings of the particular sires for the
different sexes.

Estimates of the variancecﬁmponentsfor weaning weight and their
percent of the total variation for management unit, sire, the sire by
sex interaction and the residual variation are presented in table 13.

The management unit variance components across the four data sets

ranged from 48.0 to 53.9% of the total variation. The variances

associated with the different management practices would appear to be -

very important in the explanation of the total variation associated
with weaning weight under Médel I. The variance components for
management unit was also quite consistent across the four data sets.
As with birth weight, the management unit variances for ADG comstitute

a major portion of the variation explained by Model I.




" TABLE 13. ESTIMATES OF THE COMPONENTS OF VARTANCE AND PERCENT (%) EACH ARE OF THE TOTAL
VARTATION FOR WEANING WEIGHT (MODEL I)

Data set kn

Management

unit ks

Sire ksx

Sire x sex

Residual

Total

NCF 1/2 13.5

CF 1/2 15.5

NCF 3/4 13.9

CF 3/4 16.5

650.0 (51.9) 36.2
680.3 (53.9) 15.1
595.1 (53.4) 92.9

484.7 (48.0) 46.0

33.7 (2.7). 43.0

18.2 (1.4) 18.6
27.0 (2.4) 120,8

25.2 (2.5) 66.1

22.8 (1.8)
21.2 (1.7)
3.3 ( .3)

6.5 ( .6)

546.3 (43.6)
542.1 (43.0)
488.8 (43.9)

492.9 (48.8)

1252.8

1262.7

1114.2

1009.3

-T0T-
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' The percent variation explained by the sirg effecf‘were consider-
ably less than those for management unit. These percentages ranged
from 1.4 to 2.7% of the total. These sire variances were similar to
those reported by Cundiff EE.El: (1975) of 1.2% and Kennedy and
Henderson (1977) of 3% of their respective total variances.

The sire by sex interaction variances for the four data sets
(table 13) were small and ranged from .3 to 1.8% of the total variance. .
The sire by sex interaction variance components withiﬁ the 1/2 Simmental
data were similar in magnitude to thevcorresponding_sife variance
components. The sire by se# interéction variance components for
weaning weight in the 3/4 Simmentai data sets were essentially a
negligible portion (.3 and .67%) of the total variation. The sire by
sex interaction variances for weaning weight were the smallest of
the three sources of variation examined.

The residual variances across the four data sets accounted for
43.0 to 48.8% of the total variation. The residual variances and the
managemenf unit variances were similar in‘magnitude.

| The genetic correlations between ADG and weaning weight for
Model T were'between .97 and .99. These correlations were not unlike
the residual correlation bétween ADG and weaniné weight. The genetic
correlations between birth weight and weaning weight were‘betwéen .54
and .65 in the NCF 1/2, NCF 3/4 and CF 3/4 data sets, but were negative

(~.16) in the CF 1/2 data set.
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The genetic (rge) rank-order and product moment correlation coef-
ficients of the sire's progenys performance within the two sexes for
weaning weight are presented in table 14. Within the two 3/4 Simﬁental
data sets the genetic correlations were relatively large at .88%.10
and .77t.17. These correlation coefficients indicated that for weaning
weight there was no biologically important interacpion between thé
sire's progeny within the two sexes. The two genetic correlations for
the NCF 1/2 and CF 1/2 data sets (.49+.24 and .27+.52, respectively)
both indicated that there may have been significant changes in the |
rankings of the sire's progeny between the bulls and heifers for
weaning weight.

The variance components for the sire by sex interaction were also
larger in the two 1/2 Simmental data sets but did not indicate any
real strong biological value of this effect for weaning weight. The
percent variation for the two 3/4 Simmental data sets are essentially
zero and did agree with the genetic correlationms.

Examination of the nonparametric rank-order correlations suggested
several different interpretations of the sire by sex interaction for
weaning weight. The rank-order coefficients of correlation for the
CF 1/2 data set indicated that there was no changes in the rankings
of the sires in the male and female progeny for weaning weight, Within
the NCF 1/2, NCF 3/4 and CF 3/4 data sets the rank-order correlation

coefficients of .18, .29 and .23, respectively, suggested that some
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TALBE 14. GENETIC (rge) RANK~ORDER AND PRODUCT MOMENT CORRELATIONS
. OF THE SIRE'S PROGENYS PERFORMANCE WITHIN EACH SET FOR
WEANING EIGHT (MODEL I)

Correlation NCF 1/2 CF 1/2 NCF 3/4 CF 3/4
Genetic .49, 24 .27%.52 .88£.10 .77£.17
Rank-order .18 (.53)2 .42 (.76) .29 (.61) .23 (.56)

Product moment .16 (.52) 41 (.75) .37 (.66) .21 (.55)

aupper 95% confidence limit.

changing in the ranking of the sires was taking plaée‘bepween the
weaning weights of the male and female progeny. The product moment
correlations were in close agreement with fhe rank-order correlations.
The three correlations within the NCF 1/2 data agree with each other.
In the NCF 1/2 data they suggest that significant changes in ranking'
of the sires was present between the bull and heifer weaning ﬁeights
and in the ﬁCF 3/4 data the opposite trend was indicated. The rank-
order and product moment correlations did not agree with the genetic
‘correlations in the Cf 1/2 data set.

The heritability estimates for birth weight, preweaning average.
daily gain and weaning weighf for the four data sets are preseﬁted in
table 15. The heritability estimates of .23+.06 and .29%.03 for birth

weight within the two data sets for the 1/2 Simmental progeny and

.19+.05 in the CF 3/4 data set were smaller than the average reported

by Petty and Cartwright (1966) of .44. The estimate of .11*.08 for
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the NCF 3/4 data is smaller than the other three estimates and was
due to the small sire variance component within the data sét for this
trait (table 7).

The heritability estimates for preweaning average daily gain were
considerably smaller than those reported by-Petty and Cartwright (1966)
where .26 was the average of the beef cattlé studies they reviewed.
These estimatés were however, only slightly smaller than tﬁe estimates
of .10%.10 reportéd by Cundiff_gglgl. (1975) which were computed from

a within herd analysis.

TABLE 15. HERITABILITY ESTIMATES FOR BIRTH WEIGHT, PREWEANING AVERAGE
DAILY GAIN (ADG) AND WEANING WEIGHT (MODEL I)

) Data set :
Trait ' NCF 1/2 CF 1/2
Birth weight _ .23%.06 .29+.03
ADG .09%,04 .07%+.03
Weaning weight L11+.04 .06%.04

NCF 3/4 _ CF 3/4
Birth weight .11+,08 ' .19+.05
ADG ..08%,05 .09+.04
Weaning weight ) .10£.05 .10%,04

Heritability estimates for weaning weighﬁ were ,11*.04, ;061.04,
.10+.05 and .10£.04 for the NCF 1/2, CF 1/2,.NCF 2/4 and CF 3/4 data
‘'sets, respectively. These estimates were less than the average of
.31 reported by Nelsen (1976) and .28 reported-by Petty and Cartwright -

(1966) .
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Model II

Model II was designed to evaluate the effect of the éire by
management unit interacton on birth weight, preweaning average daily
gain and weaning weight. The interaction'was examined in two non-creep
fed sets of data comprised of 1/2 and 3/4 Simmental progeny. The
overall least squares means for birth weight, ADG and weaning weight
are presented in appendix table 15. These means were not drastically
different from those reported for Médel I within the corresponding two
déta sets. As under Model I the 1/2 Simmental calves were lighter at
birth, gained less per day and were lighter at weaning than the 3/4
Siﬁmental calves.

Birth Weight. The analyses of variances for birth weight (Model

II)-ére presented in table 16. All sources of vafiation had a
significant effect on-the birth weights of the two progeny groups
except the sex by age of dam interaction in both data sets and the
sire by management unit interaction in the 1/2 Simmental data set.
The least squares means fog the sex,-age of dam and the sex by
age of dam interactiqn effects for birth weight are pfesented in
appendix tables 16 and 18. The trends evidenced'by these meéné were

not different from those reported for these effects under Model I.
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TABLE 16. LEAST SQUARES ANALYSES OF VARIANCE FOR BIRTH WEILGHT
MODFEL 11 .
Data set
NCF 1/2 NCF 3/4
Source df M.52 df M.S.
Management
unit 24 148 ,3%% 84 186.2%*%
Sire bt 33.3b% 44, 60. 6%%
Management unit ,
by sire 23 15.7 253 25, 2%%
Sex 1 1020. 0% 1 1502, 4%%
Age of dam 3 124, 1%% 3. 350, 9%%
Sex by Age
of dam 3 4.9 3 24.9
Residual 969 18.8 2989 15.7

aMean square (kg?)

bTested with the management unit by sire interaction M.S.

* P<,05.
#*%p<,0L.
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The effect of sire on the birth weights of the 1/2 and 3/4

Simmental- calves under Model II was significaﬁt‘and the means for the

birth weights of the progeny from each sire are presented in appendix

table 19.

Estimates of the components of variance and the percent of the

total variance for management unit, sire, the sire by management unit

interaction and the residual variance are presented in table 17 for

Model II.

TABLE 17.  ESTIMATES OF THE COMPONENTS OF VARIANCE AND THE PERCENT (%)
EACH IS OF THE TOTAL VARIANCE FOR BIRTH WEIGHT (MODEL II)

. Data set o
Source k NCF 1/2 k NCF 3/4
Management

unit 7.6 11.03 (34.7) 12f3 4,95 (20.5)
Sire 14.3 1.93 ( 6.1) 47.6 .93 (-3.9)
Management unit

by sire 4.3 -.74 ( 0.0) 6.0 1.58 ( 6.6)

Residual

Total

18.84 (59.2) 16.66 (69.1)

31.80

24,12
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The management unit component of variance for birth weight was 15%
larger in the 1/2 Simmental data than in the 3/4 Simmental data
35 vs. 20%, respectively). This source of variation appeared to be
of major importance in the éxplanation,of the total. variance associ-
.ated wiFh Model 1IT.

The sire vériance associafed with birth weight under Modél 1I
explained 6.1 and 3.97 of the total variation in the 1/2 and 3/4
Simmental data sets, respectively. These variances were slightly
larger than those reported by Cundiff et al. (1966) of 2.4% of the
total variation.

The sire by management unit interaction component of variance for
birth weighg in the 1/2 Simmehtal data was less than zero. Theoret-
ically, a component of variance cannot be negative and is therefore
assumed to be negligible and thus accounts for none of the variation
in the model. The sire by management unit interaction explained
6.6% of the total variation in the 3/4 Simmental data set.

The residual variances were the largest of the variances examined
under Model II at 59.2 and 69.1% of the total for thé 1/2 and 3/4
Simmental progeny groups, respectively.

The genetic cofrelationé of the sire's progeny performance in
the different management units are presented in tablg 18, The
genetic corre1a£ion for the 1/2 Simmental data is not availéble due to

the small but negative sire by management unit interaction variance
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component. The genetic correlation (rge) of .37%.36 for the birth
weights of the 3/4 Simmental data set would indicate that the sire
rankings for birth weight within each man;gement unit is not the same
across management units. The small genetic correlation would indicate.
that the significantisire by management unit interaction may be of real
biological value and important in the evaluation of different sires

for birth weight within different management units.

TABLE 18. GENETIC CORRELATIONS (r,,) OF THE SIRES' PROGENYS
PERFORMANCE WITHIN THE DIFFERENT MANAGEMENT UNITS FOR
EACH TRAIT (MODEL II) .

: Data éet
NCF 1/2 NCF 3/4
Birth wt | ——-a 37£.36
Average daily gain = .53+,50
‘ Weaning.Wt ' . - .53%.54

aNot calculated due to negative management unit by sire interaction
variance component.

Average Daily Gain. The‘analfses of variance for preweaning
averagé daily gain under Model II are presented in table 19. All
sources of variation included in the model were significant except
the sire and the sire by managemené unit interaction‘effeéts in the

1/2 Simmental data set.
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TABLE 19. LEAST SQUARES ANALYSES OF VARIANCE FOR PREWEANING AVERAGE

DATLY GAIN (MODEL II)

Data set
NCF 1/2 NCF 3/4

Source df M.Ss.2 df M.S.
Management

unit 24 L401%% 84 .353%%
Sires bé .026P bt L0573
Management unit

by sire 23 014 - 253 L017%%
Sex 1 .879%% 1 L211%%
Age of dam 3 .083%% 3 L727%%
Sex by Age

of dam 3 . 060%* 3 . Obh®%
Residual 969 .014 2989 .012

& Mean square

(kg?).

-b Tested with the management unit by sire interaction M.S.

*%P<, 0L.
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The. least squares means for ADG for the effect of sex, age of
dam and the sex by age of dam interaction are presented in appendix.
table 20 to 22. The means were ﬁot different from those'reported in
the Model I analyses.

The residual correlation between birth weight énd ADG in appendix
table 23 indicated that as an individuals birth Weiéht incrgaéed so
did its ADG. This was noted in both the 1/2 and 3/4 Simmental data
sets. The correlation and slightly larger in the 1/2 Simmentallda;aﬂ
(.23) than in the 3/4 Simmental data (.13), The genetic (rg) corre-
lations between birth weight and average daily gain in the 1/2 and
3/4 Simmental progeny groups were .55 and .33, respec;ively,

The least squares means for average éaily gain for each sire
under Model II ére presented in appendix table 19.

Estimates of the variance components and tﬁeir‘ﬁercent of the
total variation for management unit, sire, tﬂe sire by manégement unit

. s/ ’
interaction and the residual variances are presented in table 20,

The.variance components for management unit under Model II
explained 68.7% of the total variation in ADG in the 1/2 Simmegtai
data sets and 44.9% of the total variation in the 3/4 Simmental data
set. The management unit source of variation within the two data sets,
as in Model I, would apbear to explain a large portion of the Varianée

éssociéted.with the preweaning average daily gain of the progeny.
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TABLE 20. ESTIMATES OF THE COMPONENTS OF VARTANCE AND THE PERCENT (%)
EACH IS OF THE TOTAL VARIANCE FOR PREWEANING AVERAGE DAILY
GAIN (MODEL II)

) Data set

Source k NCF 1/2 k NCF 3/4
Management

unit 7.6 .0330 (68.7) . 12.3 .0109 (44.9)
iSire 17.3 .0008 ( 1.7) 47.6  .0009 ( 3.7)
Sire by Management

unit ' 4.3 -.0001 ( 0.0) 6.0 .0008 ( 3.3)
Residual ' L0142 (29.6) L0117 (48.1)
Total .0480 . 0243

The estimate of the sire component of variance for ADG was much
smaller- than the management unit componeﬁt and was smaller in the
1/2 Simmental data than in the 3/4 Simmental data (1.7 vé.-3.7%,
respectively). The small sire variance for the 1/2 Simmental data set
was in support of the nonsignificant effect of sire in the‘analyses
of variance, (table 19). It should be noted that the absolute magni-
‘tude of the sire variance component for both data sets was approximately
the same. |

The sire by management unit interaction component.for ADG as with
birth weigh£ was negative in the 1/2 Simmental data. It was assumed
to contribute nothing to the total variation in the model. The sire

by management unit interaction variance component in the 3/4 Simmental
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data set explained 3.3% of the total variation in Model II and was
similar in magnitude to the sire componenht. It is pbssible to assume
that the sire by management unit interaction may‘be éf biological
importance in the variation of ADG.

The residual variances for ADG in Model II explained 29;6 and
48.12\of the total variances of.the 1/2 and 3/4 Simmental data,
respectively.

The genetic (rge) correlation of the sire's progenys performance
in the different management units (table 18) were not calculated for
the 1/2 Simmental data dug to the negative component of wvariance
associated with the sire by management unit interaction. This
correlation ﬁas .53%,50 for the 3/4 Simmental data. The cor;elation

agrees with the significant interaction in the analyses of variance

and the magnitude of the variance component associated with this effect.

Weaning Weight. The analyses of variance for weaning weight for
the 1/2 énd 3/4 Simmental data sets are presented in table 21. All
sources of variation were significant for weaning weight gxéept the
sire by management unit interaction effect in the 1/2 Simmental‘dafa
set.

" The least squares means for sex, age of dam and the sex by age of
dam interaction are presented in appendix table 24 to 26. The means
and trends evidenced for these effects were the same as those outlined

for Model I. The residual correlations of birth weight with Weaning
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TABLE 21. TLEAST SQUARES ANALYSES OF VARIANCE FOR WEANING WEIGHT
(MODEL IT)
Data set
NCF 1/2 NCF 3/4

Source df M.S.2 df M.S.
Management :

unit 24 10973.0%* 84 15688 ,3%% -
Sire 4t 1241.9b% A 2646 . L%%
Management unit

by sire 23 608.6 253 762,3%%
Sex 1 50301.4%%* 1 69553, 3%%
Age of dam 3 4898, 4% 3 37159, 6%%*
Sex by Age

of dam 3 2693.8%% 3 2076,.5%%
Residual’ 969 661.9 2989

528.3

-8 Mean square
b Tested with the management unit by sire interaction M.S.

* P<,05.
*%P<,01.

(kg?).
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weight were approximately .30 and .39 and between ADG and weaning
weight they were .99 in both data sets. The correlations indicate
that there were positive and significant gelationships between fhe
growth traits.

The least sqﬁares means for the weaning weights of the progeny
for each sire are presented in appendix table 19. The sire by manage-
ment unit interaction was not significant in the 1/2 Simméntal data
set but was significant in thé 3/4 Simmental data set which was the
case for both birth weight and ADG as well.

Estimates of the components of variance and the percent each was
the total for the management unit, sire, phe sire by management unit
interaction and residual are presented in table 22. The management
unit variance component explained 69.1 and 44.17% of the total variance
for weaning weight in the 1/2 and 3/4 Simmental data, respectively,
under Model II. The sire component accounted for 1.8 and 4.0% of the
variation for weaning weight in the 1/2 and 3/4 Simmental data,
respectively (table 22).

As with the birth weight and ADG traits, the sire by management
unit interaction variance component was negative in the 1/2 Simmental
data. The sire by management unit interaction explained 3.6% of the
total variance for weaning weight in the 3/4 Simmental data set and

was almost as large as the sire variance component.
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TABLE 22. ESTIMATES OF THE COMPONENTS OF VARTANCE AND THE PERCENT
EACH ARE OF THE TOTAL VARIANCE FOR WEANING WEIGHT

(MODEL IT)
Data set

Source k NCF 1/2 k NCF 3/4
Management .

unit 7.6 1568.9 (69.1) 12.3  482.1 (44.1)
Sire 14.3 40.5 ( 1.8) 47.6 44.1 ( 4.0)
Sire by Management .

unit -12.4 ( 0.0) 6.0 38.9 ( 3.6)
Residual ' 661.9 (29,1) 528.3 (48.3)
Total 2271.3 1093.4

The residual variances for weaning weight explained 29.1 and 48.3%
of the total variance for the 1/2 and 3/4 Simmental data sets,
respectively. ,

The genetic correlations of the sire's progenys performance in
the different management units for weaning weight are presentéd in
table 18. The genetic correlation for the 1/2 Simmental daté is
not available due to the negative sire by manaéement unit interaction
variance.component. The estimate of .53%*.54 for weaning weight in
the 3/4 Simmentgl data would indicate that the sire rankings for the

weaning weights of the sire's progeny were not the same in the

different management units.
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The heritability estimates for birth weight, average déily gainA
and weaning weight for the two data sets are presented in table 23.
The heritability estimates for birth weight within the two data sets
were .24+.08 and .15*.05 and similar to the estimates obtained from
Model I. The heritability estimates for ADG were'.07i.08 and .15%.06
and for weaning weight they were .07+.08 and 16%.06 for the 1/2 and
3/4 Simmental progeny groups, respectively. The lower heritability
estimates for the 1/2 Simmental data were siﬁilar to those in Modél I.
The estimates for the 3/4 Simmental data were larger in Model II than

in Model I.

TABLE 23. HERITABILITY ESTIMATES FOR BIRTH WEIGHT, PREWEANING AVERAGE
DAILY GAIN (ADG) AND WEANING WEIGHT (MODEL IT)

, Data set
Trait NCF 1/2 NCF 3/4
Birth wt .24%,08 .15+.05
Average daily gain .07+.08 .15+.06
Weaning wt .07+.08 | .16%.06

The genetic correlation (rg) between birth weight and weaning
weight was .66 and .45 in the 1/2 and 3/4 Simmental data, respectively.
The genetic correlations between ADG and weaning weight were both .99

" in Model II (table 23).
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Discussion

Examination of the absolute values for the management unit
variance components across data sets in the present study indic;ted
that the management unit variances for the creep fed 3/4 Simmental
progeny may have been slightly smaller than the management unit
variances for the non-creep fed 3/4 and 1/2 Simmental progeny. It
seems unlikely that the practice of subsequent creep feeding or not
creep feeding of the progeny would have an effect on the variance
coﬁponents for management unit for the birth weight of those progeny.
It is, however, possible to theorize that a particular management tech-
nique such as creep feeding, a more ambitious management technique,
may be associatéed with other managemen£ practices which may in them-
selves be on a more intensified basis. The management units involved
with creep feeding may therefore be more uniform in nature across the
populations involved. If the management units which utilize creep
feeding and other positive management techniques are'producing progeny
more uniform in terms of the performance traits being examined then
the variation in the performance of the progeny could be reduced, This
could have resulted in the lower management unit variance components
for the créep fed 3/4 Simmental data set.

The lack of a sufficient decrease in the variance component for
. management unit for the creep fed 1/2 Simmental data set based on the

above mentioned theory would indicate that other factors also play
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a role in the responses of the progeny acfoss various management
techniques. The primary difference between the 1/2 and 3/4 Simmental
progeny is the breeding of the dam. The 1/2 Simmental calves are
all from dams with non Simmental backgrounds while the 3/4 Simmental
calves are from dams which are 1/2 Simmental themselves. The generai
genotypic background of the calves or the lack of a common genetic

background as in the 1/2 Simmental calves may result in increased vari-

ation associated with the management units in the two]jé Simmental data -

sets when compared to the two 3/4 Simmental data sets.

An increased heterotic advantage in the two 1/2 Simmental data
sets may résult in more diversifiei reéponses and thus the larger
absolute measure of variation associated with management unit in the
1/2 Simmental data. This trend was especially noted in Model II where
the management unit variénce compbﬁents were considerably smaller for
the 3/4>Simmenta1 data than the 1/2 Simmental data.

The relative magnitqdes of the sire variance components for the '
birth weight of the calves suggested that the variation associated with
the sires ﬁay have been larger in the 1/2 Simmental calves than in thé
3/4 Simmental calves. Tﬁis difference may héve been due to the
differences in the background of the calves (non Simmenéal vs, 1/2
Simmental dams) or to the differences in the types of sirés used in

the data sets. The 1/2 Simmental data sets contain many of the original
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foundation cows and the sires used were bred at random without regard
to any previous knowledge about tﬁe sire. The 3/4 data sets contain

the progeny from subsequent breedings and the sires used had some data

v

available in the form of sire summaries and therefore may not have .
been bred at random.

The sire‘variances in relation to those for birth weight’would
suggest that there is less variation between sires during the post-
nata; groﬁth'period. The management unit variances are also larger
forlthe postnatal growth traitsand may indicate that the postnatal

development of the calf was more influenced by the environment than

_the genotype during the prenatal development. The possibility of

selected matings being practiced in the 1/2 Simmental data in more
recent years such as grouping of dams by size for certain sire groups
may have had an influence'on the overall variation in birth weight but
may not have been as evident in the subsequent growth. If small dams
were mated to sifés with less calving difficulty or smaller birth |
weights in certain instances there may be some changes in the variation
exhibited across the data sets. The postnatal growth may then be

less variable and more uniform across sires regardless of .type of dam.
The smaller sire variances for birth weight in the 3/4 Simmental data
compared to the 1/2 Simmental data may have been a result of the birth
weights being less variable in part due to the overall maximization

of the birth weights of the calves in the 3/4 Simmental data since they
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are all from 1/2 Simmental dams and presumably of more uniform size
and type. The influences of heterosis discuSséd earlier may also
play a role in the assessment of the differences in the variation of
the birth weighté of the 1/2 and 3/4 Simmental calves.

The variation of the‘genbtype of enviromment interaction of sire
bj sex shows two distinct trends in the performance traits examiﬁed.
Tbe 1/2 Simmental data sets exhibit a marked increase in the amount
of variation explained by the interaction for all threé traits over
the 3/4 Simmental data. The variation associated with the interaction
in the 3/4 Simmental data sets is almqs; zero and therefore could be
considered to be of little or no importance in the assessment of the
performance traits in these data sets. The genetic cofrelations and

-rank—order correlations generally indicate tﬁat the significant inter-
action of sire by sex may be of biological impor£ance, These coéffi—
cients were less thanunifyanq suggested that there were changes in
thé rankings of the sires for the different sexes in fhe production
traits examined.

Within the 1/2 Simmental data there may need to be a mdre/de—
tailed examination of the performance of the progeny based oﬁ the
magnitude of the‘interaétion variance components and genétic corre-
lations. .The performance of an individual as measured by the pre-

weaning traits appears to be influenced by not only the traditional

effects of genotype (sire) and environmment (sex) but also the
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interaction of the genotype by environment (sire by sex). The
possibility of an important genotype by environment interaction of
this type could be valuable in the utilization of the genotype (sires)
and'may require some changes in the present progeny testing programs
as well, The present method of performance testing sires with the
progeny he produced is generally done on the steer progeny in feed
trials or some similar manner. If the sire‘by sex interaction was
important then the need for evaluation of both sexes would be
important. It would seem possible that the sire by sex interaction
may play an important role in the future of the beef cattle industry.

The magnitude of the variance components for the genotype by
environment interaction of sire by management unit in Model II
suggests that'in the 3/4 Simmental data it is an important source of
variation for birth weight and preweaning growth. It would appear
that the future evaluation of the performance of .the progeny across
different management units may require the examination of the inter-
action of sire with management unit. The classification of environ-
ments in terms of management unit in the present study lacks the
precision and distinctness one might expect to utilize in a control;ed
experiment. ‘The peculiarities- of the individual management units
in terms of management technique and external environmental influences

are not known in this particular study. The major classification of
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creep Or nO creep feeding may be iﬁ question as well, It was'not
known exactly what type, how much, when administered or length of
administration of the creep feeding were met by the individual
management units designated as being creep fed in the data base.

A conclusion that the sire by management unit interaction is of
major importance could be misleading due to some unanswered apd
uninvestigated cifcumstances which may be presenf in the data. One
such consideration is the possible effect of regiomal differences in
the data. The data does contain progeny from herds located throughout
the United States.. The availability of semen for a particulér sire
may also dictate the type of herd in which he was utilized. These and
other situations may play a role in the evaluation of the genotype by
environment interactiomns such as sire by management unit as they
may have an important influence on the variances associated with the

interactions.

i




I

P

[0 ) 1l LiLM

SUMMARY

Field records supplied by the American Simmental Association
from the 1976 sire evaluation program were used in this study. The
data represented approximately 350?000‘progeny.from more thgn 700
purebréd Simmental sires used in herds located throughout the United
States. The data were edited for records without actual bifth weight,
weaning weight, birth date of the dam or with age at weaning outside

_the range of i60_to 250 days of age. dnly,l/Z and 3/4 Siﬁmental calves
were retaiﬁed. Steef'data was removed due to a lack of adequate
numbers. Management uﬁit was designated as weaning weight data Qithin
breeder number and accounted fér herd, year and seasonlof birth in
.the analyses.

The data were then subdivided into four data sets. Tﬁe four data
sets were creep fed 1/2 and /34 Simmental (CF 1/2 and CF 3/4, respec-
tively).

The four data sets were analyzed sgparateiy using.mixed ﬁo&ellieast
squares aﬁalyses of variance procedures outliﬁed by ﬁarvey (1572), and
contained 1,885, 4,033, 4.106 and 8,612 progeny form 44, 46; 45 ‘and
45 sifes.for the CF 1/2, CF 3/4, NCF 1/2 and‘NCE 3/4 data, fespectivelf;

Two-models were used to analyze the effects of énvironmenfal and
genetic sources:of variation and interactions'associated with the
depeﬁdent'variables Birth weight, preweaning average daily gain (ADG)

~and Weaniﬁg weight. Model I was used to evaluate the effect of the
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sire by sex interaction within the four data sets. Model II was used
to evaluate the sire by management unit interaction in the non-creep
fed data sets.

Variance components for the random management unit effect and the.
sire and sire by sex and siré by management unit interactions were
calculated from the analyses. Genetic correlations of the sire's
progenys performance within each sex or management.unit were also
calculated. Heritabilities were calculated from Models I and II
using the paternal half-sib procedure.

Under Model I, all sources of variation were significant for
birth weight ADG and weaning weight except the sex by dge of dam
interaction. Only ADG and weaning weight in the NCF 3/4 and CF 3/4
were significantly affected by the sex by age of dam interaction.
With Model II all sources 6f variation were significant except sex
by age of dam for birth weilght and the management unit by sire inter-
actions in the NCF 1/2 data set.

The percentage of the total variation accounted for by manage-
ment unit components of variance for the four populations from Model I
ranged from 19.5% to 28.7% for birth weight and 48% to 519% for
weaning weight. The differences in management unite, i.e., location,
climate, management techniques, etc., constitute an imporfanf source
of-variation affecting the performance of the progeny involved.

Management unit variances for ADG and weaning weight were about twice




_—

) PSR ) Widot N L] LU

U /2|

~-127-
as iﬁportant as those for birth weight. This increase in the
relative variances was probably a result of more diversified post-
natal management practices within the management units involved.

Siré components of variance ranged from 1.4 to 7.2%.of the total
Qariation.‘ Across poﬁulations the sire components for the 3/4
Simmental data for birth weight were about half as large és the 1/2
Simmental data. For ADG and weaning weight there was less variability
among populations than for birth weight. The percentages of variation
associated_with sire for ADG and weaﬁing weight ranged froﬁ 1.4 to 2.7%
of the total. The trend exhibited between the 1/2 and 3/4 Simmental

populations reported for birth weight was not present in the ADG and

weaning weight traits. The CF 1/2 Simmental population had the sﬁall— )

est single percent at approximately 1.5% which was opposite to the
birth weight trait where it wés the largest single percent a§.7.2% of
the total. The sire components of variance for birth weight would
appear to be of some importance. Trends for larger variances associ-
ated with the 1/2 Simmental data may have been indicative of an in-
creased response in birth weight due to the effects of heterosis.

It was not determined whether or not this difference in sire varignces
for percentage of Simmental in thg_populations was and indication of a
genotype—environment interaction of sure by percent Simmental or due
to simpling;‘

Although a significant source of variation, the sirée by sex.




-

[

Lol I ) R . LE (I

LN LA O

~-128-
variance components for birth weight, ADG and weaning weight were
smaller than those for sire. The sire by sex components were betwéen
.4-and 1.5% of the totél for birth weight and between .3 and 1.4%
oflthe total for ADG and Weaping weight, The differences between
the 1/2 and 3/4 Simmental may indicate a genotype by environment
interaction‘of the sire by sex effect across the two differen; pér—
centages of Simmental breeding in the progeny groups analyzed.

‘The genetic correlations for birth weight ﬁere consitently large
(>.75) except in the creep fed 1/2 data indicating that no changes in
rank were occurring between the birth weights of the male and female
progeny of the sires analyzed. The lower correlation (.51%.22) in
the creep fed 1/2 data may indicate some changes in rank for the sires
in this data set. The correlations»for weaning weight and ADG indi-
cated- that thé 1/2 Simmental progeny may contain significant changes
in sire rankings betﬁeen the sexes (correlatidns >.50) Qhereas the
3/4 Simmental data sets did not exhibit this t;end (correiations >.75).

The heritaﬁility estimates for birth weight were .23, .29, .1l an&
.19; for ADG they were .09, .07, .08 and .09; and for weaning weight
they were .11, .06, .10 and .10 for NCF 1/2, CF ;/2, NCF 3/4 and
CF 3/4; respectively, The heritability estimates fof.the traits
analyzed were somewhat lower than those generally reported,

'The management unit components of variance froﬁ Model II for

birth weight were 15% larger in the 1/2 Simmental data than in the
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3/4 Simmental data (35 vs. 20%). The sire component of variance was
also larger in the 1/2 Simmental data (6 vs. 4%) and the management
unit by sire interaction variance component was négative in the 1/2
Simmental population and was 7% of the total for the 3/4 Simmental
population. Management unit variance components fqr weaning weight
were 697 and 44% for the 1/2 and 3/4 data, respectively. Sire
components of variance for weaning and ADG were a small percent of
the total variance examined in the two populations, however, this
component was larger in the 3/4 Simmental population than in the 1/2
Simmental population (4 vs. 2%, respectively). The management unit
by sire interaction.component for ADG and weaning weight was negative
for the 1/2 Simmental data and approximately 4% of the total in the
3/4 Simmental data. The difference in the size of the management
unit variances between the 1/2 and 3/4 Simmental data sets under Model
- 11 may have been due to the effects of'the heterosis mentioned earlier.

The genetic correlations of the 1/2 Simmental populatiénS‘were
not estimated due to the small but negative éstimate of the sire by.
management unit variance component. The relatively low correlations
in the three traits within the 3/4 Simmental population indicated that
the rankings of the sires within the differeﬁt management units ﬁas

not the same across the different managemént units.,
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The heritability estimates from Model II for birtﬁ weight were
similar between the 1/2 and 3/4 Simmental data sets at .14 and :16,
respectively./ The heritability estimates for weaning weight and ADG
were lower in the 1/2 Simmental data than in the 3/4 Simmental data,-

.06, .15 and .07, .16, respectively, As with Model I these heritabil-

ity estimates were lower than those generally reported,
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NUMBER OF PROGENY PER SIRE (ny) AND THE NUMBER OF

MANAGEMENT UNITS IN WHICH EACH SIRE (nj) WAS USED .
FOR EACH DATA SET

Model 1
NCF 1/2 CF 1/2 NCF 3/4 CF 3/4
Sire code ng- ny ng no ny ny ny n,

1% 100 19 301 23 131 35 228 37

2% 161 30 209 20

3% 76 8 17 4 148 31 53 8
4% 61 19 100 13 147 32 163 21

5% 20 5

6% 42 6 52 9

7% 57 10 21 7 50 7 32 1

8% 35 12 24 4

9% 29 6 40 7 . 211 37 124 15°
10* 292 45 89 14 571 115 376 51
11%* 347 57 71 19 726 120 209 42
12% 165 24 137 17 781 136 236 46
13% 39 9 11 3 31 5
14% 18 6 288 44 31 9
15% 14 4 37 2
16% 8 2 54 8
17% 20 5 94 25

18% 206 26 47 8 658 110 213 32
19% 511 18 89 13 527 86 345 34
20% 57 12 144 34 49 7
21% 48 12 25 5 203 42 48 12
22 32 7

24% 49 7 73 15

25% 217 34 37 3 147 28 75 . 16
26% 43 11 139 28 45 7
27%* 165 25 26 4 390 77 165 27
28% 44 15 7 3 111 25 50 9
29% ’ 58 9 ‘
30% 54 14
31*% 5 2

32% 31 8 23 7
33% 63 10 12 4 194 37 74 11
34% 75 12 28 8
35% 86 7 303 37 62 14
36% 79 11.

37% 21 3




APPENDIX TABLE 1 (CONTINUED)

~146-

Model 1
NCF 1/2 CF 1/2 NCF 3/4 CF 3/4
Sire code o ny nj ny Ral no oy ny
38% 45 6 14 2
39% 83 7 17 4 197 " 30 64 7
40* 74 14 28 6 230 50 54 11
41% 40 4 167 23 139 10.
42% 53 11 64 14 41 4
43% 11 3 - . '
VA ' 108 6
45% 40 3 29 5
Le* 27 A
47% 41 10 12 3 98 21 80 12
48% 158 35 111 11 413 69 120 21
49% 59 1
50% 23 3 148 11
51% 77 7 80 11
52 13 2
53 27. 4
54% 18 3 243 33 163 14
55% 97 9 56 3 51 12
56% 107 11 28 2 47 12 9 3
57 38 5
58 35 4
62% 32 8
63 13 1
65 38 6
66% ' 54 12
67% 48 9
. 68 : 26 4
70%. 73 14 8 2
C72% 52 6 56 15
74 9 1
75 16 2 80 7
76 26 4
78 16 - 2 ‘
79 20 4 _
80% - 55 12
81 43 4
82 13 1
84 42 2
86 22 2
87 17 1 :
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Model 1 ) )
NCF 1/2 CF 1/2 NCF 3/4 CF 3/4
Sire code ng n9 ng ng ny - ny ny ny
88 . 57 6 .
89 , 30 2
91% _ _ L 24 6
93 16 2 )
94 , 73 5
96 : 42 6
98 _ 33 4
99 : 48 2
Model 'IT
NCF 1/2 - NCF 3/4
nj ny nj ny
1* B 13 1 54 14 -
2% . 23 5 .
3% 9 2 . 69 8
A . 70 12
6% ' 14 1 20 2
7% 20 2 27 8
9% 10 2 96 12
10% 14 3 169 25
11% . : 60 6 276 28
12% 55 4 326 31
14% 56 10
16% 16 1 ‘ :
17% 32 5
18% . , 38 4 : 216 21
19% . 18 3 281 27
20% ' 11 2 43 .7
21% 38 4 72 14
23% : 7 1
24% 27 7
25% 18 3 54 6
26% 50 3 40 9
27% _ . 28 7 . 142 12
30% 13 1 24 .6
32% ' ‘ 49 7
33% 31 1 63 13

34% 39 4
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APPENDIX TABLE 1. (CONTINUED) _
Model II
NCF 1/2 ‘ NCF 3/4
Sire code nj .n2 nj ny
35% 30 1 140 9
36% 21 3
38% 30 2
39% 32 1 75 4
C40* 17 1 76 8
41% 36 - 4
4% 17 1
Lk 7 1 -
45% 8 1 .
47% 45 6
48% 21 4 142 19
49% 59 1 '
54% 12 1 123 9
55% 19 2
'56% 31 3 h
58 28 1
" 59 10 1
60% 13 1
61% 14 2
62% 10 1
64 7 1
65 17 1 :
66% 49 6
69% 22 T 1 C ‘
70% 102 2 115 6.
71% 11 2
72% 19 1
73% 29 2
75 18 1
77 20 2
83 18 3
85 9 2
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APPENDIX TABLE 1. (CONTINUED)

Model II
NCF 1/2 NCF 3/4

Sire code : ng no ng ny

88 44 2

90 21 3
© 92 19 1

95 23 2

97 40 4

99 29 1
100 28 1
101 34 1
102 25 2

* Denotes designated reference sires.




s

LILn

APPENDIX TABLE 2.

-150-
LEAST SQUARES MEANS AND S.

E. FOR BIRTH WEIGHT (kg),

PREWEANING AVERAGE DAILY GAIN (kg/day) AND WEANING

WEIGHT (kg) (MODEL I)

Birth Average Weaning
Data set n weight daily gain weight
NCF 1/2 4106 °36.9%.9 .84%.04 208.6% 8.9.
CF 1/2 1885 36.6%.9 .81+.06 202.3+11.8
NCF 3/4 8612 38.5%.4 .95+.02 | 232.7% 3.9
4033 38.7+.5 .96%.02 235.5% 5.1

CF 3/4

APPENDIX TABLE 3.

LEAST SQUARES MEANS AND S.

E. FOR BIRTH WEIGHT .(kg)

FOR' THE BULL AND HEIFER PROGENY (MODEL I)

Sex
Data set Bull heifer
NCF 1/é 38.5+ .9 (867) 35.3% .9 (3239)
CF 1/2 37.511;0 (280) 35.3x1.0 (1605)
NC§A3/4 40.1% .4 (2541) 36.8+ .4 (6071)
CF 3/4 37.3% .5 (2674)

40.1% .5 (1359)

-




* APPENDIX TABLE 4. ©LEAST SQUARES MEANS AND S.E. FOR BIRTH WEIGHT (kg) FOR EACH AGE OF DAM

(MOPEL ;) ] ]
_Age of dam (years) 7
Data set 2 3 , 4 5 or older _
NCF 1/2 36.4%1.0 (300) 36.2%+ .9 (686) 37.5¢ .9 l(716) 37.6% .9 (24045
CF 1/2 34.6%1.1 37.5+1.0 (402)' 37.0#1.0 (289) 37.3x1.0 (1111)
NCF 3/4 36.6% .4 (4671) 38.3% .4 7(2449) 39.3% .4 (1202) 39.8+ .5 (290)
36.3% .5 (2124) 38.4% .4 (1288) 40.0%* .5 (495)

CF 3/4

40.1x .6 (126)

-TG6T~
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APPENDIX TABLE 5. LEAST SQUARES MEANS AND S.E. FOR BIRTH WEIGHT (kg) FOR EACH SEX IN
~ EACH AGE OF DAM (MODEL I)
_ Age of dam (years)

Data set 2 3 4 5 or older
NCF 1/2 Males .37.811.2 (445 37.7+1.0 (131) 39.2%1. .(175) 39.4%x .9 (517)
NCF 1/2 Females 34.91 .9  (256) 34.8+ .9 (555) 35.8% . (541) 35.9%t .9 (1887)
CF 1/2 Males 37.4%1.6 (1) 39.4*1.2 (30) 38.2#1. (51) 38.3+x1.0 (188)
CF 172 Femalés 33.711.0 (72) -35.5%1.0 (372). 35.8%1. (238) 36.4¥1.0 (932)
NCF 3/4 Males 38.1% .4 (1324) 40.0% .4 (764) '40.8% (373) ~ 41.6x .7  (80)
NCF 3/4 TFemales 35.0% .4 (3347) 36.6+ .4 (1685) 37.8% (829) 38.0t .5 (210)
CF 3/4 Males  37.4t .6 (689)  39.8% .6 (455) &41.5%t .6 (169) 41.6% .8  (46)
CF 3/4 Eemales 35.3% .5 (1435) 36.9+ .6 (833) 38.5% (326) 38.5% .7 (80)

-ZST-
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APPENDIX TABLE 6.
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LEAST SQUARES MEANS AND S.E. FOR BIRTH WEIGHT (kg).

(BRWT), PREWEANING AVERAGE DAILY GAIN (kg/day) (ADG)

AND WEANING WEIGHT (kg) (WNWT) FOR EACH SIRE
(MODEL IT)

NCF 1/2
Sire BRWT ADG WNWT
code n .Mean - SE Mean SE Mean SE
1 100 36.4 1.1 .87 .05 . 214.9 9.8
2 161 37.1 1.0 .83 .04 206.5 9.4
3 76 36.3 1.0 .82 .04 205.6 9.6
4 61 35.7 1.3 .87 .05 213.8 10.9
6 42 37.9 1.1 .89 .65 221.2 10.1
7 57 37.6 1.3 .85 .05 211.9 - 10.8
8 35 35.5 1.3 .81 .05  202.6 11.0
9 29 35.7 1.3 .82 .05 203.6 10.7
10 292 36.4 .9 .85 .04 211.0 9,1
11 347 35.5 .9 .82 .04 ~ 203.5 9.1
12 165 37.3 .9 .83 .04 207.5 9.2
13 39 38.2 1.8 .82 .06 ~ 204.0 13.4
17 20 39.9 2.1 .97 .07 239.7 15.2
18 206 38.5 .9 .87 .04 216.6 9.2
19 511 . 37.7 1.1 .87 .05~ 215.9 10.0
20 57 - 36.5 1.1 .88 .05 . 216.5 9.7
21 48 38.3 1.1 .86 .06 214.8 10.1
22 32 37.3 1.3 .86 .05 213.0 10.9
24 49 35.9 1.2 .86 .05 193.3 10.5
25 217 26.5 .9 .77 .04 203.4 . 9.3
26 43 39.2 2.1 .81 .07 216.7 15.3
27 165 - 35.6 .9 .86 .04 210.2 - 7.2
28 4t 36.1 1.2 .78 .05 197.6 10.3
32 31 37.1 2.3 .73 .08 185.8 16.5
33 63 38.4 1.1 .83 .05 207.7 9.8
35 86 37.7 1.1 .83 .05 207.1 9.8
37 21 37.7 1.5 .79 .05 200.3 11.9
38 45 35.6 1.1 .81 .05 .201.8 9.9
39 83 33.6 1.1 .77 .05 190.8 9.8
40 74 38.6 1.1 .80 .05 202.9 9.8
41, 40 35.2 1.3 .81 .05 ° 201.1 11.0
42 53 35.2 1.3 .78 .05 194.3.  10.7
45 40 36.2 1.1 .91 .05 223.6 10.0
47 41 39.0 1.1 .82 .05  215.4 9.8
48 158 35.0 1.0 .84 .04 208.5 9.5
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APPENDIX TABLE 6. (CONTINUED)

NCF 1/2

Sire BRWT ADG WNWT

Code n Mean SE Mean SE Mean SE
49 59 36.7 1.1 .77 .05 194.2 10.1 °
55 97 35.2 1.1 .83 .05 205.1 9.9
56 107 37.8 1.0 .83 .05 208.0 9.7
57 38 39.2 1.5 .96 .06 236,1 12.0
58 35 37.5 1.4 .83 .05 207.,1 11.0
62 32 35.3 1.2 .88 .05 216.3 10.3
65 38 37.2 1.4 .89 .05 219.3 11.3
70 73 9 35.2 1.1 .78 .05 196.1 9.9
71 44 41.1 1.4 .81 .05 206.5 11.1
72 52 36.3 1.1 .88 .05 216.7 9.9

L S
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APPENDIX TABLE 6. (CONTINUED)
NCF 3/4
Sire BRWT . WNWT
Code ‘ n Mean SE Mean . SE Mean SE
1 © 131 38.8 .6 .94 .02 - 232.8 4.5
3 148 39.4 .6 .96 .02 236.6 4.5
4 - 147 36.9 .6 .91 .02 224.9 4,5
6 52 39.8 .7 .92 .03 229.1 5.9
7 50 37.7 .9 .88 .03 218.5 5.9
9 211 38.5 .6 .90 .02 224.8 4.5
10 571 -38.6 .5 .95 .02 233.8 4.1
11 726. 37.7 .5 .90 .02 224.2 4.1
12 781 39.5 .5 .96 .02 236.7 4.1
14 238 38.8 .6 .94 .02 231.7 4,5
17 94 39.7 .7 1.00 .02 . 245.6 5.0
18 658 38.7 .5 .93 .02 231.1 4.1
19 527.° 39.6 .5 .95 . .02 235.3 4.1
20 144 38.6 .6 .96 .02 237.2 4.5
21 203 40.4 .5 .95 .02 235.8 .45
24 .73 37.8 1.1 .95 . .03 ©234.2 6.8
25 146 33.4 .6 .90 .02 223.2 4.5
26 139 © 37.0 .6 .95 .02 232.5 - 4.5
27 -390 39,1 .5 .96 .02 236.6 . 4.1
28 111 38.8 .8 .88 .03 221.0 5.0
29 48 38.4 1.0 .93 .03 229.3 5.9
30 . .54 39.6 .8 .91 .03 226.4 5.4
31 . .5 35.8 2.1 .92 .06 224.9 11.9
33 , 194 39.2 .6 .95 .02 235.3 © 4.5
34 75 40.0 .7 .95 .03 235.6 5.0
35 303, 40.5 .5 .95 .02 236.6 4.5
36 79 39.5 .8 .97 .03 239.4 5.4
39 197 35.6 .6 .89 .02 219.1 4.5
40 230 - 38.1 5 .94 .02 232.8 4.5
41 167 38.5 .6 .94 .02 233.1 4.5
42 64 37.7 .9 .94 .03 230.7 5.9
47 98 38.5 .7 .89 .03 222.8 5.0
48 413 38.5 .5 .95 .02 233.8 4.1
50 o . 148 38.9 .6 1,00 .02 2442 4.5
54 o 2437 38.4 .6 .94 .02 232.6 4.5
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APPENDIX TABLE 6. (CONTINUED)

NCF 3/4 .

Sire BRWT ADG " WNWT
Code n Mean SE Mean SE Mean SE
55 51 38.5 .9 .92 .03 228.8 5.9
56 : 47 38.6 1.1 .95 .03 234.6 6.8
66 54 37.4 1.2 . .92 .03 225.9 7.2
67 . 48 38.9 1.0 .92 .03 229.1 6.3
70 215 38.1 .6 .95 .02 233.6 4.5
72 56 38.3 .8 .97 .03 236.9 5.4

80 - 55 . 37.9 .9 .97 .03 .7 237.3 5.4
88 57 38.2 1.0 .99 .03 242.,2 6.3
94 ‘ 73 38.0 .9 1.03 .03 249.4 5.9
99 48 37.6 1.1 1.04 .03 6.8
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APPENDIX TABLE 6, (CONTINUED)

CF 1/2
Sire BRWT ADG WNWT
Code n Mean SE Mean SE Mean SE
1 301 37.7 1.2 .77 .06 .94.,8  13.1
2 209 35.2 1.3 .75 .06 190.3 13,1
3 17 - 37.8 1.4 .83 .07 207.8 l4.1
4 100 36.1 1.0 .84 .06 208.6 12.2
5 20 38.7 1.4 .83 .07 210,1 14.1
7 21 38.1 1.4 .75 .07 193.2 13.7 -
8 24 37.4 1.4 74 .07 190.6 13.6
9 40 37.8 1.2 .78 .06 197.2 13.1
10 - ‘ 89 34.2 1.2 .86 .06 210.5 12.7
11 71 33.4 1.5 .78 .07 192.4 15.0
12 137 37.2 1.2 .86 .06 213.6 13.1
13 11 36.1 1.4 .78 .07 196.3  14.1
14 . 18 36.6 1.5- .83 . .07 206,5 14.5
15 14 38.4 1.5 .79 .07 201.8 15.0
16 8 38.8 2.3 .83 .09 207.9 19.7
18 47 37.6 1.2 .83 .06 206.6 13.1
19 . 89 36.8 1.1 76 .06 192.8  12.7
21 25 38.2 1.2 .86 .06 214.3  13.1
25 37 34.7 1.4 .75 .07 . 189.7 14,1
27 26 34.6 1.3 .81 . .06 200.0 13.6
28 . - 7 36.6 1.9 .78 .08 197.7 16.8
33 12 36.9 1.4 .86 .07 211.5.  14.5
38 14 - 36.8 1.5 .76 .07 193.1 14.5
39 17 . 37.3 1.4 .79 .07 199.7° 14.1
40 . 28 37.9 1.4 .86 .07 214.6  14.1
43 ©o11 37.0 1.5 .82 .07 205.8 14.5 .
47 ‘ 12 39.6 1.7 .85 .08 214.9  15.9 °
48 o111 36.0 1.1 .87 .06 213.6 12.2
50 23" 39.1 2.1 .79 .09 200.9 18.1
51 77 36.9 1.2 ° .84 .06 209.1 12.7
52 . 31 36.1 1.5 .94 .07 229.7 . 14.5
54 18 38.1 2.1 .79 .09 199.4 ~ 18.1
55 - 56 33.9 1.2 .86 .06 210.8 13.1
56 28 34.4 1.6 .80 .07 198.8 15.4
1.8

63 13 . 32.7 .82 .08 200.2 16.8
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APPENDIX TABLE 6. (CONTINUED) ‘ i

CF 1/2 , : :
Sire BRWT ADG WNWT
code n Mean Se Mean - Se Mean SE
68 26 36.7 1.3 .80 .07 201.8 13.6
71 8 40.5 1.9 .85 - .08 216.0 17.2
74 - 9 .28.5 2.4 .70 .10 172.5  20.0
75 16 . 37.8 1.5 .80 07 202.3 14.5
78 16 36.3 @ 1.6 .83 .07 .205.8 15.4
79 20 37.9° 1.5 .84 .07 . 211.6 14.5 -
82 13 34.0 3.0 .60 - ,12 157.0  24.0
87 17 38.4 1.8 .83 .08 207.6 16.3
93 16 35.5 1.3 .83 .07 205.2 13.6
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APPENDIX TABLE 6, (CONTINUED)
CF 3/4
Sire BRWT ADG WNWT
code n Mean SE Mean SE Mean SE
1 228 39.3 .6 .97 .03 238.4 5.4
3 53 40.6 1.2 .94 .04 235.5 7.7
4 163 37.2 .7 .94 .03 230.3 5.4
7 32 40.3 2.3 1.06 .06 257.8 12.7
9 124 37.8 .7 .99 .03 235.0 5.9
10 376 38.2 .6 .95 .03 234.3 5.4
11 209 37.1 .6 .92 .03 227.9 5.4
12 236 39.9 .6 .97 .03 240.0 5.4
13 31 41.5 1.1 1.00 .03. 248.7 7.2
14 31 38.8 1.2 .94 .04 232.2 7.7
15 37 38.1 1.2 .99 .04 242.4 7.7
16 54 39.4 1.3 94 .04 233.3 8.1
18 213 37.4 .7 .99 .03 240,6 5.9
19 345 40.7 .6 .97 .03 240.4 5.4
20 49 39.0 1.0 .93 .03 230.8 6.8
21 48 40.5 .9 .98 .03 240.9 6.3
25 75 39.7 .8 .93 .03 230.6 5.9
26 45 37.7 1.5 .97 .04 237 .4 9.0
27 165 37.0 .7 .97 .03 248.7 5.4
28 50 37.9 1.3 .94 .04 232.4 8.1
32 23 38,1 1.5 .95 . 04 233.3 9.1
33 74 40.4 .8 1.00 .03 245.7 6.3
34 28 . 39.9 1.2 .95 .04 235.1 7.7
35 62 40.4 .9 .99 .03 245.4 6.3
39 64 34.9 .9 .92 .03 224.8 6.3
40 54 38.3 .8 .98 .03 241.0 6.3
41 139 36.1 .8 .96 .03 233.4 5.9
42 41 35.7 1.0 .95 .03 230.8 7.2
b4 108 38.2 .8 .96 .03 235.8 5.9
45 29 39.2 1.0 .97 .03 239.2 6.8
46 27 39.1 1.1 .09 .03 241.0 7.2
47 80 39,2 .9 .93 .03 231.4 6.3
48 120 . 39.0 .8 1.00 .03 245.0 5.9
51 80 40.3 - .8 .95 .03 235.8 6.3
53 27 39.6 1.4 .87 .04 218.,0 8,5
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APPENDTX TABLE 6. (CONTINUED)

CF 3/4 r
Sire BRWT ADG | WNWT
code n Mean SE Mean SE Mean SE
54 © 162 39.0 .7 .98 .03 242,1 5.4
56 9 36.3 1.8 .97 .05 237.2  10.7 .
75 80 39.0 .8 .92 .03 228.8 5.9
76 26 36.6 -1.1 .88 .04 218.3 7.2
81 43 39.0 1.5 .88 .04 220.9 9.1
84 42 39.3 1.5 .99 .04 243,6 9.1
86 22 38.2 .2.2 .97 .06 239.2  12.7
89 30 38.0 2.2 .90 .06 223.8 12.7
90 24 38.2 1.3 .91 .04 224.3 8.1
96 42 37.9 1.1 .91 .04 225.2 . 7.2
37.6 - 1.0 .96 .03 237.1 6.8

98 . 33

P




APPENDIX TABLE 7.
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LEAST SQUARES MEANS AND S.E. FOR BIRTH WEIGHT (kg) (RWT), PREWEANING
AVERAGE DAILY GAIN (kg/day) (ADG) AND WEANING WEIGHT (kg) (WNWT) FOR

EACH SEX WITHIN EACH SIRE (MODEL I)

) BRWT WNWT
NCF 1/2 Males Females Males Females Males Females
Sire code ) my M SE u SE H SE M SE u SE H SE
1 14 86 37.3 1.5 35.5 1.0 .94 .05 .80 .04 230.0 11.3 199.9 9.5
2 32 129 38.7 1.2 35.6 1.0 .85 .05 .80 .04 213.8 10.0 199.2 9.5
3 23 53 37.2 1.3 35.5 1.1 .84 .05 .81 .04 . 208.8 10.9 202.310.0
4 8 53 37.7 2.1 33.8 1.1 .97 .07 77 .04 236.0 14.5 191.6 9.5
6 11 31 40.5 1.6 35.2 1.2 .97 .05 .82 .04 239.8 11.9 202.6 10.0
7 5 52 39.4. 2.0 35.7 1.1 .92 .07 .77 .04 2293 14.5 194.6 10.0
-8 7 28 34.6 2.0 36.4 1.4 .87 .07 .86 .05 213.2 14.1 191.9 10.9
9 7 22 37.7 1.8 33.6 1.3 .84 .06 .80 .05 210.1 13.6 197.1 10.4
10 95 197 37.8 1.0 35.0 1.0 .91 .04 .79 .04 223.9 9.5 198.0 9.0
11 63 284 36.1 1.0 34.9 1.0 .88 .04 .76 .04 216.0 9.5 191.1 9.0
12 52 113 38.6 1.1 36.0 1.0 .85 .04 .81 .05 213.5 9.5 201.5 9.5
13 2 37 40.9 3.2 35.5 1.2 .79 .10 .82 .04 20.34 21.3 204.6 10.4
17 2 18 43.6 3.9 36.2 1.4 1.07 .12 .87 .05 263.9 25.4 215.5 10.9
18 46 160 40.3 1.1 35.5 1.0 .93 .04 .81 .04 230.5 10.0 202.6 9.0
19 9 502 39.9 1.7 35.6 1.0 .91 .05 .82 .04 227.6 12.7 204.3 9.4
20 17 40 38.4 1.4 34.6 1.1 .92 .05 .83 .04 227.3 10.9 205.7 10.0
21 14 34 41,2 1.5 35.3 1.2 .90 .05 .82 .05 226.4- 11.9 203.1 10.4°
22 5 27 40.6 2.0 34.1 1.3 .93 .07 .78 .05 231.1 14.1 194.9 10.9
24 11 38 37.9 1.7 34.0 1.2 .81 .05 .73 .05 203.6 12.2 182.9 10.4
25 74 143 37.7 1.1 35.2 1.0 .86 .04 .76 .04 214.9 80.0 192.0 9.0
26 1 42 43.8 3.9 34.6 1.2 .91 W12 .81 .05 232.2 "25.4 200.2 10.0
27 52 113 36.9 1.1 34.2 1.0 .92 .04 .78 .04 226.8 9.5 143.7 9.4
28 12 32 37.7 1.6 34.4 1.2 .82 .06 .75 .05 206.7 12.2 188.5 10.4
32 1 30 39.2 4.4 35.0 1.3 .69 14 .76 .05 © 181.5 28.9 190.2 10.4
33 25 38 38.4 1.3 38.3 1.2 .85 .05 .80 .05 213.0 10.4 202.4 10.0
35 18 68 37.9 1.4 37.4 1.1 .85 .05 .80 .04 212.2 11.3 201.9 10.0
38 16 29 36.4 1.4 34.8 1.2 .84 .05 .78 .04 207.8 11.3 195.7 10.0
39 13 65 33.9 1.4 33.3 1.1 .78 .05 .75 .04 193.5 11.3 188.2 9.5 °
40 17 57 39.8 1.5 37.5 1.1 .82 .05 .78 .04 208.2 11.3 197.7 10.0
42 7 46 37.4 1.9 32.9 1.2 .81 .06 T4 04 202.9 13.6 185.7-10.0
45 21 19 37.6 1.3 34.8 1.3 1.04 .05 .78 .05 251.8 10.9 195.3 10.9
47 15 26 41.6 1.4 36.3 1.2 .94 .05 .78 .05 243.5 10.9 196.3 10.4-
48 18 140 35.3 1.4 34.6 1.0 .89 .05 .79 .04 - 218.5 10.9 198.4 9.5
49 30 29 38.7 1.3 34.8 1.3 .81 .05 .72 .05 205.1 10.4 183.3 10.4
55 11 86 35.1 1.5 35.2 1.1 .84 .05 .81 .04 208.0 11.9 202.1 10.0
56 21 86 39.4 1.4 36.2 1.1 .87 .05 .79 .04 217.5 10.9 198.5 9.5
57 4 34 41.6 2.5 36.9 1.2 1.17 .08 .75 .05 281.2 17.2 191.1 10.4
58 9 26 38.8 1.7 36.2 1.4 .91 .06 .74 .05 225.1 12,7 189.2 10.9
62 12 20 36.2 1.5 34.5 1.3 .96 .05 .80 .05 233.7 11.9 198.8 10.9
65 5 33 39.8 2.0 34.6 1.3 .98 .07 .79 .05 242.0 14.5 196.6 10.4
70 22 51 34.2 1.4 36.2 1.2 .78 .05 .79 .05 194.8 10.9 192.4 10.0
71 6, 38 43.7 2.1 38.4 1.2 .80 .07 .81 .05 207.3 '14.5 205.7 10.0
72 29 23 37.7 1.3 34.9 1.4 .93 .05 .83 .05 227.8 10.4 205.5 10.9
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APPENDIX TABLE 7. (CONTINUED)

, BRWT ' ADG WNWT
NCF 1/2 Males Females Males Females Males Females
Sire code n; ny u SE n SE u SE i SE u SE

w0
=t
=

1 11 290 40.0 1.8 35.4 1.0 .74 .08 .79 .05 192.6 16.3 196.9 12.2
2 34 175 34.4 2.0 36.1 1.0. .74 .08 .77 .06 186.6 17.7 194.0 12.2
3 11 9 39.5 1.6 38.1 1.6 .87 .97 .79 .07 218.1 15.4 202.1 15.4
7 ‘5 16 40.5 1.9 35.7 1.3 .80 .09 .71 .06 205.5 16.8 180.9 13.6
8 15 9 37.9 1.5°37.0 1.7 .74 .07 .75 .09 190.4 14.1 190.7 ©15.9
9 ‘18 22 40.9 1.6 34.6 1.4 .84 .07 .71 .07 212.8 15.4 18l1l.5 14.1
10 24 65 35.0 1l.4 33.5 1.1 .91 .07 .81 .07 221.4 13.4 199.6 12.7
11 3 68 32.0 2.5 34.9 1.1 .77 .10 .78 .06 190.6 21.3 194.1 1i2.2
12 8 129 39.4 1.7 35.1 1.0 .90 .07 .82 .06 224.9 15.9 202.3 11.9
14 3 15 38.4 2.3 34.8 1.5 .85 .09 .80 .07 213.2 19.5 199.8 14.5
15 11 3 40.0 1.8 36.8 2.1 .84 .08 .75 .09 211.3 16.3 192.3 18.1
16 1 7 37.1 3.5 40.6 2.5 .99 .13 .66 .10 240.5 28.1 175.2 20.9
18 15 32 39.3 1.5 36.0 1.2 .88 .07 .76 .06 220.3 1l4.5 192.9 13.1
19 19 70 38.7 1.4 34.9 1.1 .75 ~07 .77 .06 192.8 14.1 192.7 12.2
25 26 11 33.6 2.2 35.7 1.5 74 .09 .77 .07 194.9 18.6 194.6 14.5
39 4 13 39.6 1.9 35.1 1.4 .82 .08 .76 .07 207.6 17.2 '191.7 14.1
40 7 21 40.2 1.9 35.6 1.4 .92 .08 .80 .07 228.7 1.68 200.6 13.6
47 2 10 46.4 2.8 32.8 1.5 .90 .11 .81 .07 231.2 22.7 198.5 14.5
48 33 78 36.7 1.2 35.4 1.0 .92 .06 .81 .06 225.5 13.1 201.7 12.2
50 1 22 43.8 3.4 34.6 1.4 .83 .13 .75 .07  214.2 27.2 137.7 14.1
51 20 57 37.9 1.4 35.9 1.1 .87 .06 .80 .06 217.9 13.6 200.3 12.7
52 3 10 36.5 2.2 35.6 1.5 1:.16 .09 .73 .07  274.4 18.6 135.0 15.0
54 1 17 39.2 3.4 37.0 1.5 74 .13 .83 .07 191.5 27.7 207.2 14.5
78 2 14 36.5 2.5 36.0 1.4 .88 .10 .77 .07 216.9 20.9 194.6 14.1
79 3 17 36.6 2.2 39.3 1.3 .93 .09 .76 .06 227.3 19.1 195.8 13.6
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(CONTINUED)
BRWT ADG WNWT
NCF 3/4 Males Females Males Females Males Females
Sire code ny mngy N SE u SE U SE n SE N SE u SE
1 38 93 40.2 8 37.3 .6 .99 .03 90 .02 243.0 5.4 222.8 4.5
3 40 108 41.6 8 37.3 .6 1.01 .03 .91 .02 248.6 5.4 4.5
4 39 108 38.0 .8 35.7 .6 .96 .03 .88 .02 234.4 5.4 215.5 4.5
6 21 31 43.1 1.2 36.6 1.0 .96 .03 .89 .03 240.0 7.2 218.2 6.3
7 11 "39 38.3 1.4 37.1 .9 .87 .04 .90 .03 216.1 8.1 220.9 5.9
9 61 150 39.8 .7 37.2 .6 .96 .02 .86 .02 236.4 5.0 213.1 4.5
10 193 378 40.1 5 37.0 .5 1.00 .02 .90 .02 245.3 4.1 222.5 4.1
11 230 496 39.1 5 36.3 .5 .95 .02 .87 .02 233.5 4.1 214.9 451
12 261 520 41.0 5 37.9 .5 1.01 .02 .91 .02 248.8 4.1 224.1 4.1
14 49 239 40.3 .8 37.3 .5 .99 .03 .89 .02 243.3 5.4 220.1 4.5
17 25 69 41.5 1.0 37.9 .7 1.06 .03 95 .02 . 258.5 6.3 232.7 5.0
18 133 470 40.0 5 37.4 .5 .99 .02 89 .02 242.7 4.5 219.5 4.1
19 127 400 41.6 6 37.7 .5 - 1.00 .02 .90 .02 247.3 4.5 223.4 4.1
20 45 99 40.9 8 36.3 .6 1.02 .03 .92 .02 249.9 5.4 224.,5 4.5
21 80 123 42.6 .7 38.2 .6 .98 .02 .92 .02 243.8 5.0 .227.8 4.5.
24 11 62 41.1 1.9 34.6 .8 1.03 .05 .88 .02 252.9 10.9 216.0 5.4
25 48 98 39.7 8 37.2 .7 .94 .02 .86 .02 232.9 5.4 213.5 5.0
26 49 91 38.2 8 35.8 .7 1.00 .02 .90 .02 243.5 5.4 221.4 5.0
27 118 272 40.8 .6 37.2 .5 1.02 .02 .90 .02 250.3 4.5 223.0 4.1
28 22 89 41.2 1.1 36.4 .7 .92 .03 .85 .02 230.5 7.2° 211.6 5.0
29 16 32 39.7 1.3 37.1 1.0 .98 .04 .90° .03 261.4 7.7 217.3 6.3
30 15 39 40.2 1.2 39.0 .9 .93 .04 .89 .03 232.0 7.2 220.9 5.4
31 2 3 39.2 3.0 32.5 2.7 .87 .08 .97 .07 218.0 16.8 231.7 15.0
33 59 135 40.8 .7 37.6 .6 .99 .02 .92 .02 244,6 5.0 226.0 ' 4.5
34 27 45 41.0 1.0 38.9 .8 .99 .03 .91 .03 245.1 6.3 226.1 5.4
~ 35 72 231 42.2 .7 38.8 .5 .98 .02 .93 .02 243.9 5.0 229.3 4.5
36 12 67 42.5 1.3 36.6 .8 1.04 .04 .91 .03 255.8 8.1 223.1 5.4
39 64 133 37.1 8 34.0 .6 .94 .02 .85 .02 229.8 5.4 208.4 4.5
40 78 152 39.4 7 36.8 .5 .98 .02 .92 .02 239.9 5.0 225,7 4.5
41 54 113 39.7 .9 37.2 .7 .98 .03 .91 .02 241.4 5.4 224.8 5.0
42 18 46 40.0 1.4 35.3 .9 . 1.02 .04 .87 .03.7 243.5 8.1 213.0 5.9
47 28 70 40.0 1.0 37.0 .7 .95 .03 .84 .02 235.6 5.9 210.0 5.0
48 103 310 40.7 .6 36.2 .5 1.01 .02 .90 .02 247.4 4.5 220.3 4.1
54 74 169 39.6 .7 37.2 .6 .97 .02 .92 .02 238.3 . 5.0 226.8 4.5
55 15 36 39.9 1.3 36.9 .9 .95 .04 .90 .03 234.9 7.7 222.8 5.9
56 14 33 40.5 1.8 36.9 1.0 1.04 .05 .87 .03 254.2 10.4 215.1 6.3 -
66 5 49 36.9 2.1 37.9 .8 . .97 .05 87 .03 235.9 11.9 215.9 5.4
67 15 33 39.5 1.3 38.3 1.0 .97 .04 .89 .03 238.2 7.7 .219.9 6.3
70 82 133 38.9 .8 37.2 .6 .99 .02 .91 .02 242.9 5.0 224.3 4.5
72 19 37 40.5 1.1 36.1 .9 1.03 .03 90 .03 252.6 6.8 221.2 5.9
80 33 22 39.4 1.0 36.5 1.1 1.01 .03 .93 .03 246.4 6.3 228.3 6.8
88 28 29 40.7 1.1 35.7 1.1 1.05 .03 .94 .03 256.1 7.2 228.4 6.8
94 39 35 40.7 1.2 35.2 1.0 1.11 .03 95 .03 269.1 7.2 229.6 6.3
99 15 33 37.7 1.4 37.5 1.2 1.11 .04 .96 .04 265.2 8.1 234.9 7.2
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APPENDIX TABLE 7. (CONTINUED)
BRWT ADG WNWT
CF 3/4 Males Females : Males Females Males Females
Sire code nj ny U SE u SE u SE u SE " SE. u SE
1 87 141 40.4 .8 38.2 .7 1.03 .03. .91 .03 251.4 5.9 225.4 5.9
3 6 47 42,7 2.0 38.6 .9 ..98 .05 .92 .03 244,1 11.3 226.8 6.3
"4 61 110 38.8 .8 35.6 .7 .98 .03 .90 .03 240.3 5.9 220.4 5.9
7 12 20 40.9 2.4 39.8 2.3 1.11 .06 1.00 .06 269.5 13.6 246.0 13.1
9 66 58 39.0 .8 36.7° .9 .99 .03 .93 .03 243.2 6.3 226.9 6.3
10 137 239 39.8 .7 36.6 .6 1.00 .03 .91 .03 244.9 5.4 223.8 5.4
11 76 133 38.4 .8 35.8 .7 .97 .03 .89 .03 236.7 5.9 219.0 5.4
12 65 171 41,7 .8 38.0 .5 -1.0L .03 .94 .03 248.2 5.9 232.0 5.4
13 15 16 42.5 1.6 40.5. 1.3 1.06 .04 .96 .04 259.4 9.5 237.8 8.1
14 8 23 39.1 1.7 38.5 1.3 .99 .04 .90 .04 242.2 10.0 222.3 8.1
15 18 19 40.2 1.4 36.1 1.3 1.05 .04 .94 .04 254.9 8.6 229.9° 8.6 .
16 7 47 40.9 1.9 38.0 1.2 .98 .05 .90 .04 243,0 11.3 223.6 8.1
18 67 146 38.2 .9 36.7 .7 1.04 .03 .94 .03 252.4 6.3 228.8 5.9
19 147 198 42.6 .7 38.9 .6 .99 .03 .96 .03 245.7 5.9 235.0 5.4
20 29 20 39.5 1.1 37.7 1.2 .98 .04 .90 .04 240.0 7.2 221.6 7.7 -
21 20 28 41.6 1.1 39.3 1.1 1.03 .04 .92 .04 253.7 7.7 228.2 7.2
25 19 56 42.5 1.1 36.9 .8 1.00 .04 .86 .03 247.1 7.2 214.1 6.3
26 3 42 38.8 2.7 36.6 1.0 1.07 .07 .88 .03 257.8 15.0 217.1 6.3
27 55 110 40.3 .9 37.8 .7 1.10 .03 .94 .03 266.5 6.3 230.8 5.9
28 5 45 39.8 2.2 35.9 1.0 .96 .06 .94 .03 235.8 12.7 229.0 7.2
32 6 17 41.0 2.2 35.3 1.4 1.03 .06 .87 .04 252.3 12.7 214.2. 8.6
33 26 48 41.2 1.1 39.2 .9 1.03 .03 .97 .03 253.7 7.2 237.8 6.3
34 8 20 40.9 1.8 39.0 1.2 1.03 .05 .88 .04 251.7 10.4 218.7 7.7
35 19 43 43.0 1.3 37.7 1.0 1.05 .04 .95 .03 259.0 8.1 231.8 6.8
39 25 39 35.3 1.1 34,5 1.0. .96 .03 .89 .03 233.3 7.2 216.2 6.8
40 28 26 38.2 1.0 38.4 1.0 1.02 .03 .96 .03 . 246.0 6.8 236.1 7.2
41 60 79 38.1 .9 34.2 .9 1.02 .03 .90 .03 248.0 6.8 218.8 6.3
42 18 23 38.0 1.3 33.4 1.2 1.00 .04 .90 .04 243.0 8.1 218.7 7.7
44 18 62 40.8 1.2 37.6 .9 1.01 .04 .86 .03 247.9 7.7 214.9 6.3
48 21 99 41.1 1.1 36.9 1.2 1.07 .04 .93 .03 261.4 7.7 228.7 . 5.9
51 42 38 42.0 1.0 38.6 1.0 .97 .03 .93 .03 242,0 6.8 229.5 6.8
54 64 98 39.6 .8 38.3 .7 1.04 .03 .94 .03 253.8 5.9 230.3 5.9
56 2 7 37.7 3.0 34,9 1.9 .99 .03 .97 .05 241.2 16,8 233.3 10.0
75 36 44 40,8 1.0 37.2 .9 .98 .03 .87 .03 242,1 6.8 215.5 6.3
76 14 12 38.3 1.4 34.9 1.5 .89 .04 .88 .04 221.0 "8.6 215.6 9.0
81 4 39 41.5 2.3 36.5 2.0 .92 .06 .85 .05 230.3 12.7 21i.6 11.3
84 21 21 41.0 1.7 37.6 1.6 1.02 .04 .96 .04 251.0 10.0 236.1 9.5
86 7 17 37.5 1.9 39.0 1.4 1.01L .05 .95 .04 244,3 10.9 234.0 8.6
96 26 16 38.8 1.3 36.9 1.5 .93 .04 .90 .04 228.9 8.1 221.4 9.0
98 11 22 39.4 1.5 39.6 1.1 .98 .04 .95 .03 °239.9 9.0 234.2 7.2
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LEAST SQUARES MEANS AND S.E. FOR PREWEANING
AVERAGE DAILY GAIN (kg/day) FOR THE BULL AND
HEIFER PROGENY (MODEL I)

. Sex )
Data set Bull Heifer
NCF 1/2 .88+.04 (867) .78%.04 (3239)
CF 1/2 .85:.66 (280) .77+.06 (1605)
NCF 3/4 .99%.02 (2541) .91+.02 (6071)
CF.3/4 1.00¢.02r(1359) | _.523.02 (2674)




APPENDIX TABLE 9. LEAST SQUARES MEANS AND S.E. FOR PREWEANING AVERAGE DAILY GAIN (kg/day)

FOR EACH AGE OF DAM (MODEL I)

Age of dam (years)

.2

Data set 3 _ 4 5 or older
NCF 1/2 79804 (300)  -83t.04 (686)  .86%.04 (716)  .87%.04 (2404)
GF 1/2 .76%.06 (83) .82%.06 (462)‘ .83+.06 (289) .82+.06 (1111)
ﬁCF 3/4 .87+.02 (4671) .93i.62 (2449) i99i.02 (1202) .99£.02 (290)
CF 3/4 . .89%,02 (2124) .95+.02 (1288) .98+.02  (495)

1.01%£.03 (126)
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APPENDIX TABLE 10.

LEAST SQUARES MEANS AND S.E. FOR PREWEANING AVERAGE DAILY GAIN (kg/day)

FOR EACH SEX WITHIN EACH AGE OF DAM (MODEL I)

'Age of dam (yearsf

Data set 2 3 4 5 or older
 NCF 1/2 Males (831,04 (44) .89%.05 (131) .91%.05 (175)  .92%£.05 (517) .
NCFL 1/2 Females  .76%.04 (256)  .77%.05 (555) .81%.05 (541) . .81%.05 (1887)
CF 1/2 Males .80£.07 (11)  .88:.06  (30) .87£.06  (51)  .85%.06 (188)
CF 1/2 . Females  .73:.06 (72)  .76%.06 (372) .78£.06 (238)  .79%.06 (923)
NCF 3/4 Males .90£.02 (1324)  .98%.02 (764)  1.03+.02 (373) 1.05:.02  (80)
NCF 3/4 Temales  ..84%.02 (3347)  .89%:.02 (1685) .93£.02 (829)  .94%.02 (210)
CF 3/4 Males L92£.01 (689) 1.10£.02 (455)  1.045.05 (169) 1.06%.03  (46)

CF 3/4 TFemales  .86£.02 (1435)  .91£.01 (33) 93£.01 (326)  .95%.02

(80)
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APPENDIX TABLE 11. RESIDUAL AND GENETIC CORRELATIONS (r,) BETWEEN

BIRTH WEIGHT (BRWT), PREWEANING AVE

GE DAILY

CGAIN (ADG) AND WEANING WEIGHT (WNWT) (MODEL I)2@

Data set
NCF 1/2 CF 1/2
BRWT ADG  WNWT BRWT ADG WNWT
BRWT _— L13% . 29% _— .08% L21%
ADG .38% _— .99% | -.38% _— .99%
WNWT .54% L98%  ——— -.16% 97%  ———
NCF 3/4 - CF 3/4
BRWT ADG WNWT - BRWT ADG WNWT
BRWT _— 12% ° .20% _— .05 L 24%
ADG 56% - .98% 51k == L98%
WUNWT . 66% L99% - .65% - _—

.98%

8Residual correlations above the main diagonal genetlc correlations

below the main diagonal.
%P<.05.,
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LEAST 'SQUARES MEANS AND $.E. FOR WEANING WEIGHT FOR

BULL AND HETIFER PROGENY (MODEL I)

Sex
~Data set Bull Heifer .
NCF 1/2 - 220.4% 9.0 (867) 196.8+ 8.9 (3239)
CF 1/2 212.2%12.2 (280) 192.6+11.8 (1605)
NCF 3/4 243.4% 4.0 (2541) ©221.9% 3.9- (6071)
CF 3/4 245.9% 5.2 (1359)

225.1% 5.1 (2674)




APPENDIX TABLE 13.

LEAST SQUARES MEANS AND S.E. FOR WEANING WEIGHT (kg) FOR FACH AGE OF

DAM (MODEL II)

Age of dam (years)

Data set 2 .3 4 5 or older

NCF 1/2 198.6% 9.1 (330) 206.2% 9.0 (686) 214.6% 9.0 (716) 215.1% 8.9 (2404)
CF 1/2 191.7+11.8 (83) 205.6x12.1 (402) 206.2%11.9 (289) 205.9ill.8 (1111)
NCF 3/4 214.9% 3.9 (4671) 230.1% 3.9 (2449) 241.8% 3.9 (1202). 243.9% 4.2 (290)
CF 3/4 21922+ 5.1 (2124) 234.1% 5.1 (1288) 242.2% 5.2 (495) 246.5% 5.5 (126)
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APPENDIX TABLE 14. LEAST SQUARES MEANS AND S.E. FOR WEANING WEIGHT (kg) FOR EACH SEX

WITHIN EACH AGE OF DAM (MODEL I)

Age of dam (years)

Data set 2 .3 4 5 or older

NCF 1/2 Males 206.9210.0 (300) 220.4% 9.3 (131) 226.3* 9.1 (175) 228.0%t 9.0 (517)
NCF 1/2 Females 190.1+ 9.1 (256) 192.0% 9.0 (555) 202.8+ 9.0 (541) 202.2%+ 9.0 (1887)
CF'l/Z Males 199.9+15.0 (11) 219.7%12.0 (30) 216.8%12.5 (51) 213.2+12.2 (188)
CF 1/2 Females 183.5x11.5 (72) 191.6#11.9 (372) 196.6+11.9 (238) 198.7x11.8 (923)

NCF 3/4 Males 222.8+ 3.9 1324) 240.0% 4.0 (764) 253.8* 4.1 (373) 234.4% 4.8 (80)

I+

NCF 3/4 Females 206.9+ 3.9 (3347) 208.1* 3.9 (1685) 229.7+ 3.9 (829) 230.9% 4.2 (210)

-+

5.2 (689) 244.2% 5.2 (455) 254.3% 5.3 (169) 259.2+ 6.3  (46)

I+ -

CF 3/4 Males 225.9

CF 3/4 Females 212.5

I+

5.1 (1435) 224.0% 5.1 (833) 230.1% 5.2 (326) 233.9+% 5.8 (80)

~T/1-
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LEAST SQUARES MEANS AND S.E. FOR BIRTH WEIGHT (kg),
PREWEANING AVERAGE DAILY GAIN (kg/day) AND WEANING
WEIGHT (kg)(MODEL II)

Data set
NCF 1/2 NCF 3/4
1068 3378
Birth weight 36.4%1.5 39.0%.6
lAverage daily gain .82%.08 .94%,03
Weaning weight 204.2%17.9 231.7%5.9

APPENDIX TABLE 16.

LEAST SQUARES MEANS AND S.E. FOR BIRTH WEIGHT (kg)
FOR BULL AND HEIFER PROGENY (MODEL II)

Data set

Sex NCF 1/2 NCF 3/4
Bulls 37.6%1.5 (513) 40.2+.6 (1592)
Heifers 35.3+x1.5 (555)

37.7+.6 (1786)

APPENDIX TABLE 17.

LEAST SQUARES MEANS AND S.E. FOR BIRTH WEIGHT (kg)
FOR EACH AGE OF DAM (MODEL IT)

Data set
Age of dam NCF 1/2 NCF 3/4
2 35.8+1.7 . (159) 37.2%.7 (1722)
| 3 35.3+1.5 (173) 38.7+.7 (1038)
4 37.4%1.5 (213) 39.7%.7 -(522)
5 or older 37.2i175 (523) 40.3+.8 (96)




APPENDIX TABLE 18.

LEAST SQUARES MEANS AND S.E. FOR BIRTH WEIGHT (kg) FOR EACH SEX
_WITHIN EACH AGE OF DAM (MODEL IT)

Data set
NCF 1/2 7 _NCF 3/4
Age of dam Bulls Heifers Bulls Heifers
2 36.8x1.7 (78) 34.8+1.7 (81) 38.6x .7 (719) 35.8x .7 (931)
3 36.6x1.6 (93) .34.li1.6 (80) 40.3+ .7 (518) 37.l£..7 (520)
4 38-4x1.6 " (89) 36.4x1.6 (124) 40.9+ .7 (250) 38.5% .7 (272)

5 or older

38.5£1.5 (253)

35.9x1.5 (270) 41.1+ 1.0

(33) 39.4x .8  (63)
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APPENDIX TABLE 19. LEAST SQUARES MEANS AND S.E. FOR BIRTH WEIGHT (kg)
(BRWT) , PREWEANING AVERAGE DAILY GAIN (kg/day) (ADG)
AND WEANING WEIGHT (kg) (WNWT) FOR EACH SIRE

(MODEL II)
NCF 1/2
Sire’ BRUWT ADG WNWT
code n . SE T SE. ~ il “SE
1 13 32.7 3.9 .71 .13 178.3 28.6
2 23 38.1 2.5 .81 .10 205.0 21.5
3 9 35.2 2.9 .83 .10 206.4 23.1
6 14 39.9 2.3 .95 .09 235.7 20.5
7 20 37.2 2.4 .83 .10 206.8 21.0
9 10 37.2 2.9 .83 .11 208.2 23.1
10 14 37.6 2.6 .85 .10 212.3 20.4
11 60 36.7 2.0 .85 .09 212.7  19.5
12 55 37.6 1.9 .85 .09 212.7 19.1
16 : 16 37.6 3.4 .77 1 196.4 25.4
18 38 38.1 2.2 .92 .09 225.9 20.4
19 18 34.5 4.1 .78 .13 194.1 28.6°
20 11 40.8 2.9 .90 .10 225.9 23.1
21 38 39.0 2.3 .92 .10 227.1°  20.9
23 7 40.8 3.4 .89 .12 224.1 25.4
24 27 34.9 2.6 .77 .10 193.7 21.8
25 18 . 38.1 2.1 .81 . .09 205.0 20.0
26 50 37.2 4.1 .87 .13 215.0 28.6
27 28 36.7 2.0 .84 .09 209.6 19.5
30 13 38.1 2.8 .93 .10 227.7 22.7
33 31 . 36.7 3.3 .76 .11 191.9 24.9
35 30 35.6 3.3 .76 .11 193.2 24.9
38 30 34.0 3.1 .78 1 194.6 24.0
39 32 32.2 3.3 .71 .11 179.0. 24.9
40 17 37.2 2.6 .85 .10 211.8 21.8
42 17 ' 34.0 2.6 .81 .10 200:0 21.8
L4 7 39.5 2.5 1.01 .10 247.2° 21.8
45 8 35.4 2.8 .80 .10 199.6 22.7
48 21 34.0 2.5 .80 .10 197.8 21.3
49 59 35.4 3.2 T .72 11 183.3 24.5
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APPENDIX TABLE 19. (CONTINUED)

NCF 1/2

Sire BRWT ADG WNWT
Code n u SE U SE u SE
54 - 12 38.6 2.3 .85 .09 213.2 20.
56 31 36.3 2.1 .88 .09 216.4 20.
58 28 33.1 3.9 .65 .12 167.4 27.
59 10 40.4 2.8 .79 .10 202.8 22.
60 13 30.8 3.9 .73 .03 181.0 28.
61 14 35.8 3.0 .71 .11 182.3 23.
62 10 32.7 4.0 .76 .13 187.8 28.
64 7 34.9 - 2.9 .82 .10 203.2 23.
65 17 31.8 3.9 .74 .13 132.8 27.
69 22 35.4. 3.3 .77 11 193.7 24,
70 102 36.7 2.9 .87 .10 214.1 23.
71 11 " 43.1 3.8 .85 .12 217.1 27.
72 19 36.7 2.1 .88 - .09 218.6 20.
73 29 33.6 4.3 .73 14 182.3 29.

. 85 9 . 37.2 . 3.2 .81 11 203.7

24,
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APPENDIX TABLE 19. (CONTINUED)
NCF 3/4 _
Sire _ BRUWT ADG WNWT
Code n u SE u SE U SE
1 54 39.5 1.0 .95 .03 233.9 7.
3 69 40.4 1.2 .98 .04 240.3 8.
4 70 36.7 1.1 .93 .04 227.6 7.
6 20 39.9 2.1 .91 .05 .227.0 117
7 27 39.0 1.4 .87 .04 217.7 9.
9 96 38.7 1.1 .09 04 223.2 .7
10 169 39.5 .9 .95 .03 233.9 )
11 276 39.3 .9 .90 .03 223.4 6
12 326 40.1 .8 .97 .03 233.7 6.
14 - 58 39.8 1.1. .98 .04 239.6 7.
17 32 41.1 1.4 .03 .04 252.1 8.
18 216 39.0 1.0 .92 .03 228.1 6.
19 281 39.4 1.0 .95 .03 234.4 6.
20 43 38.5 1.4 .98 .04 240.2 8
21 72 39.9 1.0 .98 .03 240.6 . 7.
25 54 39.5 1.2 .33 04 0 219.2 8.
26 40 37.6 1.1 .98 .04 239.3 7.
27 142 40.1 1.0 .97 .03 238.4 6.
30 24 39.2 1.2 .91 04 226.7 8.
32 49 40.1 1.2 .98 .04 242 .4 8
33 63 39.8 1.0 .96 .03 235.9 7
34 39 38.9 1.9 .90 .05 222.8 10.
35 - 140 40.0 1.0 .94 .03 232.6 7
36 21 40.3 1.5 .98 .04 240.5 9.
39 75 37.1 1.2 .38 .04 217.1 8.
40 76 38.7 1.2 .94 .04 231.1 7.
41 36 38.4 1.3 .96 .04 236.2 8.
47 45 38.6 1.1 .89 .04 221.9 7
48 142 39.3 .8 .96 .03 235.7 6
54 123 38.3 1.5 .96 .04 235.1 9.
55 19 41.0 1.9 .90 .05 226.7 11
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(CONTINUED)

NCF 3/4 :

Sire BRWT ADG WNWT

Code - n W SE i SE H SE
66 49 38.9 1.5 .85 .04 215.5  9.5.
70 115 38.4 1.4 .97 .04 237.6 8.6
75 18 39.4 2.0 .88 .05 219.9 11.9
77 20 38.7 1.7 .93 .05 229.2 10.4
83 _ 18 36.3 1.6 .93 .04 227.8 10.0
88 L4 38.9 2.4 1.01 .06 246.3 13.6
90 21 35.7 1.6 1.00 .04 240.1 10.0
92 19 35.3 2.3 1.03 .06 247.2  12.7
95 23 37.2 1.9 .88 .05 217.7 11.3
97 40 41.1 1.9 .93 .05 232.9  10.9
42 29 37.2 2.4 1.02 .06 246.5 13.6
43 28 43.4 3.4 .88 .09 224.0 18.1
IAA ‘ 34 35.9 2.0 .90 .05 220.6 11.3-
45 25 39.4 1.8 .89 222.2  10.9

.05
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APPENDIX TABLE 20.
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LEAST SQUARES MEANS AND S.E. FOR PREWEANING
AVERAGE DAILY GAIN (kg/day) FOR BULL AND
HEIFER PROGENY (MODEL II)

Data set
Sex NCF 1/2 NCF 3/4
Bulls .85+.08 (513) .98£.02 (1592)
Heifers .78%.08 (555)

-90£.03 (1786)

APPENDIX TABLE 21.

LEAST SQUARES MEANS AND S.E. FOR PREWEANING AVERAGE
DAILY GAIN (kg/day) FOR EACH AGE OF DAM (MODEL II)

- Data set
Age of dam NCF 1/2 NCF 3/4
2 .79£.09 (159) .87£.03 (1722)
3 .79:.08 (173) .93£.03 (1038) .
4 .84£.08 (213) .99+:03  (522)

5 or older

.84%.08 (523)

.96x.03  (96)




- APPENDIX TABLE 22. LEAST SQUARES MEANS AND S.E. FOR PREWEANING AVERAGE DAILY GAIN

(kg/day) FOR EACH SEX WITHIN EACH AGE OF DAM (MODEL II)

Data set. . .
NCF 1/2 , ~ NCF 3/4
Age of dam Bullsd Heifers - Bulls 7 Heifers
2 .80£,09 (78) .78%.09 81) .90%+.03 (791).‘ .84%+.03 (931)
3 .84+.08 (93) .73%.08 (80) .98+.03 K518) .90+.03 (520)
.4 .87+.08 (89) .82+.,08 (124) 1.03+.03 (250) .95+.03  (272)
5 or older

.88+.08 (253) .80%£.08 (270) .99+.04 (33) .93%.03 (63)

~6LT~
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APPENDIX TABLE 23. RESIDUAL AND GENETIC CORRELATIONS (r,) BETWEEN
BIRTH WEIGHT (BRWT), PREWEANING AVERAGE DAILY
GAIN (ADG) AND WEANING WEIGHT (WNWT) (MODEL II)a

Data set
NCF 1/2 ) CF 1/2
BRWT ADG WNT BRWT ADG WNWT
BRWT — .23% . 39% —_— .13 .30%
ADG .55% —_— .99% .33* | — .99%
WNWT .66% .99% - JA45% .99% e

dResidual correlations above main diagonal genetic correlations
below main diagonal.
*p<.05




APPENDIX TABLE 24.
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LEAST SQUARES MEANS AND S.E. FOR WEANING WEIGHT
(kg) FOR EACH SEX (MODEL II)

Data set
Sex NCF 1/2 NCF 3/4
Bulls 212.2+17.9 (513) 240.416.0 (1592)
Heifers 196.2%17.9 (555) 223.1+6.0 (1786)

APPENDIX TABLE 25.

LEAST SQUARES MEANS AND S.E. FOR WEANING WEIGHT
(kg) FOR EACH AGE OF DAM (MODEL II).

. Data set
Age of dam NCF 1/2 NCF 3/4
2 198.1+18.5 (159) 216.0x6.0 (1722)
3 198.1+18.0 (173) 230.826.01(103$)
4 210.6x18.0 (213) 243.1%6.0 (52é)

5 or older

210.1+18.0 (523) 237.0%6.5) (96)




APPENDIX TABLE 26. LEAST SQUARES MEANS AND S.E. FOR WEANING WEIGHT (kg) FOR EACH SEX
WITHIN EACH AGE OF DAM (MODEL IT)

Data set
NCF 1/2 NCF 3/4
Age of dam 7 Bulls Heifers ‘ Bulls Heifers
2 201.9+18.6 (78) 194.3%18.6 (81) 223.2%6.0 (791) 208.8%6.0 (932)
3 210.8+#18.1 (93) 185.4%18.1 (80) 241.2%6.0 (518) 220.4%6.0 (520)
4 216.4+18.1 (89) 204.7#18.1 (124) 252.5%6.1 (252) 233.7x6.1 (272)
5 or older 219.6%18.0 (252) 200.5%18.0 (270) 244.6*7.3 (33) 229.5%6.8 (63)

-¢81-
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