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CHAPTER T
INTRODUCTION

Selection, a primary force for changing gene frequency, is the process
of permitting certain kinds of individuals to reproduce at a highér rate
or leave more offspring than others. Although génes are the units of in-
heritance that selection acts upon, the whole animal, not just a few
genes, is what is selected or rejected. The producer may'evaluate indivi-
dual traits of each animal and these traits may involve many genes, but
whether that animal becomes a herd bull, enters the cow herd or is sent
to ﬁarket depends upon all of his or her characteristics. The producer's
decision, weighing all strengths and weaknesses in comparison with other
animals, ultimately decides sires and dams of future calf crops. Thus,
it is the net effect of selection, éonsidering many traits and economic
evaluation, that should finally be appraised.

The alterations which selection produces in the genetic structure
‘of a population are difficult fo see or measure directly, but whatever
changes are made through selection are cumulative over generationms.
Changes from selection are difficult to evaluate becaﬁse they have often
been coupled with the impact of iﬁproved management practices as well as
large environmental variation from year to year which greatly influences
actual performance levels.

Improvement of the genetic composition of a cattle herd can

essentially only be achieved through selection of individuals genetically



superior for economically important traits. Most producers today put
considerable emphasis on growth rate of cattle. We need fast growing,
efficient cattle from birth to slaughter; cattle that will produce heavy
weéning weights for the cow-calf producers; efficient gains for the
stockervopetatoré and feedlots; heavy, lean, high yielding carcasses

for the packer; aﬁd tasty, tender prpducts for the consumer.

Numerous selection experiments have been conducted in 1aborétory'
species demonstrating that selection can be effective in increasing
growth rate; however, very few studies have been»designed to evaluate the
effectiveness of selection for growth rate in our livestock populations,
especially cattle. Information is needed to quantify ﬁow rapidly im-
provement can be obtained in certain traits: along with correlated responses
in other traits, in other words, net merit Fealizéd from selection.

This study was undertaken in the early sixties to: (1) quantify
selection pressure achieved in a long tefmvstudy of beef cattle, (2) to
estimate direct response to selection for weaning and yéarling weights,
and (3) to estimate correlated responses in other economicaliy impbrtant
traits in two lines of Hereford cattle. Hopefully, information gained
from this study will aid the industry in developing selection programs
aimed at choosing cattle genetically superior for economically important

traits.



CHAPTER II
REVIEW OF LITERATURE
Selection Theory

Two methods may be employed by livestock breeders to cause changes
in the genetic structure of a population. One is the use of various
mating systems or controlling the way in which animals are mated. Tﬁis
would include inbreeding, linebreeding, outcrossing and crossbreeding.

The other method to alter genetic structuré of a population is through
selection. Selection means allowing some animals with more desirable
genotypes to become parents and leave mofe offspring than others. While
mating systems affect the genotypic frequencies in a population, selection
is a directional force to change gene frequency which therefore also
changes genotypic frequency.

The brief summary to follow concerning basic selection theory is
based on information presented in texts by Lush (1945), Falconer (1960)
and Pirchner (1969). Selection theory had its foundations in the early
portion of this century through development of quantitative genetic
theory by such great minds as R. A. Fisher, J. B. S. Haldane and S. Wright.
The initial application of this theory to animal breeding and the develop-
ment of animal breeding principles can mainly be attributed to J; L. Lush
and his students.

The primary genetic effect of selection is to permanently change gene

frequency and the magnitude of the effect of selection depends upon how



much change occurs in these gene frequencies (Lush, 1945). The changes
of gene frequency can rarely be seen or measured directly since it is

not possible to determine how many loci actually influence a particular
quantitative trait (Falconer, 1960). If, in fact, superior individuals
are chosen, the progeny generation should have a higher frequency of more
desirable genes and mean progeny performance for the selected trait should
be higher than the mean performance of the prior generation. If environ-
mental influences, dominance and epistasis are negligible, the mean
performance of the progeny is expected to be the average breeding value
of the selected parents (Pirchner, 1969). Due to errors in estimating
breeding values of both parents and offspring, mean of offspring usually
does not equal the average breeding value of the selected parents. Be-
cause environmenfal, dominance and epistatic effects do exist, means,
variances and covariances are often used to describe the effects of
selection since they are determinable quantities (Falconer, 1960).

The desirable goal of selection is to change the population mean
for some particular chafacter; therefore the major response of interest
to selection is the difference of mean performance of offspring from
selected parents and average performance of the parental generation be-
fore selection. Consequently, effectiveness of selection, in part,
depends upon the selection differential or difference of average pheno-
typic value of selected animals and that of the contemporary herd
(Falconer, 1960). The degree to which differences in phenotypes are
inherited also influences response to selection; thus, genetic gain (AG)
expected in one generation of selection is given by heritability (hz)

times selection differential (Falconer, 1960 and Pirchmer, 1969).

Heritability is the proportion of total phenotypic variation that



is attributed to additive genetic effects (Lush, 1945 and others). It
provides a measure of the extent that differences among phenotypes are
reflected by differences in genotypes and how well these differences will
be passed on to the next generation. Heritability, and thus, response

to selection, is influenced by the magnitude of environmental, non-
additive and additive genetic Variat%on for the trait under consideration
(Falconer, 1960 and others.) Highly heritable traits (those with a

large proportion of their Phenotypic variation caused by additive genetic
variation) would be expected to respond quite favorably to selection,
while notable responses to selection for lowly heritable traits.would
take a much longer time. Often realized heritabilities are calculated
from selection studies by response from selection dived by selection
differential (Pirchner, 1969). ‘

Size of the selection differential is dependent upon two factors,
selectioﬁ intenéity (the proportion of the herd seleéted to be parents)
and- the phenotyﬁic.variaﬁion of the character in qﬁestion,(Falconer, 1960).
Since more extreme phenotypes will occur and be selected for a trait with
considerable variation, the selection differential is expected to be
larger than for a trait with little phenotypic variance (Falconer, 1960).

The other factor influencing selection differential, selection
intensity, cannot be completely controlled by the breeder as he must
maintain a somewhat constant herd size. The smaller the proportion of
animals saved for breeding, the higher the selection infensity and thus,
the larger the selection differential (Lush, 1945). 1In livestock pop-
ulations, generally far fewer males are kept for breeding purposes than
females, so the selection differential for males will usuall& be much

larger for males than females (Falconer, 1960). Also, selection



differentials can be markedly increased through artificial insemination
.and embryo transfer.

- Most breeders are interested in genetic gain per year, not per
generation. This is obtained by di?iding genetic response per generation
by generatioﬁ interval. Generation intérvél is defined as the average
age of parents when offspring are born that ﬁill becom e parents of the
next generatién, so the shorter the generation'interQai,_the more gain
realized from selection per year (Falcomer, 1960).

Also of interest are correlated responses to selection or indirect
selection for traits that are influenced by some of the same genes that
affect the trait under direct selection. The generalized formula for
correlated response is given by:

CRy = r_ -0, h.i  (Falconer, 1960)
y

g
where: CRy = correlated response on frait y when selecting for
trait x '
ré = genetic correlation of traits x -and 'y
'Gay = additivé standard deviation of trait y
hX = square root of the heritability of trait x
ix = selection intensity of trait x

Correlated responses to selection can thus be predicted if genetic
correlations, heritability, additive variance and selection intensity
are known; or conversely, if the correlated response is measured, realized
genetic correlations can be estimated if other parameters and selection
intensity is known.

Some traits of interest are difficult to measure or occur later in an
animal's life and are thus difficult to direétly select for. If there are
favorable genetic correlations with traits that are easier to measure, then

selection on those traits may be an effective way for improving some



economically important traits in our livestock populations not so easily

measured (Falconer, 1960 and Pirchner, 1969).

Results of Selection Experiments in

Species Other Than Beef Cattle
Mice

Numerous experiments conducted with laboratory species concerning
selection for growth traits analogous to those that are economically
important in beef cattle have been reported. Although these results may
be less applicable than those from cattle experiments, they can give
additional insight to selection studies due to much greater number of
generations and greater precision in experimental techniques. Chapman
(1951) reviewed,the effectiveness of select&on in laboratory animals and
concluded that no obvious inconsistencies between experimental work énd
genetic theory were evident. Chapman also summarized many studies and
arrived at these generalizations: (1) major changes in traits selected
for occur in the first generations with alternating periods of little
or no change, (2) relative variation within selected lines remained
fairly constant throughout generations of selection, (3) noted correlated
changes do occur in traits for which no conscious selection was practiced
and (4) reduction of heritability.in later genérations of selection.

Another review by Roberts (1965) concerning contributions of the
laboratory mouse to animal breeding research, summarizes the literature
relative to selection for body weight and other measures of growth.
Roberts found the following generalizations to be applicable to livestock
populations in regard to selection for body weight: (1) selection is

primarily cummulative in nature, (2) selection is uncomplicated by



interactions, genetic or envirommental, (3) it is effective in bringing
about marked changes in weight, (4) limits are not reached for 20 or more
generations, (5) selection schemes based on individual performance such
as performance testing rather than progeny tests may be more effective
for weight traits and (6) marked correlated changes may occur and they
may not always be favorable.

A summary of numerous reports on selection studies involving body
weight in miée and a few with rats are presentéd in Table I. Some of
these studies merit further mention. In a long term selection experiment
involving 84 generations of selection for increased 60 day weight in
mice, Wilson et al. (1971) reported a very distinctive leveling response
with no appreciable response the last 49 generations. This experiment
was first reported by Goodale (1938) and the object of the study was to
determine limits of change that could be made by selection. Goodale and
co-workers set out to breed the largest, heaviest mice possible from
a line of big albino mice with four males and 11 females as foundation
stock. Results of this study suggest there is a point of exhaustion of
genetic variation in a population, but prior to this exhaustion major
changés can occur in the trait selected (72% increase in 60‘day weight).
This experiment also points out the value of experiments with laboratory
animals, as a similar study involving cattle would &ake 378 &ears if the
generation interval was 4.5 years.

Falconer (1973) also reported a leveling effect of response to
selection for increased six week weight after 23 generations Many studies
(Falconer, 1953; Falconer, 1955; Lang and Legates, 1969; McLellan and
Fréhm, 1973; and Baker and Chapman, 1975) report asymmetry in response to

selection for the same trait in opposite directions with greater response



TABLE I

RESULTS OF SELECTION EXPERIMENTS IN MICE OR RATS

Growth traits " Other

Reference Selection Number of Trait Response . Realized h2 correlated Comments
criteria generations ) (direct or responses
correlated)
Baker and + 3-9 wk 13 3-9 wk gain .25 0 ffyoung raised Study done with rats; control line
Chapman gain to 9 wks used;
(1975) 0 fertility Significantly greater response (23%)
downward than upward.
Baker et al. + 3-9 wk 13 + 3-9 wk gain + 3 wk wt + litter size Same study as above; rats control
(1975b) at birth lines;
+ litter size 2 wk litter wt (measure of lactation
at birth was greater in positive selection
lines than negative lines.
Bakker et al. 6 wk wt 36 3 wk wt +227% Control lines used.
(1976) 6 wk wt +33% )
. 3-6 wk gain +46%
3-6 wk gain 36 : 3 wk wt +28%
6 wk wt +50%
3-6 wk gain +70%
Bradford (1971) + 3-6 wk gain 24 3 wk wt +30% .20 + .01 + ovulation rate Proportion of fertile mating declin-
6 wk wt +54% . - 0 parental loss ed in later generations.
3-6 wk gain +767% ' 0 litter size
Carter (1972) + 3 wk wt S 21 3 wk wt +20% In 3 wk wt line, little response
6 wk wt +15% in 6 wk wt after 6th generation;
+ 3-6 wk gain 21 3 wk wt +20% In 6 wk wt line, response in 3 wk
6 wk wt +337% wt up to 25% in 6th generation,
. then declines;
+ 6 wk wt 21 3 wk wt . +.7% In 6 wk wt line, response in 3 wk

wt up to 25% in 6th.generation,
then declines;
In 6 wk wt line, showed greater

" response in gain than gain line;

4 lines, 8 pairs per generation.



TABLE I (Continued)

Reference

Growth traits

Realized h2

Other
correlated
responses

Comments

Dalton (1967)

Falconer
(1953)

Falconer
(1955)

Falconer
(1973)

Selection Number of Trait Response
criteria generations (direct-or
correlated)
Full feed 13 3-6 wk gain .23
+3-6 wk gain
Full feed 13 3-6 wk gain .21
-3-6 wk gain
Diluted diet 13 3-6 wk gain .30
+3-6 wk gain
Diluted diet 13 3~6 wk gain .22
-3-6 wk gain
+6 uk wt 11 6 wk wt a7 .22
’ 3 wk wt 0
-6 wk wt 11 6 wk wt -332 .49
-6 wk wt 30 6 wk wt (to gen. 21)
2175
-6 wk wt 24 6 wk wt (to gen. 19)
.518
+6 wk wt 23 6 wk wt +45% (10 gen.) .40
3 wk wt +38%
3-6 wk gain +29%
-6 wk wt 23 6 wk wt -38% (10 gen.) .33
3 wk wt o%
3-6 wk gain -232

+ mature wt
+ mature wt
+ mature wt

+ mature wt

+ 12 day wt
(milk production)

+fertility

+ fertility

0 birth interval

- activity

+ 12 day wt
(milk production)

+ fertility

- birth interval

- activity

Small +6 wk wt of

dam with 3 wk wt
of offspring

+ 6 wk wt of dam
with 3 wk wt of

offspring

- litter size

+ o+

fertile matings
natural fitness
litter size

fertile matings
natural fitness

6 lines, selected for high and low
growth within litters on full
nutritional diluted diet with
control lines on each diet.

6 pairimated each generation in
each line from 6 families;

No plateau observed in either lime.

15 gm differential between the 2
lines at level of limit of
selection;

Selection for increased size less
effective than for decreased size.

Assymmetry of response between
lines selected in opposite
directions; after.23 gen., . large
lines approaching limits; repro-
ductive failure problems after 10
gen.; used control line.

01



TABLE I (Continued)

Growth traits 2 Other :
Reference Selection Number of Trait Response Realized h correlated Comments
criteria generations (direct or responses
correlated)
Frahm and
Brown (1975) +3 wk wt 14 3 wk wt +31% .17 + litter size Control lines used; replicate lines.
and Brown and 3-6 wk gain +177% + 12 day litter wt
Frahm (1975) 8 wk wt +19% + feed efficicney
(21 to 42 days
: of age)
+3-6 wk gain 14 3 wk wt . +21%
3-6 wk gain +537% .27 + litter size
8 wk wt +467% + 12 day litter wt
- feed efficiency
(21 to 42 days
of age)
Harvey (1972) +12-21 day gain 10 12-21 day gain +62% - .17 (over lines) Used control lines.
. and 451 day wt 51 day wt L4347 .27 (over lines)
+12-21 day gain 10 12-21 day gain -197%
and -51 day wt 51 day wt -26%
-12-21 day gain 10 12-21 day gain +26%
and +51 day wt 51 day wt +367%
-12-21 day gain i0 12-21 day gain ~34%
and . ~51 day wt 51 day wt -30%
Hull (1960) + 3 wk wt 5 3 wk wt + 74 When selecting for increased
&% wk wt + weight, abdominal fat weight
6 wk wt ¥ is altered.
+ 4% wk wt 5 4% vk wt + R
3 wk wt +
4% wk wt +
+ 6 wk wt 5 6 wk wt + .57
3 wk wt +
&% wk wt +
Lang and + 6 wk wt 30 6 wk wt +147 - maternal ability Conrol lines used.‘
Legates (1969) postweaning ADG + + efficiency of
growth
- 6 wk wt 30 6 wk wt ~26% — efficiency of

postweaning ADG

growth

11



TABLE I (Continued)

Growth traits 2 Other
Reference Selection Number of Trait Response Realized h correlated Comments
criteria generations (direct or responses
correlated)
LaSalle et al. -+ 3-6 wk gain 12 3-6 wk gain +547% .24 0 litter size
(1974) 42 day wt + - reproductive efficiency
56 day wt + + 12 day litter wt
42-56 day gain + (milk production)
Legates. (1969) + 6 wk wt 15 6 wk wt .13 - litter wt Assymmetry of response between
growth to 6 wks + + litter size lines selected in opposite
6-8 wk gain - + maternal per- directions; reduced fertility
formance in negative line.
+ feed efficiency R
- 6 wk wt 15 6 wk wt 42 + litter wt
growth to 6 wks + + litter size
6-8 wk gain - + maternal per-
formance
+ feed efficiency
MacArthur + 60 day wt 21 60 day wt . =747 + litter size Assymmentry of response between
(1949) - activity lines selected in opposite
- 60 day wt 21 60 day wt =477 + litter size directions; some infertility
- activity near end of experiment; many
differences in coat colors,
temperment and proportion of parts.
McLellan and + hindleg wt 7 hindleg wt (84 d.) +12% .24 + #live offspring/ Used control lines;
Frahm (1973) (84 days) 3 wk wt + 3% litter Selection more effective for
3-6 wk gain + 9% 0 maternal per- decreased hindmuscle weight.
6. wk wtr + 8% formance
. 12 wk wt +147% + X muscle
- hindleg wt 7 hindleg wt (84d.) -18% .70 + maternal per-
(84 days) 3 wk wt - 9% : formance
3-6 wk wt =247 + % muscle
-6 wk wt -17%
12 wk wt -11%
McPhee and + 8 wk wt 25 8 wk wt +35% Close symmetry at end of 25 gen.;
Neill (1976) high line mice became rapidly
- 8 wk wt 25 8 wk wt - -33% fatters; control line used.

[4)



TABLE I (Continued)

X Growth traits 2 Other
Reference Selection Number of Trait Response Realized h correlated Comments
criteria generations (direct or responses
correlated)
Rahnefeld + 18-42 day 17 18-42 dav gain +58% .18 + litter size Control line used.
et al. (1963) gain 0 maternal effect
on postweaning
growth
Sutherland + 4-11 wk gain 21 4-11 wk gain +89% .24 + feed intake Control line used.
et al. (1970) + grass efficiency
Wilson (1973) + 3-6 wk gain 8 3 wk wt + 9% + litter size Control line used.
at birth
6 wk wt +24% - + litter size
. at weaning
9 wk wt +25%
3-6 wk gain +407 .23
6-9 wk gain +307%
3-9 wk gain +38% e =
3-6 wk gain
3-9 wk gain + 2%
+ 3-6 wk gain 8 3 wk wt -1z ~+ litter size
3-9 wk gain 6 wk wt -1z at birth
9 wk wt - 8% + litter size
3-6 wk gain - 2% at weaning
6-9 wk gain =512
3-9 wk gain -137% .
, 3-6 wk gain
39 wk gain +1142% .32
Wilson et al. + 60 day wt 84 60 day wt +72% . 32 - litter size Distinct leveling response, no
(1971) at birth response last 49 generations.
- litter size ’
at 60 days
Zucker (1960) + 9 wk wt 10 Symmetry of response curves;

(rats)

9 wk wt 30% .40

observed changes in coat color
with more albinos in large lines.

€T



14

for downward selection. MacArthur (1949) and Falconer (1973) also report
assymmentry of response curves, but with greater upward response for
42-day and 60-day weights, respectively. Close symmetry of response to
selection for eight week weight was reported by McPhee and Neill (1976)
at the end of 25 generations; however, the low line had a more curvilinear
response than the high line.

There are many correlated traits of interest reported in these
studies. White and Robinson (1973) reported a significant increase in
milk yield as the result of 14 generations of selction for postweaning
- average daily gain. Falconer (1953), Legates (1969), Frahm and Brown
(1975) and others report a positive relationship between growth traits
and maternal performance. Many studies also report reproductive failures
or infertility, especially in the later generations of selection
(MacArthur, 1949; Legates, 1969; Bradford, 1971; Falconer, 1973; LaSalle
et al., 1947; and others). MacArthur, (1949) reported some physical
differences in high and low lines selected for 60-day weight such as-
coat color and proportion of parts. He also found differences in tem-—
perment had developed, with the large lines more docile and less active

and low lines wild and very excitable.

Poultry

Many experiments have been reported with chickens and turkeys
concerning selection for body weight as increased body weight at a
particular age is of great value to the turkey and broiler industries.
Table II summarizes a few of these experiments. Just as in many mice
selection exferiments, selection for high-low lines result in asymmetrical

responses (Maloney et al., 1963; Festing and Nordskog, 1967). Yamada



TABLE II

RESULTS OF SELECTION EXPERIMENTS IN CHICKENS OR TURKEYS

Growth traits 2 Other
Reference Selection Number of Trait Response Realized h correlated Comment s
criteria generations (direct or responses
correlated)
Abplanalp + 8 wk wt 7 8 wk wt +33% .43 Control line used; fair agreement
et-al. (1963) 24 wk wt +13% with expected change.
(turkeys)
+ 24 wk wt 5 8 wk wt +21% .62
24 wk wt +27% <
index ( 8 wk 7 8 wk wt +267
wt; 24 wk wt) 24 wk wt - 4%
Festingand + 32 wk wt 8" 32 wk wt W34 . + egg weight Control line used; other limes
Nordskog (1967) - i - egg production involved selected on egg wight
(chickens) = 32 wk wt 8 32 wk wt .52 + egg weight or egg production; deviation of
+ egg production the high«low lines after 8
generations; asymmetrical response.
Maloney et al.
(1963) (chickens) + 12 wk wt 10 12 wk wt +51% .34 Asymmetrical response; more
6 wk wt + 0 to + egg wt response in high line.
- 12 wk wt 10 12 wk wt -27% .07
6 wk wt 0 + egg weight

ST



16

et al. (1958) reported a selection plateau was reached after ten years

of selection for increased egg production in a closed population of

White Leghorns, with most gains occuring the first five years and genetic
variance decreasing rapidly during this time. Yamada also noted realized

gains from selection were significantly less than predicted.

Sheep

Results of ten years of selection for net merit of inbred lines of
range Rambouillets were reported by Terrill (1951). Overall merit of
lambs, based on a weanling index increased, but improvement was less than
expected from selection. Also, in spite of positive selection differentials
for body weight and fleece weight, these two traits decreased slightly
over the ten year period. No attempt was made however, to parition
eﬁvironmental and genetic effects.

Terrill (1958) also summarized the literature concerning fifty years
of progress in sheep breeding, conéluding definite gains had béen made
through selection and evén more gains were possible. He noted an average
gain in fleece weight of 1.5 pounds, a 2 to 10 percent increaée in lamb
survival and an increase in lamb 'slaughter weights during the first 50
years of this century, but realized some of these gains were partially
due to improved feeding and management practices. Terrill also observed
commercial producers of lamb and wool often seemed more aware of the
importance of selection for production traits than purebred breeders and
showring emphasis had played a major role in determining traits for
selection with oécasional emphasis on economically unimportant traits.

Responses to selection for weight per day of age‘to 170 days in

Rambouillet and Romnelet sheep were reported by Vesely and Peters (1975)
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over a five year (two generations) period. Two methods were used to
evaluate selection response; (1) difference of phenotypic regression and
within sire regression to estimate one-half the genetic response and (2)
repeat matings to monitor environmental trends. Pooling over breeds and
ﬁethods, gain in weight per day of agé was 8.15 g/generation and correlated
responses in weaning weight and postweaning gain were 2 lb/generation and
1.15 1b/generation, respectively. Realized heritabilities for weight per
day were .28 and .20 for Rambouillets and Romnelets, respectively.

Osman and Bradford (1965) investigated selection for 120 days weight
in two environments on crossbred fine wool x long wool sheep. One en-
vironment was quite harsh and the other, favorable. Nerrams:were used
each year and over the fivg year periéd of selection, realized herit--
abilities of .18 and .22 were calculated for the harsh and good environments,
respectively. Weaning weight means at both locations were very similar
each year, but there was greater phénotypic variance for weaning weight
in the favorable environment. Positive genetic correlations were reported
for 120 day weight and 450 day weight or conformation score, while small,
nonsignificant correlations were observed for 120 day weight and fleece
traits.

Traits under selection in a study reported by Ebmeier (1977) were
180 day weight and yeariing weight in Hampshire sheep. A control line
was also maintained for this sixAyear study. Realized heritabilities
were .17 and .67 for 180 day weight and 365 day weight, respectively.
Realized genetic correlations between yearling weight and birth weight,

70 day weight and 180 day weight were .64, 1.12 and 1.71, respectively,
while 180 day weight and birth weight, 70 day weight and 365 day weight

correlations were -.19, 1.94 and .64, respectively.
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Pattie (1965a,b) investigated positive and negative selection for
weaning weight for ten years in Merino sheep. Three flocks (one control
line) of 100 ewes and five rams each were maintained. In the line selected
for ingreased weaning weights, realized heritabilities were .18 for rams
and .33 for ewes, while estimates in the low weaning weight line were .23
for rams and_.22 for ewes. Also, ;eglized heritabilifies from divergence
of these lines were reported (.19 for males, .31 for females). No
significant correlations were observed between weaning weights and
reproductive traits. The realized genetic éorrelation between weaning
weight and 17 month weight (.72) indicates that selection for increased
17 month weight could be as effective for increasing weaning weight as
direct selection for weaning weight.

Pattie (1965b) also reported milk production estimates on these ewes
aqd correlations with growth traits of lambs. The oxytocin method of
ob£aining milk was empioyed, so fat, protein.and total solids not fat
content of the milk was also repérted;_ Withinvgroup correlatioqs were
significant for lamb birth weight and milk‘volume, lamb growth and milk»v
volume, pounds of protein or pounds of solids not fat and lamb weaning
weight and milk volume; however, a small nonsignificant correlation was

estimated between lamb growth and pounds of fat.
Swine

Craft (1958) summarized fifty years of progress in swine breeding.
‘He noted major points of improvement: (1) hogs reached market weights of
200 to ZZQ Ib two months younger, (2) feed required per 100 1b.gain had
decreased by 80 to 100 1b, (3) since 1924 there had been an increase of

1.6 pigs per litter at weaning and (4) improvement of hog carcasses with
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major emphasis on lean cuts. Craft, like Terrill (1958), pointed out that
some of these gains were due to improved environment as well as selection.
Fredeen (1958) summarized selectien studies done to that time in swine.
Considering Danieﬁ field records of Landrace and Large White Swine from
1926 to 1956, Fredeen reported trends for increased carcass length, belly
thickness and average daily gain and decreases in backfat and feed-efficiency
(1b feed/1b gain). Although improved environment may account.for much of
these trends, he noted the positive correlation of belly thickness and fat
thickness, but trends increased belly thickness while fat decreased, so
selection must have been at work. Fredeen concluded: (1) most selection
studies done in swine were in relation to the development of inbred lines;
(2) that most populations dealt with were small and selection was only for
a short duration; (3) most studies lacked a control line, giving question-
able precision to the estimation of genetic gain; and (4) selection was
most effective on carcass traits, intermediate reseonses noted in rate and
efficiency of growth and least effective selection for reproductive traits.
Table III presents resulte of several swine selection studies dealing
with various growth traits. 1In general, most observed responses to
.selection were less than predicted. Dickerson and Grimes (1947) found
selection'for rate of gain was nearly as effective to improve feed efficiency
as direct selection for feed efficiency and it was much easier to measure.
Another interesting conclusion of Dickerson and Grimes was dams trans-—
mitting more economic gaining ability, provide poorer nutrition during the
suckling period, thus neutralizing superiority for their transmitted

influence.



TABLE III

RESULTS OF SELECTION EXPERIMENTS IN SWINE

Growth traits Other
Reference Selection Number of Trait Response Realized h2 correlated Comments
criteria generations (direct or responses
correlated)
Cleveland + Index of 5 Index +5.8 units/gen Index = 100 + 286.6 ADG - 39.4 BF
(1978) ADG (56d to ADG +.031 1b/d/gen
175 1bs) and Backfat -.02 in/gen
backfat
Craig et al.
(1956) + 180 day wt 10 154 day wt +1.5 1b/gen(+13%)  .17(from Selection criteria 1939-1941 on
(or 154 day wt) birth wt 0 divergence) 180 day wt, 1942-43 on 150 day wt,
21 day wt + 1944-49 on 154 day wt.
56 day wt + Selection as effective in later
180 day wt +2.8 1b/gen(+197%) .16(from generations as in first; Hampshire
birth wt 0 divergence) swine:
2] day wt +
56 day wt +
- 180 day wt 8 154 day wt -5.0 lb/gen(-347%)
(or 154 day wt) birth wt 0 -
. 21 day wt +
56 day wt +
180 day wt ~4.1 1b/gen(-22%)
birth wt 0
2] day wt +
56 day wt +
Dettmers - 140 day wt 10 birth weight -147% 0 litter size Minature pigs for research purposes;
et al. (1965) 56 day wt -23% .11 . predicted response over 1l years
140 day wt -29% 41 greater than actual, but last 7
. years predicted and actual response
similar; no indication of selection
plateau.
Dettmers -140 day wt 17 140 day wt -34%(in last .67 + litter size Continuation of above study;

et al. (1971)

9 generations)

produced response greater than
actual; decrease in litter size
may be attributable to inbreeding.

0¢



TABLE III (Continued)

Growth traits 2 Other
Reference Selection Number of Trait Response Realized h correlated Comments
criteria generations (direct or responses
correlated)
Dickerson and + feed require- 5 feed/10C 1b gain +11.8 1b/gen + days on feed Line selected for decreased feed
Grimes (1974) ments (72d to ADG — requirements visiably fatter, more
225 1b) birth wt —_ active and excitable; Duroc swine.
72 day wt —
- feed require- 5 feed/100 1b gain =8.6 1b/gen + days on feed
ments (72d to ADG —
225 1b) birth wt -—
’ 72 day wt _

Fine and +154 day wt and 7 . 154 day wt + 1% .20 Minn. 1 and Minn. 2 swine;

Winters (1953)  + market score market score +7.5% .20 increase in inbreeding of 3.2%/yr;
amount of selection not sufficient
to affect inbreeding effects.

Freeden + gain birth 9 gain +1.32 1b/gen - age at 200 1b Lacombe swine; control line used

(1977) to 200 1b backfat - .24 in/gen - fat and replicate lines.

+ index
- backfat at 9 gain -3.52 1b/gen - age at 200 1b
200 1b backfat - .79 in/gen ~ index
Index (of above. 9 ‘gain .6% - age at 200 1b
2 traits) backfat -1.8%
Krider et al. + 180 day wt 4 birth wt + 92 Hampshire swine; selection on 180
(1946) — ~  (or +150 day wt) 21 day wt +162 day wt, 1939-1941 and on 150 day
56 day wt -10% wt, 1942-1943; responses less than
150 day wt -132 .16 expected; selection was effective
180 day wt - 9% .19 in changing mean level of per-
formance between the lines; yearly
- 180 day wt 4 birth wt + 12 effects a big influence.
(or -150 day wt) 21 day wt +112
56 day wt -26%
150 day wt -27%
180 day wt -25%

1¢



TABLE III (Continued)

. Growth traits 2 Other
Reference Selection Number of Trait Response Realized h correlated Comments
criteria generations (direct or ’ responses
correlated)
Rahnefeld + postweaning ADG 7 postweaning ADG + 9% .126 + litter size Lacombe swine response only 33% of
(1971) (42d to mkt wt) predicted; control line of Yorks;
no indication of decreased genetic
variance.
Rahnefeld + postweaning ADG 9 weaning wt .07 1b/gen(+7%) Lacombe swine; response in weaning
(1973) feed efficiency 1.3 1b/gen(-1%) wt 3.1% of predicted, in feed
(1b feed/ 100 1f efficiency 10% of predicted.
gain)
Rahnefeld and + postweaning ADG 11 postweaning ADG .03 1b/d/gen .203 Lacombe swine; response 61% of
Garnett (1976) birth wt 0 predicted..
preweaning ADG +
weaning wt +
Garnett and + postweaning ADG 11 postweaning ADG + number born Companion paper of one above.
Rahnefeld (1976) birth weight 0 number born alive

number weaned

I +oo0co0o

gestation length

preweaning mortality

(44
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Results of Selection Experiments

in Beef Cattle

There are probably more difficulties in carrying out selection
experiments in beef cattle than any other livestock species because of
longer generation intervals and the cost of maintaining the large
populations necessary to reduce sampling errors and chance deviations
in gene frequency. Because of time, 1and.and monetary investment necessary
to properly conduct a selection study, few such studies have been carried
out in beef cattie. Also, for many yéars, beef cattle objectives were
poorly defined or were éonstantly changing as dictated by the industry
making it difficult to define experimental selection criteria. Consequently,
many studies reported in the literature were not specificallyfdesigned to
evaluate selection; however, in spite of all these problems, there are
many reports that supply valuable information documenting changes due to
selection. A summary of many of these studies is presented in Table IV.

.Many studies investigated selection and inbreeding in combination
(Brinks et al., 1961; Armstrong et al., 1965; Hornbeck and Bogart, 1966;
Nwalakor et gl., 1976;_and others). Generally; these studies show that
inbreeding has a detrimental effect on progress realized from selection.
Nwalakor et al. (1976) estimated phenotypic and genetic trends in weaning
weight of Hereford cattle as -.76 and +2.59 1b/yr, respectively, in inbred
lines, but when adjusting for inbreeding effects, these trends increased
to +.78 and +4.13 1b/yr, respectively. Inbreeding levels in this study
ranged from 21.8 to 33.1 percent.

Other reports dealt with multiple trait selection or trends in
herds with no particular selection criteria given (Armstrong et al., 1965;

Flower et al., 1964; Vanmiddlesworth et al., 1979; and others). Progress



TABLE IV

RESULTS OF SELECTION EXPERIMENTS IN. BEEF CATTLE

Reference Selection Number of Number of Breed? Trait Responseb Correlated Realized hz Comments
criteria years calves responses
Anderson + Yrl wt 11 Sh Yrl wt +9.81 1b/yr + birth wt .50 bulls Used control line;
et 2l1.(1974) : Yrl wt bulls . + postweaning .39 heifers replicated at 2 locations
+6.17 1b/yr ADG primary genetic change
heifers + wn wt in rate of postweaning
0 carcass traits gain to increased yrl wt.
Armstrong Multiple traits 17 785 inbred He Wn Wt + .44 1b/yr genetic and pheno- Inbreeding over 30%;
et gl.(1965) in inbred lines 77 control Wn score + .02 units/yr typic correlations + selection differential
Final grade + .05 units/yr + and high for most for all traits; strong
Sizeable negative changes wn and post wn + environmental trends;
in all traits traits. i genetic trends - for
B all traits but feed
efficiency.
Bailey + Post wn gain 12 1488 (total He Post wn gain +2.01 1b/yr .78 Replicated at two
et al.(1971) in study) Feed efficiency- + .51 /yr locations; generation
Yrl conf + .62 units/yr interval 4.57 to 4.97
+ Feed efficiency 12 Post wn gain + .34 1b/yr yr; average inbreeding
(gain/TDN) Feed efficiency + .09 /yr .52 2%; response based on
Yrl conf + .06 units/yr regression or dam birth
+ Yrl conformation 12 Post wn gain - .13 1b/yr yr.
Feed efficiency + .02 /yr
Yrl conf - .05 units/yr 0
Barlow + Yrl gain First An Yrl gain + birth wt Used control line; all
et gl.(1978) (birth to yrl) generation + pre wn gain sires replaced each year ;
results + post wn gain 56.4% of yrl wt response
+ yrl wt accounted for by changes

in preweaning ADG;
divergences for most
measures of growth and
skeletal sire significant;
yrl wt divergence 44 1b.

%7t



TABLE IV (Continued)

Reference Selection Number of Number of Breed® Trait Responseb Correlated Realized h2 Comments
criteria years calves " responses
Benson Index (+ yrl wt 8 387 He Birth wt + .24 ; -1.26 1b/yr Environmental trends est.
et al.(1972) per day of age; (from carcass Wn wt -2.98 ; +3.06 1b/yr by repeat matings; magni-
- backfat per CWT) lines) Final wt () +16.34 ; +46.85 1b/yr tude of responses usually
?qually weighed Yrl wt/day ’ greater than anticipated.
in standard mea- of age ( ) ¥ .04 ; + .03 1b/yr
sure Fat thickness ( ) + .03 ; + .0l in/yr
: Yrl wt () + .35 ; -6.64 1b/yr
550 day wt ( ) +1.26 ; -1.87 1b/yr
Brinks et al. + Weights.and gain 25 2027 He Birth wt .38 ; .37 1b/yr - Generation interval 4.93
(1961 & 1965) + gain with some Wn wt 2.4 ; 1.2 1b/yr yr; responses as large
emphasis on con- Feed test gain —— ; .81 1b/yr or larger than expected
formation in Large + phenotypic response in all from selection; environ-
closed lines traits except post wn gain for heifers mental trends est. by
.repeat matings; increased.
- inbreeding detrimental
effect on all traits
studied.
Chapman + Wn wt 7 Polled Birth wt +.24 1b/yr .33 Control line used; gener-
et al. (1969 He Wn wt -8.3 1b/yr ation interval 5.4 yr; no
& 1972) Wn score + .01 units/yr selection in females; no
Gain to wn -9.0 1b/yr partitioning of genetic
+ Post wn gain 7 Birth wt +1.06 1b/yr .54 and environmental trends;
Wn wt -13.4 1b/yr wn wt and ADG lines con-
Wn score +. .10 units/yr sistently outperformed
Gain to wn -14.3 1b/yr type line.
+ Yrl type score 7 Birth wt +1.19 1b/yr
Wn wt -6.2 1b/yr
Wn score + .15 units/yr
Gain to wn ~7.6 1b/yr
Chevraux & + post wn growth 19 414 records He Wn wt +7.23 1b/yr + feed efficiency Continuation of study re-
Bailey (1977) rate- to wn - (gain/TDN) - ported by Bailey et al.
(closed line) on 390 records Post wn gain 49.53 1b/yr .35 (1971); 3.24 generations
140 day test to yrl of selection; inbreeding

increased from 1.5% in
1956 to 18.1% in 1974
calves.

¢C.



TABLE IV (Continued)

Reference Selection Number of  Number of Breed? Trait Responseb Correlated Realized h? Comments
criteria years calves ’ responses
. . R Used maternal and pater-
Py e i S
> between years to adjust
for environmental trends.
Flower Multiple trait 8 550 He Birth wt -1.04 ; .64 1b/yr 4.03 yr generation inter-
et al.(1964) plus progeny Wn wt -4.,9 ; 4.9 1lb/yr val; used repeat matings
test to est. environmental
trends.
%i;:AEE&El- + Wn wt (WWL) 10 2956 He Birth wt + .88 1b/yr + correlations in Generation interval 4.6
1974b) Wn wt . +1.1 1b/yr all traits in all yr; bulls used as 2 yr
Yrl wt (bulls) -3.5 1b/yr lines except muscling olds; ave. annual
Yrl wt (heifers) +7.9 lb/yr score in WWL selection differential
+ Yrl wt (YWL) 10 Birth wt + .88 1b/yr WWL + 9 1b, YWL + 16 1b,
Wn wt + .9 1b/yr IL + 12,5 1b and + .5
Yrl wt (bulls)™ =-6.871b/yr units.
Yrl wt (heifers) +6.4 1b/yr
Index (+ Yrl wt 10 Birth wt +1.10 1b/yr
and + muscling Wn wt +1.1 1b/yr
score) Yrl wt (bulls) -4.6 1b/yr
(1L) Yrl wt (heifers) +10.1 1b/yr
Koch (1978) + Wn wt 8 377 heifers He + age adj. rate Heifers fed for 252
(random sample of gain days post wn.
+ Yrl wt from the 3 lines) + % wt adj retail
or index (of product
+ yrl wt and + % bone
+ muscling score) - fat trim %
+ carcass wt
+ rib eye area
+ fat thickness

marbling

9t



TABLE IV (Continued)

.~
Reference Selection Number of Number of Breed® Trait Responseb Correlated Realized h2 Comments
criteria years calves responses
Nelms and + Wt at end of 12 He Birth wt +.66 1lb/yr Generation interval 4.29
Stratton 168 day post wn 180 day wt +1.5 1b/yr yr; average inbreeding
(1967) feed test Post wn ADG +.02 1b/day/yr 11%; actual gains for 180
Final wt +5.6 lb/yr day wt, ADG and final wt
less than expected; annual
selection differental for
final wt 13 1b; no est of
genetic trends.
Newman + Yrl wt 10 Sh Yrl wt (bulls) +25.7 ; +9.8 lb/yr .50 Used control line; accum-—
et al.(1973) ¥Yrl wt (heifers) +18.4 ; +6.2 1b/yr .39 © ulated annual selection
differential last 6 yr
25.6 1b for bulls and
18.4 1b for heifers;
. cattle at two locations.
Nwalakor Inbred and 26 1534 inbred He Wn wt (inbred) ~.76 ; #2.59 lb/yr Inbreeding to 33.1% in
et al.(1976) line crosses 1874 line Wn wt (inbred adj +.78 ; +4.13 1lb/yr calves and 21.87 in dams;
selected on crosses for inbreeding) environmental trends est.
age and weight Wn wt (line +1.27 ; +4.62 1b/yr from repeat matings; most
crosses) improvement last 2/3 of
the study.
Scarsi et al. 4 inbred and 17 An Wn wt range —; -2.6 to +5.0 1lb/yr Environmental trends by
(1973) 2 single trait He Wn wt range —; ~6.3 to +3.7 1b/yr adding and accumulating
selection 'lines; Sh (inbred lines) deviations between con-
growth rate or secutive yr to base yr;
conformation for all selection lines ex-
each breed and cept. the type line showed
one He line on + phenotypic and genmetic
index of type and changes for wn wt.
conformation
Stanforth + Wn wt (WWL) 9 827 He Wn wt +8.3 1b/yr + birth wt © .43 Earlier report of data in
(1974) Yrl wt +10.1 1b/yr + post wn ADG present study; generation
+ Yrl wt (YWL) 9 Wn wt +7.6 lb/yr + wn conformation .53 interval 4.07 yr; cumula-
Yrl wt +15.4 1b/yr tive selection differen-

tials WWL + 98.2 1b, YWL
196.4 1b.

Lt



TABLE IV (Continued)

Reference Selection Number of Number of Breed? Trait Responseb Correlated Realized ‘n2 Comments
criteria years calves responses
Vanmiddlesworth No particular 2415 An Birth wt + .02 ; - .07 lb/yr Trends of the cattle
et al. (1979) selection 120 day wt + .66 ; +1.08 1b/yr raised at the experi-
: criteria 1205 day wt + .84 ; + .24 1b/yr ment station; environ-
given 240 day wt +1.39 ; - .90 1b/yr mental trends est. by
360 day wt +4.81 ; +1.28 1b/yr repeat sure method.
Willms + Growth 15 to 20 He Pre wn ADG (He) —; +.007 lb/day/yr Environmental trends est.
et al.(1980) Beef Wn wt (He) —; +.22 1b/yr by repeat matings; no
Synthetic Post wn ADG (H —; +.003 1lb/day/yr selection in females;
(BS) Yrl wt (He) —; +2.87 1b/yr environmental trends +;
Dairy 18 mo wt (He) —; -10.1 1b/yr more progress in
Synthetic  Pre wn ADG (BS) —; +.017 1b/day/yr synthetic lines.
(ps) Wn wt (BS) —; _1.98 1b/yr
Post wn ADG (BS) —; +.057 1lb/day/yr
Yrl wt (BS) —; +14.8 1b/yr
18 mo wt .(BS) —; -9.3 1b/yr
Pre wn ADG (DS) —; +.020 1lb/day/yr
Wn wt (DS) —; +2.87 1b/yr
Post wn ADG (DS) —; +.048 1b/day/yr
Yrl wt (DS) —; +15.0 1b/yr
18 mo wt (DS) —; -8.8 1b/yr
%He = Hereford, An = Angus and Sh = Shorthorn.
bFitst listing or only listing is phenotypic trends; second listing or listing following "—;" is genetic trend.

8¢
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in many growth traits was realized through selection, although selection '
criteria was not clearly defined or constant, indicating positive genetic

correlations between many economically important traits in beef cattle.

In studies where genetic trends are estimated, the majority have
used the repeat matings technique to estimate environmental trends‘(Brinks
et al., 1961; Flower et al., 1964; Benson et al., 1972; Willms et al.,
1980; and others). Fahmy and Lalande (1973) estimated environmental
effects by using maternal and paternal half sib differences between years
while Scarsi et al. (1973) added accumulating deviations betweeﬁ consecutive
years to the base year as an estimate of environmental trend. Few studies
have maintained a control liné to moniter environmental flucuations
(Newman et al., 1973; Anderson et al., 1974; and Barlow et al., 1978).

Some studies specifically designed to estimate response to selection
for various growth traits merit further discussion. Brinks et al. (1961
and 1965) evaluated changes in closed lines of Hereford cattle over a
26 year period. Selection was for increased weights and gains with some
emphasis on conformation. Large, positive phenotypic responses were
observed in all traits except postweaning gain in heifers. Both genetic
and phenotypic trends were as large or larger tﬁan anticipated response
based on parameter estimates and indexes. Selection pressure was much
) greater on the sire side (top 187 of the population selected) than the dam
side (fop 897% selected). Selection indexes in retrospect were calculated
as follows for sires (IS) and dams (ID), respectively: I, = .21 birth
weight + .13 weaning weight + .26 weaning score + 1.20 final weight and
ID = .01 birth weight + .14 weaning weight + .11 weaning score - .16

yearling weight + .39 18-month weight + .08 18-month score - .11 mature

fall weight + .03 producing ability.
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NeWmaﬁ et al. (1973) and Anderson et al. (1974) based selection solely
on yearling weight for 10 years in two replicate herds of Shorthorn cattle
from 1958 to 1969. Cumulative selection differentials were calculated by
adding the mean cumulative selectidn'differential of all parents of a
contemporary group to an individual's own deviation from that group in
contrast to the method used by Pattie (1965) in which the average of the
individual's parents selection differential was added to the individual's
deviation. Mean cumulative selection differentials realized through the
10 years of the study were 150.7 and 127.7 1b for sires and dams, respect-
ively. Positive genetic increases were observed in yéarling weight;
however, although appreciable, these genetic increases only-accounted
for 40-45% of the total phenotypic increase in yearling weight. There
were significant, positive correlated responses in birth weight and
postweaning gain. Response in weaning weight, although not significant,
was also positive.

Koch et gl.v(1974a,b) summarized the first 10 years of selection in
three lines of Hereford cattle (150 cows and 6 sires per line) selected
for weaning weight (WWL), yearling weight (YWL) or an index of yearling
weight and muscling score (IL). Buchanan (1979), working with the same
sfudy, présented results through 1977 after 17 years or 3.7 generations
of selection. Bulls were used first at two years of age and remained in
service for three years. Selection intensity was quantified (1) as
average annual selection differentials and (2) as accumulated selection
differentials. Comparisons of actual with potential selection differ=-
entials (Koch et al., 1974a,b) showed from 77 to 97% of potential
selection opportunity realized in bulls and 50 to 71% achieved in heifers,

while Buchaﬁan's (1979) estimates increased to 86 to 95% in bulls and
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62 to 747 in heifers with the additional seven years of selection.
Buchanan (1979) also reported sire (IS) and dam (ID) indexes in retro-
spect with their selection differentials per generation (AI) in standard-

measure. In the three lines, indexes were as follows:

IS(WWL): AT = .22 birth weight + .65 weaning weight + .32
- yearling weight + .01 muscle score = 1.65
ID(WWL): AI = .09 birth weight + .84 weaning weight + .12

yearling weight + .07 muscle score = .44
IS(YWL): AL = .07 birth weight - .05 weaning weight + 1.00
: yearling weight - .01 muscle score = 1.80
ID(YWL): AT = .17 birth weight + .26 weaning weight + .68
yearling weight + .10 muscle score = .34
IS(IL): Al = .16 birth weight + .15 weaning weight + .40
i yearling weight + .62 muscle score = 1.85
1,(IL): AL = .21 birth weight + .09 weaning weight + .77

yearling weight + .13 muscle score = .43

Response to selection was estimated by five methods: expected genetic change
base& on paternal half-sib analysis of covariance, intra-year regression

on generation coefficient, intra-year regression of progeny on midparent
cumulative selection differentials and expected genetic change based on
both intra-line and inter-line regressions of offspring on midparent in an
unselected population. Average estimated response (over methods and in
standard deviation units per generation) in WWL, YWL and IL were, respect-
ively: .23, .17 and .15 in weaning weight; .36, .43 and .33 in yearling
weight and -.03, .0l and .24 in muscling score for the first 10 years.
Buchanan (1979) reported average estimated responses (in standard measure.
per generation) for WWL, YWL and IL as: .19, .22 and .15 for birth weight;
.17, -.03 and .30 for weaning weight; .13, -.06 and .26 for preweaning gain;
.42, .13 and .19 for postweaning gain; -.07, -.29 and .00 for muscle‘score

and .29, -.06 and .37 for yearling weight, respectively.
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Stanforth (1974) in preliminary analyses of selection lines that
are the subject of this dissertafion, quantified selection pressure and
estimated response to selection in two lines of Hereford cattle selected
for weaning weight (WWL) or yearling Weight (YWL) from 1964 to 1973.
Generatiqn intervals averaged 4.09 and 4.06 years in WWL and YWL, respectively.
By 1973, an average of 1.98 and 2.12 generations of selection had been
practiced in the two lines, respectively. Cumulative selection differentials
to that time were 98.2 1b for weaning weight in WWL and 196.4 1b for
yearling weight in YWL. Male cumulative selection differentials accounted
for 80% of total midparent cumulative selection differential for weaning
weight in WWL and for 837% of total midparent cumulative selection differ-
ential for yearling weight in YWL. Progeny test data indicated sires
from the 1970 calf crop had breeding values for weaning weight and yearling
weight that were 58 and 108 1b, respectively, superior to bréeding values
of foundation sires. In YWL, breeding vélue of new sires wefe superior to
Breeding valuesvof repeat sires for all traits except birth weight, while
in WWL, breeding values of new sires were generally inferior to.breeding.

values of repeat sires.

Genetic Parameters in Beef Cattle

Estimates of heritability and correlations are numerous in the
literature. Workers at Texas A & M Univeréity have summarized these
statistics for beef cattle (Woldehawariate et al., 1977) and Tables V
an@ VI are constructed from information reported in that publication.
Averages (and ranges) of heritability estimates for the ten traits are:
birth weight .45(-.29 to .94); preweaning average daily gain .30(f.34 to

.63); weaning weight .24(-.06 to .71); weaning conformation score



TABLE V

(Woldehawarite et al., 1977)

SUMMARY OF HERITABILITY ESTIMATES FOR GROWTH
AND CONFORMATION TRAITS IN BEEF CATTLE

Weight=d regression and

- Regression Regrassion Paternal half sib Patcrnal half_sib
Trait Unweightedzx Enweightedzk weighted X unweighted Xz _ Ayﬁigbsﬁé,ﬁ,_,g weighted paternai half sib

Yo, h ho. h No. h No. h No ANO h
Birth wt 84 .39 7 .38 7 42 58 £9 68 18 W45 45
Preweaning ADG 70 .25 8 .04 8 .06 54 .28 54 3 .33 L3
Weaning wt 103 .31 11 .31 11 .13 72 .32 72 16 .26 .25
Weaning conf. score 61 .35 11 .25 11 .24 4] .38 41 14 &2 + .38
Feadlot gain , 44 45 7 53 7 47 36 N 36 9 .32 .34
Pasture gain 18 .34 4 26 4 .21 19 .36 10 15 .34 .36
Final feedlot wt 37 .47 8 .46 8 44 28 47 28 9 W47 .46
Yearling pasture wt 21 .39 1 43 — — 18 .38 8 14 YA KA
Final feedlot comf. 18 .35 4 .22 4 18 12 A5 12 NAd 46 .36

score

Yearling pasture 15 .28 3 .15 3 .16 9 .32 9 11 .36 30

conf, score

a

Average estimate used as appropriate.

b .

“Weighted by number of'offspring estimated per

c . .
Average unumber of offspring per sire.

d
Not available

method.

€€



-SUMMARY OF CORRELATION ESTIMATES BETWEEN VARIOUS TRAITS IN BEEF CATTLE

TABLE VI

(Woldenhawariate et al., 1977)

. No. of . Overall averagea Weighted.averageb
Traits studies r N ANO . .
P g P g
Birth wt - preweaning ADG 21 .23 .33 20 .23 .34
- weaning wt 26 .37 .55 21 .38 .54
- wn conformation 13 .10 -.06 17 .15 .33
- wn condition 3 .12 -.37 21d .12 -.37
- feedlot gain 9 .30 .48 NA .28 .51
- final feedlot wt 13 v .62 12d .43 .60
- feedlot conformatien 2 .16 .12 NA .15 .07
- feedlot condition 1 .15 1.10
- pasture gain 1 .17 .43 d
- final pasture wt 2 .58 .67 NA™ .49 .63
- pasture conformation 1 .17 .23
Preweaning ADG - weaning wt 21 .97 .95 17 .98 .99
- wn conformation 13 .39 A4l 22 34 .35
- wn condition 3 .48 .86 18d 47 .88
- feedlot gain 8 .13 .18 NAd 12 .22
- final feedlot wt 8 .68 .65 NA .69 .67
~ feedlot conformation 1 .39 1.29
- feedlot condition 1 .32 .86
- pasture gain 1 - .13 .49 d
- = final pasture wt 2 .66 .74 NA .64 W72
" - pasture conformation 1 .23 : -.04
Weaning wt - wn conformation 23 .37 .17 13 .40 .24
- wn condition 16 .16 42 11 .16 .32
- feedlot gain 18 .68 .73 11d .70 .71
- final feedlot wt 6 .23 .16 NA .20 .12
- feedlot conformation 7 .05 .02 14 .20 -.06

¢



TABLE VI (Continued)

, No. of -+ Overall averagea Weighted averageb
Traits studies c r ANO® r r
P g P g
- pasture gain 5 .51 . .46 12 .64 .67
- pasture conformation 11 .15 -.07 9d .20 .02
Wn conformation - feedlot gain 7 -,01 .11 NAd .00 .17
- final feedlot wt 7 .29 .28 NAd .30 .33
- feedlot conformation 5 42 .64 NA .40 .68
- pasture gain 6 -.13 -.05 12 .13 .02
- final pasture wt 6 .13 ~.08 10 .21 .03
- pasture conformation 8 -39 .57 14 .35 .56
Feedlot gain - final feedlot wt 17 .72 .78 11d .74 .82
- feedlot conformation 5 .39 .33 NAd‘ .40 .34
Final feedlot wt — feedlot conformation 6 .37 .25 NA: .41 .34
Pasture gain - final pasture wt 4 .61 .83 13 .63 .81
. = pasture conformation 6 .18 .15 10 .24 .27
Final pasture wt - pasture conformation 6 .28 .08 10 .40 .30

a
b

Average over studies.
Average taking number of.offspring per study into cqnsideration.
€ANO = average number of offspring per sire.

d . . .
NA = estimate not available.

<€
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.38(.00 to .71); feedlot gain .38(-.08 to .88); final feedlot ﬁeight
.46(.03 to .92); feedlot conformation score .36(.07 to .92); pasture gain
.30(.08 to .57); pasture yearling weight .44(.04 to .83; and pasture
conformation score .30(.00 to .85). Table V summarizes heritabilty
estimates of the above ten traits by various methods. Because of the
number of correlations among these ten traits, average phenotypic and
genetic correlations are reported in Table VI.

In generél, available information indicates few antagonistic genetic
relationships between economically impértant traits. Mostly positive
genetic correlations are reported between growth rates at various stages,
growth rate and feed efficiency, growth and carcass traits and between
growth rate and méture size. However, not all of these relationships
are févorable, for example increased calving difficulty is associated
with heavy birth weights and feed requirements increase as cow size

increases.
Maternal Influences on Growth

Growth of a calf from birth to weaning is influenced by its own geno-
type for growth plus the environment it is raised in. The environmental
component is complicated by maternal environment supplied by the dam.-

Maternal effects exist, either as maternmal genetic or permanent

environmental variances, so knowledge of the genetics of maternal effects
is necessary when evaluating responses to selection for traits such as
weaning weight.

Koch and Clark (1955) reported the phenotypic correlations between
dams weaning weight and weaning weights of her progeny, and progeny pre-

weaning average daily gains as .06 and .03, respectively. Boston et al. (1975)
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found similar correlatiéns in analyzing 2030 Angus and 548 Hereford
records of .15 to .20 for dam weaning weight and mean progeny weaning
weight. Kress and Burfening (1972) reported the correlation--in Hereford
cows between cow 180-day weight and MPPA as .15, while Christian et al.
(1965) found a .07 phenotypic correlation between dam weaﬁing weight and
progeny weaning weight. All are small, but positive correlationms.

Willham (1972) developed and discussed formulas evaluating the
fraction of the selection differential realized if various genetic com-
ponents are included. If direct (G), maternal (Gm) and phenofypic (P)

. effects are included, the fraction realized if selection is based on

calf phenotype is (Var(G) + 3/2 Cov(GGm) + 1/2 Var(ém))/Var(P). In-
cluding grandmaternal effects (Gn), the fraction becomes (Var(G) + 2/3
Cov(GGM) + 5/4 Cov(GGn) + 1/2 Var(Gm) + 3/4 Cov(GmGn) + 1/4 Var(Gn))/
Var(P). From these formulas, selection for traits effected by maternal
and grandmaternal components can be increased if the associated covariance
terms are positive. However, the literature generally reports negative
covariances between direct and maternal genetic effects.

It haé been hypothesized that there is an alternating generation
phenomena for weaﬁing weight in beef cattle. Heifers raised by heavy
milking dams are detrimentally effected by this good ﬁutrition and in
turn supply poor maternal environments fo their‘calves; however, heifers
of this second generation raised under poorer milking conditions of their
dams produce heavier calves at weaning; thus the alternatiﬁg generation
effect. The basis of this hypothesis is suggested by reported genetic
antagonism between calvés preweaning performances and maternal effects.
Christian et al. (1965) reported negative correlations between dam

weaning weight and milk production (-.10 to -.20) and butterfat production
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(-.18 to -.27).

Negative covariances between direct genetic and maternal genetic
effects for many preweaning traits have been reported in the literature.
Vesely and Robison (1971) reported negative covariances between direct

and maternal effects for weaning weight, weaning type score and birth

weight in 1962 Hereford cattle. KoCh and Clark (1955) found negative
correlatioﬁé (-.65 to —-.68) be£ween direct and maternal effects on pre-
weaning gain and Deese and Koger (1967) réported a near zero eovariance be-
tween direct and maternal éffects in purebfed>Brahman cattle, but it was neg-
ative and contributing 30% of the total variance in Brahman-Shorthern crosses.

A negative correlation (-.28) between direct and maternal effects
for weaning weight in Hereford cattle was found by Hohenboken and Brinks
(1971). Brown et al. (1978) in an extensive analyses of 3220 Angus
records, included grandmaternal effects in their model. Genetic correlations
betweep direct and maternal effects were -.51 for birth weight and —.26
for weaning weight. The correlations for the two traits between direct
and grandmaternal’effects were .93 and -.12, while direct-matefnal
environmental correlations were .14 and -.55 for birth weight and weaning
weight, respectively. Brown et al. (1978) suggested an alternate géneration
phenomena because of thé pattern of negative covariances for direct-
maternal effects and maternal-grandmaternal effects coupled with positive
covariances for direct-grandmaternal effects.

According to Koch's (1972) review article, available estimates of
genetic correlation between maternal environment and individual growth
potential for weaning weight are all negative, averaging -.50 and direct-
maternal correlations for preweaning gain are also negative. Kress et al.

(1979), from 13,682 records on Simmental sired calves, reported the
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correlation of direct-maternal effects for weaning weight as -.68. This
would reduce the portion of the selection differential realized by 56%
when selecting for weaning weight.

Mangus and Brinks (1971) divided Hereford heifers into three groups
based on their own weaning weight and then studied these heifers' progeny,
grand progeny and great grand progeny. The high group's calves were.
lowest in weaning weight, grand offspring again highest and last generation
backvto being the lightest at weaning, again indicating high preweaning
nutritional levels have detrimental effects upon cow productivity. The
medium weight group did not change appreciably through the three generations
while the low group came nearly to the level of the medium group in genera-
tion two and remained relatively constant in generation three. These
workers also reported heifers 6ut of two-year-old cows subsequently pro-
duced heaviér calves.at weaning than heifers out of mature cows, indicating
lower levels of milk from young dams that are genetically superior for
milking ability are beneficial to future productivity of heifers they
produce at a young age. They also conclude that the low correlation of
heifer's weaning weight and her subsequent productivity indicates heifer
weaning weight is a poor criteria for selection to improve coﬁ productivity.

Van Vleck et al. (1977) looked at theoretical respomnses to selection
for weaning weight by various methods and derived formulas to estimate re-
sponse. Their results suggested that if the antagonism between direct and
maternal effects is genetic, long term response to selection for weaning
weight can be enhanced by selecting bulls for direct genetic values and
selecting heifers for maternal values, using performance of other relatives
as aids to selection. |

The literature supports the idea of a negative covariance between



40

direct and maternal effects for preweaning growth in beef cattle. If these
estimates are real, they decrease the effectiveness of selection for
progeny weaning weight when using dam weaning weight as the selection

c¢riteria.
Summary of Literature Review

Evidence accumulated to date in laboratory and livestock species
indicates differences among animals in most economically important traits,
especially growth traits, are, to a considerable extent, genetic and
selection for these traits would be expected to be effective in improving
net merit of these species. Selection experiments have demonstrated
reasonably rapid response for traits of moderate to high heritability in
laboratory species and poultry, and varyiné degrees of response in swine
and cattle. The majority of selection studies with cattle have relied on
time trends to partition genetic and environmental components, with very
few utilizing control lines.

Studies with beef cattle, in general, have shown:

(1) Favorable relationships between pre- and bostweaning

traits, making correlated responses possible and indicating
various selection schemes can be effective in improving
net performance. However, some correlated responses
such as increased birth weights and mature weights
may not be desirable.
(2) Geﬁeration intervals range from 4.03 to 5.40 years.
(3) Positive selection pressure can be achieved for
measures of pre- and postweaning traits.

(4) Genetic changes per unit of time are not large,
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but positive response can be realized and because of
the cumulative effect of.selection, these changes can
be substantial”over a period of time.
Evidence indicates selection can be an effective tool in improving

performance of beef cattle.



CHAPTER III
MATERALS AND METHODS
The Cattle

Data used in this study were collected from 1964 to 1979 as part
of the Beef cattle Breeding project (1256) at the Oklahoma Agricultural
Experimenf Station. Performance records of 1273 purebred Hereford calves,
239 selected Hereford cows and 57 selected Hereford bulls were analyzed.
In addition, records of 723 purebred Angus calves, 126‘Angus cows and 31
Angus bulls were also analyzed from an unselected controljline. Project
1256 was initiated at the Southwest Livestock and Forage Research
Station in the early 1960's to measure direct and correlated response to
selection for weaning and yearling weight in Hereford and Angus cattle.
Foundation animals were assembled in 1960 and cows were randomly allocated
to lines for the 1963 breedihg season. Foundation females originated from
several herds in the southwestern and midwestern United States. Hereford
foundation ;ows.originated from 16 sires, while Angus females were pro-
geny of 30 sires. Foundation sires of each breed came from several sources
with 10 sires representing Herefords and 25 sires representing Angus.
These foundation sires were used from 1963 through 1966 in the Angus lines.
In these breeding seasons, foundation sires were bred to cows from all
selection lines within a breed. All lines were closed prior to 1967 and
1968 for Hereford and Angus lines, respectively, with all breeding stock

selected on an intraline basis. The design of the selection project is

42
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given in Table VII. Since only data from the two Heréford lines
and Angus control line were utilized in this study, the remainder of
discussion will deal specifically with only these lines; however,
general procedures were similar for all lines, regardless of breed.
Replacement breeding animals were selected on the basis of heaviest
individual 205-day weaning weight in one line (WWL) and heaviest indi-
vidual 365-day (bulls) or 425-day &h;ifers) yearling weights in the
other line (YWL). Tables VIII and IX present number of calves with pre-
weaning and postweaning records for WWL and YWL, respectively, along
with actual number of selected individuals on an annual basis. An

animal was considered "

selected" if it produced at least one offspring
in the selection line.

Each year two bulls were selected from each Hereford line along
with an alternate based upon the respective selection criterian. Selected
bulls were used two years, then discarded. Thus, four bulls were used per
line per year, two being used for the first time and fhe other two being
used for their second year. Bulls were used first as two-year-olds
through the 1970 ﬁreeding season aﬁd as yearlings in subsequent years.
No Hereford bulls were selected from the 1969 calf crop because of this
procedure change to the use of yearling bulls. The only time an alter-
nate Hereford bull was used occured during the 1972 breeding season in
thg YWL. Three bulls from WWL and YWL were selected from the 1976 and
1977 calf crops, so that an independent comparison between the lines
could be made. The 1979 calf crop was produced by randomly mating these
selected bulls to a group pf Angus cows. Over the 15 year period, 28
and 29 Hereford bulls were selected from the WWL and YWL, respectively

ana used in these lines.



TABLE VII

DESIGN OF THE BEEF CATTLE SELECTION EXPERIMENT

Line o ' WWL YWL WWL . YWL CLb WWL -
Breed?® , H H A A A A
Number cows per line 50 50 50 50 50 50
Trait selected: _

weight at specified age 205 365 205 365 - 205

selection criteria® I I I I - I/Pd
Number of bulls selected ) d

per year 2 2 2 2 2 5/2
Number of years bulls used 2 2 2 2 2 2
Number of heifers selected ,

per year ‘ 10 10 - 10 - 10 10 10

H = Hereford, A = Angus.

=

Unselected control line.
I = individual, P = progeny.-

A0

Top five bulls selected on individual performance and two were subsequently selected on
progeny performance.

7%



NUMBER OF CALVES WITH PREWEANING AND POSTWEANING RECORDS

TABLE VIII

AND NUMBER SELECTED IN THE WEANING WEIGHT LINE (WWL)

45

320

N
oo

?reweaning' Postweaning Selected
Year Bulls Heifers Bulls Heifers Bulls Heifers
1964 11 13 10 13 2 6
1965 25 24 25 24 2
1966 28 16 18 11 2 8
1967 20 22 18 21 2 12
1968 22 23 21 23 2 10
1969 24 19 18 18 0 10
1970 23 26 21 26 2 10
1971 16 27 15 26 2 8
1972 24 20 21 20 2
1973 18 20 14 ‘20 2 9
1974 19 20 16 19 2 11
1975 25 20 24 20 2 10
1976 17 27 | 16 27 3 5
1977 24 19 20 18 3 —
1978 11 24 11 23 — -—_
Total 307 268 309 115




NUMBER OF CALVES WITH PREWEANING AND POSTWEANING RECORDS
AND NUMBER SELECTED IN THE YEARLING WEIGHT LINE (YWL)

TABLE IX

- 46

Preweaning Postweaning Selected
Year Bulls Heifers Bulls Heifers Bulls Heifers
1964 16 10 16 ° 10 2 7
1965 22 25 20 25 2 7
1966 25 20 17 14 2 13
1967 25 20 25 19 2 10
1968 27 19 24 19 3 9
1969 23 21 23 20 0 9
1970 23 24 20 24 2 10
1971 22 25 22 25 2 10
1972 23 21 21 120 2 10
1973 16 20 15 20 2 10
1974 19 26 18 25 2 11
1975 18 24 17 24 2 10
1976 22 22 16 21 3 8
1977 32 13 29 13 3 —
1978 18 24 18 24 —_ —_
Total 331 314 301 304 29 124
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Thirteen top ranking heifers based on the respective selection
criteria were retained from WWL and YWL each year and bred as yearlings
to calve as two—year-olds. All heifers were pregnancy checked after
breeding season and'bn the average, the ten highest ranking pregnant
heifers werebselected to replace cows culled in each line. Fifty breed-
ing age females were maintained per }ine. Cows were culled by the
following criteria: (1) serious unsoundness, (2) open two years in a
row and (3) oldest age. No Hereford heifers were selected from the
1977 or 1978 calf crops as the selection project was being terminated.

A total of 115 and 124 heifers were selected in the WWL and YWL, re-
spectively, during this study.

The first selections in the Hereford lines were made from the 1964
calf crop. The first calves produced by sehected heifers were born in
1966 and’selected buils first sired calves in the 1967 calf crop.

Table X presents nuﬁber of calves with preweaning and postweaning
records, as well as numbers of replacement cattle for the control line
(CL). Originally the Angus CL was designed as a progeny test line,
where heifers were selected that excelled in yearling weight and five
bulls selected on yearling weight performance, then each randomly mated
to 25 Angus cows in a progeny test herd maintained at Stillwater. The
top two bulls were then selected on the basis of progeny yearling per-
formance to sire calves in the selection lines.

The Hereford and Angus selection lines were designed to start at
the same time; however, detection of the dwarf gene in many of the Angus
foundation cattle caused some delay in the initiation of the Angus lines.
All cattle tracing back to this gene were removed from selection lines

and 1964 was used as a foundation year for the Angus lines. First



NUMBER OF CALVES WITH PREWEANING AND POSTWEANING RECORDS

TABLE X

AND NUMBER SELECTED IN THE CONTROL LINE (CL)
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Preweaning Postweaning Selected

Year Bulls Heifers Bulls Heifers Bulls Heifers
1964 11 18 10 18 1 12
1965 20 22 20 22 5 10
1966 18 25 14 15 2 8
1967 25 21 24 15 — 10
1968 31 17 31 17 — 10
1969 25 14 25 14 2 10
1970 26 25 24 25 2 4
1971 28 17 28 17 3

1972 21 25 21 24 2 10
1973 23 23 22 23 2 10
1974 29 16 29 16 2 10
1975 26 22 23 21 2 10
1976 28 19 25 18 2 9
1977 33 15 33 15 2

1978 25 19 25 17 4 —_
Total 369 298 354 277 31 126
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selections in the Angus lines were made from the 1965.ca1f.crop.

In 1969, the decision was made to convert this Angus progenyvtest
line to an unselected control line to monitor yearly environmental
fluctuations. Up to this time only two calf crops, 1968 and 1969, had
been sired by progeny tested bulls, so very little selection had actually
occured. Angus cows were artifically inseminated with semen collected
from Angus foundation sires and two clean—up bulls were used with near
zero selection differentials for both weaning and yearling weight.

Because of the formation of the CL, only two bulls were used from the

1966 calf crop and no bulls from the 1967 and 1968 calf crops. In addition,
foundation cows were retained in the line as long as possiLie, thus fewer
heifer replacements were kept from the 1970 and 1971 calf crops. -

From the 1970 calf crop on, bulls and heifers were selected to have,
on the average, zero selection differentiais for both weaning and yearling
weights. Each year, as previously described for the Heref&rd lines, four
bulls were used. Thirteen heifers were retained and up to ten used as
replacements to maintain 50 cows in the CL. The same cow culling procedure
was used in the CL as used in the Hereford WWL and YWL. Over the 15 year

period, 31 bulls and 126 heifers were used as replacements in the CL.
Management and Data Collection

Seléction lines weré maintained at the Southwestern Livestock and
Forage Reséarcﬁ Station at El Reno, OK. All lines were managed as a
single herd éxcept during the breeding season and when forage availability
prohibifed doing such. Every effort was made to insure as uniform an
environment as possible for all cattle. Cattle were pastured on native

range typical of central Oklahoma during most of the year. In winter, the
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cow herd was maintained on native winter range, wheat pasture and milo
stubble, as available and supplemented with prairie hay, alfalfa and
cottonseed cake as necessary.

Breeding females were allocated to sires within lines by stratified
randomization to obtain equal distribution of cow age groups within sires.
Matings between closely related individuals were avoided to minimize in-
breeding. Breeding season started May 1 of each year and lasted for 90
days through 1968, then was reduced to 60 days for the remaining years of
the study. Calves were born in the spring, mostly in February and March.
All calves were ear tagged, tatooed and weighed within 24 hours of birth.
Suckling calveg were pastured with their dams without creep feed and

weaned at an average age of 205 days. At weaning, all calves were weighed

|
i

following a 12 hour shrink off water and scored by a committee of at least
three persons for confbrmation and condition.

After weaning bull calves were given a two week warm up period prior
to being placed on a 160 day gain test during the first eight years of
this study and for 140 day gain test from 1972 to 1978. Bulls were weighed
following a 12 hour shrink off feed and water at the end of the test period
and scored for conformation and condition. Test rations underwent three
basié changes over the 15 year period. Table XI summarizes composition of
the rations. The initial ration utilized whole éar corn, then in 1966,
ground sﬁell corn was substituted for ground ear corn, percentage cotton-
seed hulls was reduced and percentage whole oats was increased. The second
change in 1970 involved the addition of preformulated supplemental pellets
(Table XII), increasing the amount of ground shell corn and cottonseed
hulls and dropping alfalfa hay, whole oats, wheat bran and protein supple-

ment from the ration. In 1974, the final modification of the ration was



TABLE XI

COMPOSITION OF BULL TEST RATIONS

Years ration used

Ingredient 1964~ 1966- 1970- 1974~
1965 1969 1973 1978
A ; 7% yA %
Ground whole ear corn 35 - - -
Ground shell corn - 30 57 57
Cottonseed hulls 20 15 23 22
Ground alfalfa hay 10 10 - 6
Whole oats 10 20 -- -
Wheat bran 10 10 - -
Protein supplementa 10 10 - -
Molasses 5 5 5 5
Supplemental pellets - — 15 10

!

a : . .
Cottonseed meal and soybean 0il meal were used interchangeably
depending on relative prices.



TABLE XII

COMPOSITION OF SUPPLEMENTAL PELLETS

Ingredient

Percentage in ration

Dehydrated alfalfa

Soybean o0il meal

Wheat middlings

Urea

Salt

Dicalcium phosphate

Calcium carbonate

Aurofac-10 (Cyanamid Auromycin)
Trace mineral

Vitamin A (10,000 I.U./gram)

33
40
16

N O WNN W W
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made by adding 6% ground alfalfa hay and decreasing cottonseed hulls by
. 1% and decreasing supplemental pellets by five percent. All rations were
fed ad libitum from self feeders.

Heifer calves were placed on pasture gain tests following weaning
(including wheat pasture when available) and supplemented with prairie
hay, alfalfa, cottonseed cake and grain as necessary to gain from .75 to
1.00 pounds per day to 425 days of aée. This longer postweaning period
was used for heifers to permit greater opportunity for genetic differences
to be expressed under the lower nutritional level. Weights, conformation

scores and condition scores were taken at an average age of 425 days.
Primary Traits Measured

Complete performance records were collected on each calf through a
yearbof age for bulls and through 425 days of age for heifers. The follow-
ing records were utilized in this study:

1. Birth weight: Calves were weighed within 24 houfs
of birth. Birth weights of all calves weaned were
utilized in this study.

2. Preweaning average daily gain: Preweaning average
daily gain was calculated by dividing the differences
of actual weaning weight and birth weight by calf age
at weaning. |

3. Weaning weight: Calves were weaned and weighed at
an average age of 205 days. Weaning weights were
adjusted to 205 days of age by multiplying average
daily gain from birth to weaning by 205 and adding

birth weight then adjusted for age of dam.
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Weaning grade: A committee of at least three’

persons independently scored each calf for’

muscling at weaning independent of fatness and

size. The three scores were averaged for each

calf. These subjective scores were based on a

17 point grading systgm}with 13 fepresenting

average choice, 14 high choice and so on.

Weaning condition score: The same committee procedures
weré used to score each calf at weaning for fat cover.
Again, a 17 point scale was utilized with 13 being
average fatness.

Postweaning average daily gain; Postweaning average
daily gain was calculated by dividing the difference
between actual yearling weight and on test weight by
days on test.

Yearling weight: 365—day yearling weights for bulls and
v425—day weights for heifers were calculated by multiplying
postwéaning average déily gain by 160 for bulls and 220
for heifers and adding 205-day age of dam adjusted
weaning weight. -

Yearling grade: Bulls and heifers were scored for
muscle at the end of their respective gain tests

by the same system as outlined for weaning con-.
formation. .

Yearling :condition score: Evaluation for fat cover

of bulls and heifers at»the end of the postweaning

period was also by the same procedure previously
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described for scoring at weaning.

Age of dam adjusted weaning weights used to make actual selections of
bull and heifer calves in WWL were calculated through the 1969 calf crop
by multiplying preweaning average daily gain by 205 and adding birth weight,
then multiplying the entire quantity by the appropriate age of dam correc-
tion factor. The classifications bﬁ age of dam are given in Table XIII
and the multiplicative age of dam correction factors utilized are pre-
sented in Table XIV.

Starting with the 1970 calf crop, additive age of dam correction
factors, also presented in Table XIV were used as developed by Cardellino
and Frahm (1971) from records on these lines of cattle from 1964 to 1968.
No age of dam adjustments were made for calves from dams 5-years-old and
older.

The age of dam adjgsted yearlinngeightélused for actual selection of
bull and heifer calves in the YWL were calcﬁla;ed by multipljing post-
weaning average daily gain by 160 for bulls and by 220 for heifers and
adding 205-day, age of dam adjusted weaning weight as previously defined.

After all data had been collected and the selection lines terminated,
age of dam correction factors were developed from records of all Hereford
and Angus cattle in retrospect for the nine primary traits measured.
Analyses of calf records were done by least squares procedure within breed
and sex, with year, age of dam and the year by age of dam interaction in
the model. Calf records from dams over 11 years of age (a total of 1
Angus and 3 Hereford cows) were eliminated from the analyses. Table XV
presents the additive correction factors obtained to adjust data for age
of dam differences. The nine primary traits were each directly adjusted

by these correction factors prior to any further analyses.



TABLE XIII

CLASSTIFICATION OF VARIOUS AGES OF DAMS

Age classification Age of dam (in months)
2 year old o 2 + 2
3 year old 36 + 2
4 year old 48 + 2
Mature over 58
TABLE XIV

AGE OF DAM CORRECTION FACTORS USED TO ADJUST 205-DAY
WEANING WEIGHT PRIOR TO SELECTIONS

. Multiplicative correction Additive correction
Age of dam factors, 1964-1969 factors, 1970-1978 (1b) -
Hereford Angus Hereford Angus
2 - 1.15 1.15 +80 +60
3 1.10 1.10 +35 +35
4 1.05 1.05 +10 +10

Mature 1.00 1.00 +0 +0

56



TABLE XV

ADDITIVE AGE OF DAM CORRECTION FACTORS TO MATURE DAM BASIS
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Hereford Angus
Trait Age of dam Bulls Heifers Bulls Heifers
Birth weight 2 +12 +11 +9 +7
(1b) 3 + 4 + 3 +4 +3
4 +0 + 2 +2 +1
Preweaning ADG 2 +.43 +.29 +.29 +.24
(1b/day) 3 +.21 +.15 +.18 +.14
4 +.06 +.04 +.08 +.05
205-day weaning 2 +100 +70 +70 +55
weight (1b) 3 + 48 +33 +40 +32
4 + 12 +10 +19 +12
Weaning condition 2 +1.1 +1.0 +.7 +.7
score 3 + .7 + .7 +.5 +.4
4 + .2 + .3 +.3 +.2
Weaning conformation 2 +1.4 +1.1 +1.0 +.8
score 3 + .9 + .7 + .7 +.5
: 4 + .3 + .2 + .4 +.2
Yearling weight 2 +81 +44 +71 +34
(1b) 3 +49 +24 +44 +21
4 + 1 + 5 +16 + 7
Postweaning ADG? 2 +0 -.11 +0 -.10
(1b/day) 3 +0 -.04 +0 -.05
4 +0 -.02 +0 -.03
Yearling condition 2 +.4 +.4 +.4 +.2
score 3 +.4 +.4 +.4h +.1
4 +.2 +.1 +.3 +.1
Yearling conformation 2 +.5 +.7 +.4 +.3
score 3 +.4 +.6 +.3 +.2
4 +.1 +.4 +0 +.1

a v . e . .
Age of dam was not a significant source of variation for bull calves.
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Traits Measured on Terminal Cross Calves in 1979

As previously discussed, the Hereford WWL and YWL were terminated with
the 1978 calf crop. The final group of selected Hereford bulls in 1976 and
1977 from these lines were randomly mated to a group of Angus cows, pro-
ducing 83 crossbred calves. All bull calves were castrated at birth and
after weaning all steer and heifer calves were placed in feedlot and
slaughtered when an anticipated low choice quality grade was obtained.

Table XVI gives the feedlot ration fed ad libitum.

Besides the nine primary traits previously discussed, data was collect-
ed on feedlot and carcass traits. Feedlot traits included days in feedlot,
average daily gain on test, final feedlot weight, weight per day of age and
feed efficiency. Carcéss traits measured were slaughter age, carcasé wéight,
carcass weight per day of age, dressing percentage, single fat thickness,
kidney, heart and pelvic fat percentage, marbling score, carcass grade and
rib eye area. Also, wither and hip heights were measured the same day

yearling weights were recorded.
-Milk Production Data

Another portion of data in this study were obtained during the summer
of 1979 from 35 Hereford dams and their calves, 18 from WWL and 17 from YWL
representing a random sample of mature dams within each line. Lactational
performance was determined monthly from April through September. Calves
were separated for six hours, allowed to suckle their dams and then
separated again for an average of 12 hours. Cows were given an intra-
muscular injection of 10 to 20 mg of the tranquilizer ace promazine

approximately 15 minutes before milking. Immediately prior to milking,



TABLE XVI

COMPOSITION OF FEEDLOT RATION FOR 1979 CALF CROP

Ingredient ' _ Percentage in ration
Corn 78
Alfalfa 8
Cottonseed hulls 4
Molasses 5

(9}

Supplemental pelletsa

aSupplemental pellets consisted of 67.67% soybean oil meal
(44%), 12% urea, 10% calcium carbonate, 8% salt plus Aurofac,
Vitamin A and trace minerals.

59
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cows were injected with 1.5 mg of Syntocin, a synthetic oxytocin, in the

jugular to induce milk letdown. Cows were ﬁilked with a portable vacuum

pump milking unit. Milking time per cow varied from 5 to 10 min and each
cows udder was stripped out by hand to assure a complete milkout had been
obtained. The milk was weighed and two samples taken, one for butterfat

analysis, the other for protein and total solids analysis.

Samples for butterfat determination were transferred to the DHIA
laboratory at Okiahoma State University for analysis by a milk—o;tester.
‘Proteinbcontént was determined by the UDY dye method and color computer
(Ashworth,:gE al., 1960; Udy, 1956) and total solids by oven-drying of
samples in a 100°C oven for four hours. Duplicate samples were analyzed
for protein and total solids. All milk composition estimates were completed

within four days of each milking.
Measurement of Selection Applied

Generations of Selection

Genefation coefficients were calculated from a formula described by
Brinks et él; (1961): CGC=(SGC + DGC)/2+1, where CGC, SGC and DGC are
calf, sire and dam generation coefficients, respectively. Foundation
sires and dams were assigned generation coefficients of zero, so calves
produced by foundation sires and dams have a CGC of one; therefore gener-
ations of selection were obtained by subtacting one from the calcﬁlated

CGC.

Cumulative Selection Differentials

Cumulative selection differentials (CSD) can be used to evaluate
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total selection applied for any individual or for the entire group.
When considering the primary Frait under selection, CSD can be compared
with total response to evaluate effectiveness of selection. If gener-
ations are discrete, the CSD can be calculated by simply adding selection
differentials of successive generations. Because of overlaﬁping gener-
ations in species such as cattle, additional formulas are necessary. In
this study, the method outlined by N;wman et al. (1973) has been used
where CSD is equal to the individual's own deviation from its contemporary
(year-line-sex) group plus mean accum<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>