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Abstract:

Field records of 6200 purebred calves from 6 Angus herds and 7700 purebred calves from 9 Hereford
herds were analyzed by least squares analysis. Herd, year, year within herd, sire within year within
herd, sex, age of dam and interactions among these factors along with partial regressions on day of
birth and age at weaning were included in various combinations as independent variables in three basic
least squares models. Response variables were birth weight, pre- and postweaning average daily gains,
weaning and final test weights. The objectives of the study were to analyze time trends, to calculate and
evaluate sex and age of dam correction factors, and to estimate genetic parameters. Time trend analyses
showed that birth and weaning weights increased significantly in the time period (1959 to 1973) of the
study. There was a nonsignificant increase in postweaning gain and no change in final test weight.
Correction factor analyses showed that multiplicative factors were generally preferred over additive in
the Angus data except for the age of dam corrections for preweaning gain and weaning weight, where
no decision was reached. In the Hereford data, multiplicative factors were preferred in both birth
weight adjustments and in weaning weight age of dam adjustments. Additive factors were preferred in
both Hereford preweaning gain adjustments and in weaning weight age of dam adjustments. Decision
criteria for additive vs. multiplicative correction factors were the factors' ability to affect major sources
of variance, interactions, and individual sex and age of dam subclass variances. Estimates of
heritability for birth weight, preweaning average daily gain, weaning weight, postweaning average
daily gain and final test weight, respectively, were: .39, .29, .27, .20, and .25 for Angus combined sex
analysis; .52, .32, .28, .23 and .16 for Angus bull analysis; .33, .15, .15, .27, and .16 for Angus heifer
analysis; and .62, .32, .33, .16 and .40 for Hereford bull analysis. Estimates of heritability from
Hereford weaning weight only analyses were .28 for males, .23 for females and .23 for the combined
analysis of sexes.
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ABSTRACT

Field records of 6200 purebred calves from 6 Angus herds and 7700 .
purebred calves from 9 Hereford herds were analyzed by least squares
analysis. Herd, year, year within herd, sire within year within herd,
sex, age of dam and interactions among these factors along with partial
regressions- on day of birth and age at weaning were included in various
combinations as independent variables in three basic least squares
models. Response variables were birth weight, pre- and postweaning
average daily gains, weaning and final test weights. The objectives
of the study were to analyze time trends, to calculate and evaluate
sex and age of dam correction factors, and to estimate genetic para-
meters. Time trend analyses showed that birth and weaning weights
increased significantly in the time period (1959 to 1973) of the
study.. There was a nonsignificant increase in postweaning gain and
~no change in final test weight. Correction factor analyses showed.

that multiplicative factors were generally preferred over additive

in the Angus data except for the age of dam corrections for preweaning .
gain and weaning weight, where no decision was reached. In the-
Hereford data, multiplicative factors were preferred in both birth
weight adjustments and in weaning weight age of dam adjustments.
"Additive factors were preferred in both Hereford preweaning gain
adjustments and in weaning weight age of dam adjustments. Decision
criteria for additive vs. multiplicative correction factors were

the factors' ability to affect major sources of variance, interactions,
and individual sex and age of dam subclass variances. Estimates of
heritability for birth weight, preweaning average daily gain, weaning
weight, postweaning average daily gain and final test weight,
respectively, were: .39, .29, .27, .20, dand .25 for Angus combined

sex analysis; .52, .32, .28, .23 and .16 for Angus bull analysis;

.33, .15, .15, .27, and .16 for Angus heifer analysis; and .62, .32,
.33, .16 and .40 for Hereford bull analysis. Estimates of heritabil-
ity from Hereford weaning weight only analyses were .28 for males,

.23 for females and .23 for the combined analysis of sexes.
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INTRObUCT;ON
As the beef cattle industry strives towards more efficient catfle
betfer suited to their environment, it becomesnmore gnd-mofe important
for the sciéntific‘éommuﬁi;y to.provide Ehé’industfy ﬁith more ac#prate
methods of evaluating‘theif cattle and.choosiﬁg their breeding'stock.
The objectives of this study were: to estimate the genetic para-
meters ﬁithin.production traits in Montana Angus and Herefor&.céﬁtle
by'use'of“field records obtained from different herds throughouf the
sﬁate; to gxamine time trends as possible in&icatérs of‘direct and
indirect responses to selection in herds that had been p?acticing
gselection programs; and to.calculafe éﬁd then evaluate different
adjustment factors to reduce-the effects of sex an& age of dém-on tﬁé
important production traits in these herds, The préduction traits
" included in éhis study wére birth, wéaning and final test Qeights aﬁd
-pre- and postweaning average daily gains. Genetic parameférs'are
important because théy are used to predict direct énd correlated
responses to selection. Past responses to selection éan be estimated

by analysis of time trends. Correction factors for the environmental

W‘« .
effects allow a producer to evaluate the genetic value of his cattle _
. _\\—M\\—/_’T—A——\_’/\/

more accurately. If the animals records can all be placed on an equal
basis as far as environmental effects are concerned, then the differ-.
ences among them can be considered mainly genetic, although some

environmental effects and some random variation will remain.




LITERATURE REVIEW
General
The continuous variation in production traits. of beef cattle is:
caused by both genetic and environmental . factors. This review of
-literature deals with methods of estimating ‘the relative magnitude of'
these- two general factors and.specific elements W1thin them. Methods
of standardization (correction factors) for age of dam and sex effects"
will be included The maJority of the studies c1ted deal spec1fically
with Angus and Hereford cattle although studies with other beef breeds,
dairy breeds,‘and even_other mammalS'are included when pertinent.
| ::Age of dam and .sex effects can be'adjusted for'by‘either,additive
or multiplicatiue factors. Both methods will.equalize means but they |

have different effects on variance. Additive factors do not alter the

e - = S

relative variances and thus are applicable when standard . dev1ations
W

[ R e

of the classes are equal. Multiplicative factors will change the
w

S,

e o
variation in proportion to.the_square of the ratio used. A ratio
M MMMW’??W e e = e

_'greater than one will increase the variation and a ratio of less than
/

- one will decrease it, Also, multiplicative factors can alter an

i  Smiali
 ns o R S

N~ — e e i ’ e e
interaction effect while additive factors cannot ' '

s o i L

Birth Weight

The major-environmental'sources of.variation'in birth weight
generally agreed uponAin the literature are hreed of calf, sex of"
_calf, and age of dam, Other enVironmental3sources'considered are

 gestation length, season of birth, weight of dam, and herd effects.




-3
. Specific genetic sources of variation reported are sire effects'and
inbreeding.

It has been well established thét_fhere'are breed diffgrences

" T e—

.

in ééif birth weights, -domparative-studies involving Angus and Here-
~;;;;~;;;;§;;;;;fz;;;;w;alves to be consistently 3 to 5 kg lighter at
birth, Studies by Sagebiel et al. (1967), Cobb et al. (1964), and .
‘Taylor et al. (1960) found differences of 3.7 (31.8 vs. 28;1);,3a6%-'
(30.7 vs. 29.23), and 5.7 (67.6 vs. 61.9) kg, respectively, with
Herefords the heavier., Burris.and Blunn (1952)'reported Herefords to
be 1.5 (30.7 xg; 29.2) kg heavier than Angus (tﬁis_sm&ller difference
is due in part to thgir adjusting ;heir data for é'difference in
gestation length). | |
Meiske et al. (1964), Meade et al. (1959), and Rife et al. (1943)
also reported Angus to have birth wgights.significantly lighter than
Héréfords, |
Studies of the effect of sex.on birth weight'have shown tHat
bull calves weigh approximately 2.2 kg more at birth than heifers..
Burris and Blunn.(1952) found male Angus to be 2.4 kg (30.4 vs. 28.0)
heavier than female Angus and male Herefords 2.0 kg (31.7 zé. 29.7)
heavier than female Hérefo'rds. Taylor et al. (1960) feéo.rted a male
. advantage of 2.0 kg (29.1 vs. 27.1) in'Angus and 2.3 kg (31.8 vs. |
29.5) in Herefordé. Marlowe (1962) studied 5067 Angps‘and 4778

Hereford calves and found a difference of 2.0 kg (28.0 vs. 26.0)
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and 1.8 kg (31.8 vs. 30.0), respectively, between sexes within breeds.

Koch et al. (1959) found bulls outweighing heifers by a 2.4 kg (33.2

vs. 30.8)-avefage'in a study group composed of Hereford, Angus and

Shorthorn calves. In studies of large numbers of Hérefords, Brinks

et al. (1961) with 4432 calves, found males heavier by 2.4 kg (36.0

¥s. 33.6) and Koch et al. (1959) with 3462-calvés, by‘2.3 kg (36.0
vs, 33.7). Other beef cattle studies by Koch ég'gl;'(1973),and‘
Dawson et al. (1947) and dairy cattle studies by Legault and °
Touchbérry (1962), Fitch et al. (1924) aﬁd Ecklés (1919) also found
birth weight supériority in favor of m#les in the area of 2 to 3vkg.
Smalier but significant (E<.01) différenées ;n Herefords were found.
by Lasley et al. (1961) of 1.1 kg (32.6 avg.) and Rice et al. (19545
of 1;0 kg (331.1 yg.‘32.1).. A partial regression of birth weight

on sex of calf was found to be signific;nt for Angus.but not for

Shorthorns in a péport by Foote et al. (1960).

Age of dam affects birth weight in that younger and older cows
N’W AR R e ) ",

——

have smaller calves. A cow's first calf is generally her smallest

after which the birth weights.will increase until she attains mature -

weight and age and thereafter decrease. Beef cattle ggggrﬁlly rgégb L

NemgE

their "peak' at 5 to 10 years of age. Marlow (1962) reported that
e T e ————— e T T ey

both Angus and Hereford birth weights. increased approximately .75 kg.

for each year‘increase_in age of dam, up to 6 or 7 years of age, and

then decreased. Burris and Blunn (1952) found that Angus and
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Herefords both "peaked" .at 9 to 10 years. Hereford studies by
Burfening and Kress (1973), Koonce and D111ard (1967), Lasley et al.
(1961) and Knapp et al (1942) reported peak productlon at 5, 8 to 11,
6 and 5 years, respectively.

Gestation length is generally aceepted to'be positively corre-

lated with birth weight. Burris and Blunn (1952) regressed birth

- weight on geétation length in days and reported a coefficient of

.171 kg/day. Knapp éE al.” (1941) found a correiation of .60 between
gestation iength-and Birth.Weight Rice et al. (1954) and Long et al.
(1948) also reported p051t1ve (P<.0l).correlations.

It has been established that Whlle'breed and sex affect birtﬁ
weight directly, there is also strong evidence that breed, and to a
lesser extent sex, also'affect'gestatiod length and fﬁus exert an in-
direct influence on birth weight; Tde Angus breed is reported to have

a shorter gestation period than the Hereford and within the breeds the

. bull calves are carried longer. Burtis and Blunn (1952)'reported a

difference in gestation length of 2.2 days (282.9 gém 280.7) and 1.4

days (286.8 vs. 285.4) within Angus and Hereford, respectively;

between sexes with males having the longer gestation period.:- The over-
all breed difference was 4.4 days (286.1 vs. 281.7) with Herefords. the’

longer. All the differences were significant (P<.0l). Livesay and

Bee (1945) found overall that Angus gestation lengths were shorter by

2.5 days (285.2 vs. 282.5, (P<.01) and within the breeds males-were
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longer by .5 days (292.7 vs. 282.2) in Angus énd .2 days (285.2'g§.
285.0) in Herefords. Thorton .and Wiltbank (1959); Wheat and Riggs
(1958) and Rife et gi. (1943) also reported bree& differences of 7.7
(287.2 wvs. 279.55, 5.4 (284.9 vs. 279.5) and 16.2 (289.0125, 272.8)
days;-respectively, with Angus again having the ‘shorter gestation
length. The difference of 16.2 days is by far the largest fouhd_

in the literature and may be due to a relatively smaller number of

animals in the stﬁdy, 36 Angus and 36 Herefords. A study of Herefords -

by Rice et al. (1954)'f6und that bull cal¥es were carried .8 days -
(28?.3 vs. 286.5) 1oﬁgér than heife?s butv;he'diﬁference was not :
significanf. | | -

In studies where the éalving season extendeéd over several months,

the season or month of birth was reported to have an effect on birth

Weight. Lasley et al.. (1961) and Loganathan et al. (1965) found this

éffect (P<.01) in Herefo;d‘chlves.:.

Knapp et al. (1942) reported that the year of a calf's birth
had an effect on its birth weight, especially in yeérs following
eitreme range condifions. Similar results (P<.0l1) were reported‘in
Hereford cattle by Burfening and Kress'(I973); Koonce and Dillard
(1967) and Loganathaﬁ et al. (1965);.1Burris and Blupﬁ (1952)
reported that year effectsz when analyzed ﬁithin breed and sex, were
not significant. They reasoned that similarities in ﬁanageﬁent

practicés from year to year nullified:any year effects. - Burfening
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and Kress (1973) and Flower et al. (1963) also reported that Hereford
calves' speeific birth dates were a major (P<.01) source of variation
on their birth weights.

The weight of the dam'was reported as a major (P<.Oi) effect on
the birth weight of Herefords by Gregory et gl; (1950) and of Short-

horns by Dawson et al. (1947). Meiske et al. (1964) found a signifi-
cant effect in Angus'and'Heréfords, but- the relationsﬁip lost its
significance’when the variation due'to age of dam was. removed. Eckles
(1919) reported a weight of'dam efféct on the birth wéight of déiry
calves while Foote et élm (1959) found’a similar effect (P<.05) in;
Holstein calves.

Barlowe et al. (1974) and Koonce and Dillard (1967), analyzing.

Angus and Hereford calves, respectively, found major (P<.01) herd

effects on birth weight in their results. The majority-of the studies ‘

in the literature deal with one hérd'or'are analyzed.on é Within herd
basis.

The analysis of sire effects on birth weight is comélicated by
the fact that sires are not chosén at random. ~Normally,'é sire selec-
Eiggﬂg:ogrém tends ;o group like siréfi.thus-réducihg'variatigﬁ. Dairy
studies by Eckles (1919) fpund that sire effects wére not significant
within a breed but were significant on crossbred calves. Fitch et-al.

(1924) reported a nonsignificant trend in dairy cattle but noted that

the ability to sire large calves is.an individual-characteristic, to
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a limited degree. Ip a later study. Foote _E al. (1959) reported
significant sire effects in Holsteins. In beef cattle, sire effects
 (P<.01) were reported by Lasley et gl._(196l) and Rice et al. (1954)
wlth Herefords, and'ﬁrown and Galvez (1969) with Hereford and Angus.
Gregory et al. (1950) reported important (P<.055 sire effects with
Herefords. Lasley's group also reported a sire effect oe gestation
length in Herefords. Thorton and Wiltbank (1959) reported-sire effects
on gestation length in Angus (P<.01). but. not in Herefords (P<.05).

| Burfening and Kress (1973) and Flower et _l: (1963) reported
that ameng linebred Hereferds the specific line has:en important (P<.01)
effect on birtﬁ weight.

Many studies have been done on the‘effects of inbreeding on birth

weight in beef cattlelj The reader is referred‘to Brinks and Kﬁapp |

(1975) for a review of literature for both beef and dairy breeds.

Studies of the effect of inbreeding of calf on birth weight have prpvid-

ed the following regression coefficients (Kg per 1% inbreeding): -.0424

- in males and -.0300 in females, Brinks and Knapp (1975); -.001, Nelms

and Stratton (1967); -.06 for males and -.18 for females, Brlnks g_ 1.

(1965), -.09, Swiger et al. (196la). A nonsigniflcant_(P<.05) regress
sion was reported by. Bovard, _t al. (1963) in ‘Angus calves. Alexander
and Bogart (1961) also reported non31gn1f1cant effects of "’ 1nbreed1ng
in Angus and Herefords, but they attributed this result to a low

replacement rate in their herds which resulted in more than the usual

percentage of mature cows in their study. They suggested that calves
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of younger dams may be affected more by inbreeding than those of mature
dams. . The inbreeding'of'the dam appears to have 'a lesser effect on the

birth weight of her calf than doés the calf's inﬁfeeding;~ Regressions

-on inbreeding of dam include: -.077 in male calves: and .0007 in females,"

Brinks and Knapp (1975); -.03, Swiger et al. (f962) and .01l and .06 in

two herds, Swiger et al. (1961). Results of 0 and negligible'weré ’

reported, respectively, by Nelms and Stratton (1967) and Bovard et al.

1 (1963).

' Thé résults of heritability studies for birth weight of Angus
and Hereford calves are shown in table 1. The method used most often

to estimate heritability in cattle involves the correlation among

- paternal haif-éibs (for. a review of methods of estimating heritability,

.see Falqoner,:1960). Exceptions to the paternal halfjsib'method in

table 1 are: . Brown and Galvez (1969) used an average of.sevéral methods ;

e
e

‘including regressing offspring on sire, paternal half-sib and paternal

half-sib corrected,for—iﬁbreeding; Koch-and'Clérk (1955b) regréésed

.progeny'average on sire (h2=.35)'and offspringﬂon dam‘(h2=.44); and

Knapp and Nordskog (1946) regressed 6ffspriﬁg on sire (Hz=.34)} "In

published summaries of birth weight heritabilities, Preston and Willis -

" (1974) gave a preferred value of .38 using all breeds and Petty and

Cartwright .(1966) reported a weighte& average. of .44 in beef‘breeds';

alone.

- Repeatability is defined by Faiqoﬁef‘(19605 as "a correlation
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TABLE 1. HERITABILITY OF BIRTH WEIGHT ESTIMATES

h? Breed?® SexP No. calves - Reference

.00 H M,F 214 Thorton et al. (1960)

.13 A M,F 175 Thorton et al. (1960)

14 H F- 350 . Pahnish et al. (1964)

.15 H M,F 580 Miguel .and Cartwright (1963)
.17 A M,F 932 - Brown and Galvez (1969)
.22 H,A,S M,F 502 - Burris and Blunn (1952)
.22 H M,F 793 Swiger (1961)

.23 H M 177 Knapp and Nordskog (1946)
.32 H M 370 Pahnish et al. (1964)

.34 H M 177 °° . Knapp and Nordskog. (1946)
.35 H M,F 85 . Koch and Clark (1955b)
.35 H MF 4553 Koch and Clark (1955a)
.36 H M,F 789 Brown and Galvez (1969)
.38 H T 5192 Brinks et al. (1964)

42 H M 177 - Knapp and Nordskog (1946)
N H M,F . 4234 Koch and Clark (1955b)
.53 .H M T177 Knapp and Nordskog (1946)
.59 H Mo 542 Shelby -et al, (1957)

.67 H M,F 351 Lasley et al. (1961)

.72 H M 635 . Shelby et al. (1955)

88 H M,F 469 Loganathan et al. (1965)
a4 H = Hereford, A = Angus, S = Shorthorn.

by = male, F = female.
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between repeated measureﬁents of the same indiﬁidual" and‘"therefore
expresses the proportion of the variance of single measﬁrements that
is due to permangnt,cn:non-localized, differences between individuals,
both genetic and enviroﬁmental." Values for repeatability of birth
weight as a trait of the dam are shown iﬁ“table'Z. Petty and
Cartwright'(l966) célculated ; weighed average of .25 in their

summary.
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TABLE 2., REPEATABILITY OF BIRTH WEIGHT ESTIMATES

No. No.
Le- Breed? dams offspring Reference
.10 A 325 932 . Brown and Galvez (1969)
.11 PH 100 493 McCormick -et al.(1956)
.18 H,A,Sh 103 458 Taylor et al. (1960)
.18 - B - 620 Botkin and Whatley (1953)
.19 H 245 789 Browvn and Galvez (1953)
.20 ‘ Mixed 370 892 Petty (1966)
.26 - H ' 1166 4849 Koch and Clark (1955b)
27 H 648 3342 Kress and Burfening (1972)
.28 H : - - Meade et al. -(1959)
.30 H,A,Sh . . 364 1038 Taylor et al. (1960)
.35 A - -

Meade et al. (1959)

2 A = Angus, H = Hereford, PH = Polled Hereford, SH-= Shorthorn.
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Preweaning Average Daily Gain

The preweaning growth rate of a calf is a EEEEEEE;QB_Qi_ltS

e R
dam's maternal ability, its environment and 1ts_own,ggES§: Its
M_W

dam's maternal ability is determined by -her. age, environment, and
genotype. Its environment is made up of natuial effects, such as
weather and pasture condition, and management effectg,.such as birth
date, creep-feeding? ﬁutrition levei, age at weaning, etc, Its

genes are determined by its parents and variations in their relation-
ship caused by inbréeding, crossbrgeéding'or linebreeding.

The age of dam effect was called "the most importént source of
variation" for preWeéning growth rates in an Aungus, Hereford and
‘Shorthorn study by MarloWejéndG%ines (1958)., Major <P<.01) age of daﬁ
effects on preweaning gain of Angus and Hereford caIﬁes were repoftéd
.by Schaeffer and Wilton (1974a), Kress and Webdb (1972), Cunningham
and Henderson (1965a), and ﬁarlowe et al. (1965). Brinks et al. (1972)
with Herefo?ds and Brinks et al. (1962) with Hereford buils also found
an ége of dam effect (P<.0l) on preweaning #verage daily gainf Humes
et al. (1973) found an ége oftdam effect on preWeaniﬁg average daily
gaiﬁ to ﬁe highly significant (P<.01) iﬁlﬂereford Bﬁll calves and
significant'(P<;055 in heifer caives. Other studies by Tanner et al.

(1970), Wlth Angus, and Nelms and Bogart (1956) with Angus - and

Hereford found that the age of dam effect on preweaning average daily

gain only approached significance. Nelms and Bogart noted that there
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was a large difference in gains of calves with two-year-old dams és

compared to gains of calves with older dams. Schaeffer and Wilton

(1974b) found an additive correction factor to be préfgggblg_go
e T e Raiedbedis gy

- .

multiplicative when correcting preweaning gain of age of dam.effects.
e ———— e e’ W" ——— .

N

.Age of dam by sex interaction effects on preweaning growth rates
were reported in Angus calves (P<.05) by Barlow et al. (1974) and in

Angus and Herefords (P<.0l) By Schaeffer and Wilton (1974a). However,

the same effect was found to be not significant in Angus and Hereford

studies by Kress and Webb (1972) and Cunnihgham and Henderson (1965a) ., ..

Schaeffer and Wilton (1974a) also reported on other effects on'prewean-
ing gain caused by interactions inﬁolving age of dam. Theif feSults
included: Age.of dam by fée&ing system (c;eep), not significant; age
of dam by level of herd performance, significant (P?.Ol); age of dam by .
sex by level of herd performance, not significant; and age of dam by
sex by feeding system (créep), significant (P<.05) in Herefords but not
significant (P>.05) in Angu;. | |

The year of a calf‘é birth was fbun& to have an effect (P<.0l) on
its preweaning gain in both Angus and.Hereford in studie§ by Kress and
Webb (1972), Cunningham and Hendersan'(1965a), Marlbwe et al. (1965)_

and Alexander and Bogart (1961). Angus studies by Barlow et al. (1974)

and Tanner et al. (1970) also found major (P<.05 and P<.0l, respectively)

year effects on preweaning gain. Brinks et gl. (1972) and Mahmud and

Cobb (1963) reported similar resuitsl(P<.01) iﬁ Hereford calves. Iy
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Humes et al. (1973) found a year effect (P<.05) on preweaning a&eraée
daily gain in Hereford males but not (P;;OS)/in femaies.
Barlow et al. (1974) reported that year by herd; year by sex and
- year by age of dam interaction effects on preweaning average daily
gain were ail significant'(P<.05) in Angus calves. Tanﬁer et al. (1970)
also found year by sex interaction effects (P<.0l) on preweaning avéragg
daiiy gain in Angus cal%és.' | | |
’ﬁahmud and Cobb (1963) reborted'with Herefofds that the spgcific:
ranch on Whiéh a calf is raised has a‘@ajor effect (P<.0l) on itslprg-
weaning gain. Barlow et al. (1974) reporﬁed.;imilar results kP<.05)
in Angus calves. | ‘
Creep-feeding was reportéd to'be é major (P<.01) effect on the

preweaning growth rates of Angus and Hereford calﬁes in a study by

Schaeffer and Wilton (1974). Marlowe et al. (1967) reported that creep-

fed Angus and Hereford calves grew .04 (.78 vs. .73).and .07 (;SQ vs. .73)

kg per day'fastér than thei? non-creep-fed contemporaries. Marlowe
and Gaines (1958) reported that analysis of a group of Angus, ﬁereférd
"and Shérthorn calves showed that creep-fed calves.gained .05 (.80 2§.
.75) kg - per day faster.tﬁan non-creep~fed. |

A sex by feeding level (creep) interaction efféct on preweaning
gain was reported in Angus (P<.05) and in Herefords (?<.Ol) by

Schaeffer and Wilton (1974a).




-16-

Mahmud and Cobb (1963) reported that the specific age qf'a
Hereford calf within the preweaning period-has substantial (P<.0Ll)
eéfect on its rate of gain. Brinks et al. (1962), however,.reportéd
that the age effect on preweaning growth rate %és nonsignificant in
‘Hereford bull calves. Marlowe and Gaines (1958)_repofted that the
age efféct on preweaning growth rate was gféater fof creépéfed'Angﬁé,
Héreford and Shorthorn qalves than for-noﬁ-éfeep—fed éa;ves. Marlowe
et al. (1565), however,. found age was a major effect (P<.61) on the
preweaning growth rate of both ‘creep and non-éreep-fed Angus calveé

and in non-creep-fed Herefords but not in creep-fed Hereford calves.

Kress and Webb (1972) found that the age at weaning had an effect

(P<.01) on preweaning growth rate in Angus calves but did nbt signifi-

cantly affect the same period of growth in Herefords.

Kress and Webb (1972) regressed preweaning gain on birth date  -
and found a significant (P<;05) effect in Herefords and a highlf sig-
nificant‘(P<.01) éffect in Angus. Marlowe et gl; (1965) and Nelms and
Bogart (1956) found month of birth to be a majo?r(R<.01 and P<.05,

| respectively) éffect on preweaning gain in_ﬁoth.Angus and Herefords. )

Humes et al. (1973) found no significant effect of birth date on the

preweaning gain of Hereford male calves, but did find an effect (P<.05).

on the gain of Hereford females. Marlowe and Gaines (1958). reported
in Aﬁgus, Hereford and Shorthorns that season of birth had a

"significant" effect on the preweaning gains of non-creep-fed calves.
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but was of "little practical importancg“ in'the.gains of creep-fed
calves. |

The actual birfh_weight of a calf Qas reported to have a major
effect (P<.05) on prewéaning gain in anAngusﬁnd ﬁereford study by
ﬁelms.and Bogart (1956). Birth weight was reported by‘Christian
et al. (1965) to have an_effect (P<;05)‘on the growth rate of Hereford
calves during their first 60 days of age. |

Alexander and Bogart (1961) and Nelms and Bogart (1956) both
reported that line of calf effects were an important <P<.01 and P<,05,
respectivelyj source of vériation for fhe préWeaning growth rates of
Angus and Hereford calves. Humes et al. (1973)’reported tﬁat line of
sire was an infiuence (P<.05) on the preﬁeaning gains of female
Hereford calves, but not on the gains of male Herefords.' Line of-dam
had an opposite effect on preweaning gain in their study; there was
no significance for. female calves but définite significance (P<.05)
for male calves. Brinks ég al. (1972) concurred to a large degree
with Humes and coworkevsd line of’dam results, but Brinks and co-
workers found nonsignificance for both sexes for the effects of line
of sire on preweaning growth rates df‘fhe calves in their study.'-
Brinks and Humes and their respective coworkers both reported line of
dam by line of sire interaction effects oﬁ preweaning-gain-to bé non-
significant for Hereford male calves. Brinks found a highly sigﬁifi-

cant (P<.01) effect for female Hereford .calves while Humes reported

nonsignificance. Brinks and coworkers also found no significant
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effects on preweaning gain due to interactions between line of sire
and years and line of dam and years. Kress et él. (1973) found that
line of sire and line of dém were both important (P<.0l) sources of
variation for the preweaning gaip of Hereford cattle. The interaction
between line of sire and line of dam waé‘aiéé significant (P<.65).
They noted iﬁ their study that "the?e-tended to be an inverse rela;
tionship bétween rankings of line of site and line of dam." Mahmud
and Cobb (1973) and Thrift et al. (1970) reported sire gffects'on
' preweaning gains to be important (P<.0l and P<.05, respectively) in
Hereford calves. Tanner et al. (1970) analized ;ife within year and
found it to be a major (P<.0l1) effect on the.preweaning gains of Angus
calves. Kress andtwebb (1972) uséd”the same type of analysis and |
found highly significant sire effects (P<.01) in Angus calves and
éignificanf sire effects (P<.05) in Herefordé.A Gfeéory et al. (1950)
found no important sire effects on pfeweaqing géins in two ﬁereford
herds; but they suggested that their résults may.have been influenced
by the small number of cattle involvéd iﬁ the study.A

Tanner et al. (1976) and Thrift et gl..(1970) both reported no
significant effects on prewaaning gain of a sire by sex interaction.
However, Kress and Webb (1972) found a sex by sire witﬁin year inter-
action effect on preweaniﬁg gains in both'Angus:(P<.01) and Herefofds.
(P<.05). | |

Sex has' been reported to be a major-(P<.01) effect on préweaning

gains in Aﬁgué and Hereford calﬁes in ‘studies by Schaeffer and Wilton
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(1974a), Kress and Webb (1972), Marlowe et al. (1965) and others.

Brinks and Rnapp (1975), Brinks et al. (1972), Tamner et al. (1970),

Mahmud and Cobb (1963), and Koch et al. (1959) all working with Angus

and/or Herefords, reported that male calves gained .04 to .06 kg per
day more than females from birth to weaning. Bovard et al. (1963)
obfained higher estimates of male advantage for preweaning gain of .10
kg per day for Angus and .09 kg per day for Herefords. Nelms and
Bogart (1956), however, found sex effects on péeweaning gains of Angus
and Hereford calves to be nonsignificant when correct;ons Qere made
fqr birth weigﬁt. They suggested thé male and female calveé haviﬁg
the same birth weights would gain alike up to weaning;

To adjust preweaniné average daily gain for sex effects, both’
Brinks et al. (1961) and Koch et al. (1959) used a multiplicative

S MN-—’

adjustment—factor since variance among bull calves was—larger than

‘//,,// - B e e e e T e

among heifer calves. Schaeffer and Wilton (1974b), however, preferred -
‘additive factors. ' , :

The preweaning gain of a calf can also be affected‘by its dam's
or its own level of inbreeding. Brinks and Knapﬁ (1975) in their
extensive study on inbreeding found that the inbreeding of the calf
caused a -.0012 kg per day change in the preweaning average daily gain
per one percent increase in inbreeding of male calves and a -.0014
change in femalé calves. Inbreeding of thg dam.had.é,larger gffect;

-.0022 kg per day in males and -.00l1 kg per day in females. - it is of
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interest td note that the inbreeding of the dam had twice as much
effect on male calves as on'female'calves. Brinks and Khapp theorlzed
that "males have more potential and are handlcapped more by decreased
milk production.'" Their findings were supported by Humes et al. (1973)
who found that the inbreeding of the dam decreased preweanlng gain of
Hereford bull calves.by . 006 kg per day and of female calves by .003 kg
per day per one percent increase in inbreeding. Swiger gg'gl. (1961a)
found tha£ a one percent increase in‘iﬁbreediﬁg of the calf decreased
preweaning gain of all calves by .005. kg per déy in one Hereford herd
but had no effect in another herd. Also, éhe& found thatca one percent:
increase in the inbreeding of the d;m cauééd a ;.0006 kg per day change
in the preweaning gains of‘the calves in one herd and -.0005 kg per
day shange in the other,

The heritability of p?eweaning gain is genéfally estimated té'be
.30. A preferred value of .27 was reported by Preston and Willis (1974)
- Petty and Cartwrlght (1966) reviewed 31 estimates by various methods
up to 1966. Their overall unweighted average Was,.26, which rose to .31
Qhen weighted by ﬁumber of records pér method. Koch et al. (1973) used
paternal half-sib methods to estimate heritability of . preweaning gain
in 3462 Herefords.and arrived at estimates of .13 for Bulls.and'.21‘

for heifers.
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Weaning Weight
Weaning weight is influenced by much the same factors as pre-’
weaning gain. However, the importance of weaning weight is' such that
it is treated separately in the literature and thus will be accorded
a separate section in this review.

~Sex is generallxngqg§%dered a main effect

B e e e

ggﬂwéahing_ﬂeighff’
Bulls are heavier than steers which.afe in:tqrn héavierlfhén heifers.
When comparing bulis fo steers however,,it'is important to remember
that the effects of caétratibn can be confounded with the effects of
selection plus there ‘may be stress effects on the steers from the |
.actual castra;iqn.

'rDifferences between steers and heifers in Hereford studies

ranged from 7.5 to 14.5‘kg'at 180 to 240 days in reports by Tanner

t

et al. (1970), Linton et al. (1968), Sewall et al. (1963), Brinks
-et al. (1961), Urick (1958), Evans et al. (1955), Koch and Clark (1955a)
and Koger and Knox (1945). More extreme.differénces-in Herefords of

.9 and 17.7 kg were repo;ted by Burgess et gl. (1954) and Eradley.

et al. (1966), respectively. An Angus study.by Tanner et él. (19?6)
reported a difference in ﬁeaning weight between steers ana heifers of
12.1 kg., with steefs'the'Heavier. A combined‘Angus-Herefofd sfudy by

Cundiff et al. (1966a) found steers 5.1 kg heavier than heifers at

weaning. Differences between Hereford bulls and heifers were reported

in the area of 10 .to 15 kg by Linton et gl. (1968), Harwin et 'al. (1966);
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Manyard and Dinkel (1965a) and Evans _;__l. (1955). Brinké et al.
(1961) and Brown (1958) found differences of 24.1 gnd 48.6 kg, respec~
tively, betwéen bulls aﬁd heifers at weaning; In a study of two dif-A
ferent Angus herds, O0'Mary and Ament (19615 found Weaning weight
differences between bulls and heifers of 22.8 and 30.5 kg. ' Cundiff

et al. (1966a) reported a difference in weaning weight of 25.3 kg

with bulls the heavier in a combined Ahgus-Hereford'study. Bfown (1960)
and Brown (1958) combineé bulls and steers together in two Hereford

and three Angus herds, and compared the combiﬁéd average weaning
weights to those of the héifers. He réported Heréford results of 11.4
and 25.9 kg in favor oflthe males and Angus results as'iOLO, 10.5 and
15.0'kg advantage for males. All of the above differences were reported
as highly significant (P<.0l). A significant (P<.05) differencé

between sexes was reported by Bradley et al. (1966) and Evans. et al.

(1955) withAthé males weré again beiné larger. Sawyer et al. (1948)
found heifers heavie? at weaning, buf the Aifference was not signifi-
cant. ' Gregory et él. (1950) féund a nonsignificant sex effect but |
they attributed this result to a very 1arée standard deviation.

Age of dam by sex of calf-intefactioq effects on weaning weight
were reportgd as nonsignifican£ in combined Angds;Hereford stﬁdies
by Cardellino and Frahm'(1971),’Cundiff.g£ QL.‘(1966a);LMin&ard”and
Dinkel (1965a) ‘and Kress and Webb (1972), fheir results were sup-

" ported in Hereford studies by Linton et al. (1968), Cooper et al. (1965x
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and Swiger (1961). An interactive effect (P<.05) of age of dam by sex

of calf was reported in Herefords by Harwin ggh 1. (1966).

Sex by year interactive effects on weaning weight have been

reported as highly significant (P<.0l) by Cooper et al. (1965),

Blackmore et al. (1960), Pahnish et al. (1961) and Linton et al. (1968).

Linton postulated that the reason for the interaction is that bull

calves are more sensitive to the environment. Tanner et al. (1970)

also found a sex by year interactive effect on weaning weight, although

their level of significance was less (P<.05). Studies by Cardellino

and Frahm (1971), Harwin et al. (1966) and Swiger (1961) all reported

nonsignificant sex by year interactive effects on weaning weight,
although Harwin and his co-workers did report a trend. Sex by ranch
and mating system interactive effects (P<.05) on weaning weight were

reported by Pahnish et al. (1961) and Harwin et al. (1966), respectively.

Sex by season of birth interaction was reported by Cooper et al. (1965)

to have a major (P<.01) effect on weaning weight. However, Cundiff

et al. (1966a) called the same effect’ "small" and Selleré et gl. (1969)
called it "unimportant". In studies analyzing the effect of sex by
sire interactions on weaning weight of purebred calves, Tanner gg_;i.
(1970) withlAngus and Pahnish et al. (1961) and gbger and Kpox (19455
with Herefordé all reported nonsignificagée. Kress and Webb (1972)

found a sex by sire within vear effect in Herefords (P<.05) but not in

Aﬁgus (P>.05). Wilson gg'gl. (1967) reported a sex by sire interactive

)
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effect (P<.05) on weaning weight in Angus-Holsteln x Polled Hereford

calves. Interaction effects of pasture unit and management by sex on
e - - B E

weaning welght were both reported to be’ nonSLgnlflcant in a combined

—

Angus-Hereford study by Cundlff et al. (19§6a) An interaction that
was found to be significant (P<.01l) for -weaning weight Wae the age of
calf (in days) at weaning by sex interaction, which was reported by
Swiger (1961). He reported that bull calves grew at a faster rate
than heifer calves. :Cardellino.and Frahm (1971) reported that sex '
by breed interactive effects on weaniné weight were noesignificant-
in their study of Angus and Herefords.

Cundiff et al. (1966a) fgggé_EEgEﬁzggignees of ‘the three sexes

were significantly different in both_creep and non-creep-fed Angus

and Hereford calves. They reported that multiplicative factors

e

removed the sex by management‘gxpg*(creepugegg;ng) interaction effects

and thus were preferable. The ratios (.89 for bulls, 1.00 for steers

and 1.02 for heifers) were the same for both types of management.

—

Sellers et al. (1970) also found a heterogeneity of variance between
el.ers et 2. 22 So_iound a .ot varian

el T JOVP S

the sexes and so used multiplicativye correction factors. These
’__,..-—"""———H»« - . =

factors were: .97, 1.00 and 1.07 for Angus bulls, steers and heifers,
respectively, and .93, 1.00 and 1.08 for Herefords. Minyard and
Dinkel (1965a) used a multiplicative factor of 1.082 to adjust the
weaning weight of Hereford heifers to that of bulls. They tried both

multiplicative and additive adjustment factors and found that the
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multiplicative factors reduced the sex effects more than did the
K——\.’-———' - e g et L DR O

additive factors. Llnton et al. (1968) reported that a multlpllcatlve

,——\—.—__...——«—-"""'"““_

factors of 1.071 to adJust Hereford helfers weanlng welghts to those
SIS v e u s t ed

of Hereford bulls was better at equelizingnthe;stenderd_dey;gt;gg§u

FE&E_Zifwég”édditive.faét0¥ - The-Beef’Improvement federation recommends
general multlpllcatlve factors of 95 1.00 and 1 05 for bulls, steers
‘and heifers, respectively (B.I.F., 1972)

' The age of dam effect on‘weaning‘weight is oonsfdered ankimportant
effect throughout the 1itereture - Hereford studles by Llnton et al'
(1568), Swiger-gt al (1962), Brlnk _L _ll (1962) and others'all
found major (P<.Oi) age of dam effects onhweening weight. 'Anéus

Qetudies by Ienner _E._l. (1970) and Hohenboken and Brinks (1969)-
found eignifioent (Pﬁ;OS end‘Bs;Ol, respectivefy) effects,‘eleo;

" Studies involving both Angus:and Hereford calves by.Cardellino and
‘Frahm (1971), Cundiff et él; (1966a) end Cunningham.end ﬁenderson

" (1965a) reported major (P<.01) age.of dem'effects'on'weaning wefght;
Warren _EI_L.'(1965)_found”age of dam“effecte'(P<.01) on_weening
weight in a study of 25”006 Angus Hereford and Santa Gertrudis:
Brown (1960) found age of dam effects on weanlng welght at 60 120,
180 and 240 days to be hlghly significant (P< 01) in a herd of
Herefords and- one of'Angus. In a second herd of ‘Angus, he found the
age of dam effects highly sfgnifioant (P<.Qi)'at.6q‘and 120 days,

significant (P<.05) at 180”days‘and noneignifioant'(PSlOB) at 240 days.
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All of the above studies found that a cow reaches her most produetive'

age when she is 6 to 8 years old.

Cardelllno and Frahm (1971) found an age. of dam’ by breed_effect -

N_‘

e

(P< 01) on weaning welght in thelr Angus-Hereford study They obtalned :

—

within breed multlpllcatlve age. of dam correctlon factors.: of 1 15

- e
w———-———-— P

1.08, 1.02 and 1.00 for 2- 3-, 4- and 5- to 9-year-old Angus dams,

—————— e [

respectlvely, and 1.23, 1. 09 1.01 and 1,00 for Hereford ‘dams. of the

same respectlve ages They then compared their factors w1th the

e i
-

,generalﬁheef.cattle age~ofﬂdam correction factors.for weanlng,welght

(1.15, 1.10, 1.05 and-1.00) as recommended by the Beef Improvement

e

FederationliB,i:Er,-19#2). - They reported that ‘within herd factura

" were preferable if possible,.but the'general factors’Were adedhate
except for the calves of two-year old Hereford helfers, whlch would
be under-corrected.' Sellers et al. (1970) also reported age of dam
by'breed,interactive‘effects on weaning weight, but the effects were

" not of sufficient magnitude to consider separate‘oorreetion factors
'for Angus and Hereford. afheir multiplicative correction faetors'ﬁere,
-1.12; 1.67, 1.03, 1.00-'and 1.05 for buillcalveshof cows aged <34 mos:,‘

" 34 to 45 mos.., & to 5 yrs;;-6 to 12 yrs., and'12 YIrSs., respectfveiy.

Steer and heifer correction factors - for ‘the same respectlve ages of

cows‘were 1.11, 1:06, 1.02, 1.00 and 1. 02 and 1. 09 1. 06 1.02, 1.00

and 1.04, respectively. . Cundiff et al. (1966b) diVided‘ages of dam

into <28 mos., 28 to 30 mos., 31 .to 33 mos.; 34 to 39 mos., 40 to 45
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mos., 4, 5, 6 to 13 yrs., i4 yrs., and 15+ years. The respectine
~multiplicative correction factors were: 1,18, 1.14, 1.11; 1.09, 1.05,
1.04, 1.02, 1.00, 1.01, and 1.05. However, they recommended'using:'-
additive factors of: 29.3, 23.5, 19.9g:16@1, 5.1, 6.8, 3.9, 0, 2.6,
and 9.3 kg. Their reason for this recommendation was "although

ces,. they would at

W
e ey

additive adjustments co could not equal el th . varian
D A e rgar e T T .

1east not cause further d1vergence as Would m11t1p11cat1ve adJustmentsL

L1nton et al. (1968) stud1ed 4700 calves in one Hereford herd in

D R

whrchwng_culllng of Ccows was. based on_ weanlng welghts. They theorlzed'

et ettt =

that thls typeﬂof herd would "present a true picture of age of dam

effect." Thelr addltlve .adjustment factors ‘were 14 50, 3. 90 0, 2. 51
10.00, and 21. 80 kg for the weanlng welghts of calves fromsTS 4 to 5

6 to 8, 9 to 10, 11 to 12 >*»13 year old dams, respectlvely The multi-
plicative factors for the same respectlve ages. of dams were 1.092, .'
: 1.023, 1.000, 1.015, }.065 and 1.045.. They found that when all ages
of dam were considered the. additive factors did not intrease‘the
Xar&ak&l&ty as much as the_multlpllcat1ygu£actors dld and thus weret
‘moreﬁdesirakle;m_However, when the class.for dams_aged 13 and over
was ommitted; theimultiplicative factors were-“morefsuccessfulhin

. equaliZing thevuariability.“ | |

The majorit& of interactions affecting weaning'werghtAthat

" involve age of dam have been reported as not'significant. AAge of dam
'interactive_effects mdth'management (creepﬁmépasture type,'and'season.

of birth'were.all.reported as nonsignificant on weaning weight by
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Cundiff et al. (1966a). Age of dam by age of calf, and by mating

system interaction effects on weaning Wéight were reported nonsignifi-
cant by Swiger (1961) and Harwin et al. k1966), respectively., An age
of dam interactive effect én weaning weight that has been reported- as
significant is age of dam by year, Although Cardellino and Frahm
(1971) failed to find significance, Hohénboken and Brinks (1969),‘

Harwin et al. (1966), Cooper et al. (1965) and Swiger (1961) all

reported the effect as higﬁly significant (P<.015. The . reasoning
expressed here is that mature cows are better able to étand the stress
of extreme years. Linton et al. (1968)-found an age of dam by year
interaction effect (P;.Ol) on the weaning Qeight of Hereford heifer
calves, but the effect was not significant for'Here%ord bull palves;

| In a study of Angus calvés, O'Mary et al. (1959) reported a
positiﬁe (P<.05) correlation coefficient of .51 between cow weight and:
adjusted 180-déy weight‘of ﬁer calf, .Another Angus study by Smith
and Fitzhugh (1968) failed to show significanée but they did report a
trend that "heavier dams tend to wean heavier calves." Gregor& et al.
(1950) reﬁorted the same nonsignificant trend in one Herefordlherd but
no trend in a second Hereford herd. Sawyer.gg _l{‘(1963)'re§orted,
"Alfhough the relationshifs were fairly 1ow,.corre1ations and,régres-
sions dealing with the relétionship of cow weighﬁs with calf performance
indicated that heavier cows tend to produce calves  that gain faster
and are heavier from: birth ﬁhrough 18 months of'age." A‘Hereford:study

—_—

by Knapp'ét al. (1942) found size of dam effects on weaning weight to
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be nonsignificant.

. Urick (1958), in a long term Hereford study, found no significan£
difference in the subsequent performance of cows calving first as two-
year-olds versus those calving fifst as three-year-olds.

In apalyzing breed effects on weaning weight among the Angus
and Hereford breeds, Gregory et al. (1966a,b) reported Angus bull

calves'ogfqgighed Hereford bull qalvgghépA?OQ days by 5 kg (198 vs.

—

193), but heifer calves were the same (1976 kg) for each breed. Meade

‘et al. (1959) reported that Angus males and females outweighed their

Hereford counterparts by‘iS}(lag vs. 175) and 22 (187 vs. 165) kg,

respectively, at 205 days. Neither of the above studies reported a

level of significance for breed differences. SageBiel ég al. (1967)

found ;nly al kg (154-vs.,i535 nonsignificant difference between Angug
and Hereford calves for 205-day‘weaning weight. ‘Céfﬁellino and Frahm
(1971), after adjusting for sex and year, found no significant differ-
ence between Angus and Herefogd's weaning wéight at 205 days. However,
‘they did find an effect (P<.0l) if they analyzed only.calves frémhz-and

3-year-old dams. The calves from the young Angus cbws were 4,2 kg

fre b,

- (180.5 vs. 176.3) heavier at 205 days than the Hereford calves., chh

Cundiff et al. (1966a) found in their Angus-Hereford study of 14,000
cattle that there was a breed effect (P<.01) on weaning weight with
Angﬁs the heavier by 2.2 kg. However, they reported that while the

effect was highly significant, it was résponsible for less than 1%

of the total variation in weaning weight,
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Breed by age of dam and by sex interactions have prev1ously .

e one ——

been discussed. Breed by month of birth 1nteract10n effects on-weaning -

\W”"""” B .
. weight were reported as ''small and relatively unimportaqf" Ey Cundiff |

e e i

t al. (1966a) when comparing  Angus and-Hereford. Cardellino and
- Frahm (1971) reported Angus and Hereford breed by yedr‘infefaction
dffects on weaning ﬁeight as highly significant (P<.01). Sellérs et al.
(1970).reported breed by management (creep feeding) interaction effects
on weaning weight as important (P<.01). |

The effect that individual sires exert on the weaning weight of
their calves was found to be significan#.(P<.01) wﬁen analyzéd withih
year by Tanner._g al., (1970) and Hohenboken and Brinks (1969) in Angus
studies, In Hereford studles of sire effects on weanlng welght Thrift
et al. (1970) reported a 31gn1f1cant (p<. 05) effect. Pahnish et al.:
(1961), reported a significant (P<.05) effect on bull dalves. Knapp
et al. (1942) reported a "significant" sire effect od the weaning
weight of Hereford.calves. Brown (1960) analyzed sire effects on
'weight at four agés in one Herefdrd and two Angus herds; He repofted
the Hereford Jdata‘showed sire effects to be significant (P<.01) at
60, 120, 180 and 240 days of age. One Angus herd showed highAsignifi;
cance (P<.0l) at 60, 120 and 180 déys of age but dropped to alower
ievel of significance (P<.05). at 240 days.. Tﬁe second Angus herd

showed a significant effect (P<.01).aq.60 days but not at 120, 180 and

240 days.
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Sire by sex interaction effects on weaning weigﬁt were previously
discussed under the section on sex effgcts. A year by sire Withih
ranch interaction was found to exert no s;gﬁificant effect on weaning
weighf in a Hereford étudy by Busch and Dinkel (1967).

Year_éffects on weéﬁing weight afe'generally'égreed updn‘in the
1ite£ature to be signiiicant,‘especialiy in those. years with extreme
environmental conditions. Hereford studies by Liﬁton g;igl: (1968),
Harwin et al. (1966), ﬁusch and ‘Dinkel (i967), and'othérs found year
effects on Wedniné weight to be highly Significéht (P<.01). Taﬁner
gﬁhgl. (1970) repérfed the same significancé (P<.01) of yéar effects
én Angus weaning weights. Combined Angus-ﬁereford studies by
Cardellino and Frahm (1971) and Pherigo é; al. (1969) also répdfted:
highly significant (P<.01) year effects on weaning weight. Brown
(1960) found year effects on weight in Herefords to be nonsignifipant
at 60 days, significant (P<.05) at 120 days, and highly significant
. (P<.01) at 180 and 240 dayé, In one Angus hexa, he fpund year éffects'
on weaning weight to be noﬁsignificant.at 120 days, significant (P<.05)
at 60 and 180 days, and highly significanf (P<.01) at 240 days.. His
“second Angus herd shoWe& nonsignificance at 66 and ‘180 déys and‘ﬁiéh
significange (P<.01) at 120 and 240‘days.  Cundiff et al. (1966a) in an

extensive Angus-Hereford study, chose to consider years as random

effects and pooled the data over the yearé.
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In corfecting for fear effects on.weaning weigﬁt, Linton et al.
(1968) found additive correction factors to be preferable while Sewall
et al. (1963) preferred.hultiplicative factors.

'Interactions involviné vear by age of.dam, by sex, and by breed
have previously been discussed in théir respeétive séctions. Other
interaction effects on weaning weight involving year.inélude: yéar by
ranch, which was reported (P<.05) by Pahnish _e_g al. (1961) and (P<.01)
by'Bﬁsch and Dinkel (1967): and year by ﬁating system, found to bé non-
significant by Harwin et al. (;966).. A yea¥ by month'of Birth inter-
action effect on weaning weight was found to be highly significant
(P<.01) by Cooper et al. (1965). Linton é; al. (1968).found the year
by month of birth interaction effect to be highly significant (Pﬁ.Ql),
in bull calves but nonsignificant in heifer célves. |

Season or ﬁonth'of birth can.haﬁe‘a major effect on weaning
weight, especia11§1w1th range cattle iﬁ areas of more vériable climate.
Séllers t al. (1969), Cundiff et al. (1966a) and Sewall et al. (1963),

and others all reported effects (P<.0l) of month or season of birth
on weaning weight. Linton et al. (1968) reported month of birth
effects (P<.0l) on the weaning weight of bull calves but a lesser

effect (P<.05) in heifer calves. Brown (1960) found season'pf birth

effects (P<.01) on weight in a Hereford .and one of the Angus herds at

60, 120, 180 and 240 days. The second Angus herd showed nonsignificance

at 60 and 180 days, but high significance (P<.0l) at 120 and.240 days.
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Sewall et al. (1963) used multiplicative correction factors for

season of birth effects on weaning Weiébt‘while Sellers et al. (1969)
" and Cﬁndiff et al. (1965) preferred additiVe factors.

Interaction effécté_on wéaning weight.involving month or season
of birth that have not been préviously discussed are'mdnth of birth -
. by pasture type and by management (creep feeding) which were both

reported as significant by Cundiff et al. (1966a).

Pherigo et al. (1969) reported that the specific birth date of a -
_calf has'én effect on ifs.weaning weight in’éxtreme yea?s.> They found
that calves born later 'in the year are significantly (P<.05) iightgr
- at weaning when late sumﬁer.rainfall is less than normal. Kresé aﬁd -
Burfening (1972) and Briﬁks et al. (1962) reported,ﬂhowevér; that.the
regrgésion of 180-day weight on ‘the birtﬁidate of Hereford éalveé waé
nonsignificant. |

Gregory et gl.'(léBO) reported that'éalves tha£ have relatively
heavier birth weights "tended to maintain this advantage,‘and thus be.
heavier at weaning."” Knapp et al. (1942) reported that calves
"heavier at bi;th tend to be heavier at ﬁeaning.".'Actual values for
" birth Weight-weéniﬁg weight correlations Will;be‘&isqussed in a 1atér
section along with other performance tr;it relationshi?s...

The herd or ranch effects on weaﬁing weight.wefe found to be
highly gignifigant (Px.01) by Pahnish et al. (1961). Cundiff et al.

(1966a) considered herd effects to be rgndom'but,they did find area of
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the state and pasture type to exert major influence (P<.0l) on Wééning

weight, although the pasture effects were only 1% of the total variation.

Sellers et al. (1969) found area of the state effécts on weaning weight
to be "unimportant.“'

The age of the calf when it is weaned is important because the

calf is growingvﬁégmgdding weight évery day. Age of calf effects on

weaning weight were. found to be hiéhly significant (P;.Ol) by Hamann
et al. (1963), Minyard and Dinkel (1965a), Burgess et al. (1954)
and others. | |

As lpng a§~phg_growth is linea;,'the éffects of agé of calf can
be corrected for relatively simply. Periédg of a calf's life tﬁétf
have been found to be linear include: 120 to 250 éays, Cunningham and
Henderson (1965a); 140;t6_220 days, Urick (1958);.145lt; 265 days,’
Warren é; al. (1965);.155 to 225 days,. Johnson and Dinkel (1951);'

and 175 to 245 days, Sawyer et al. (1948).. Pahnish et al. (1958) found

_ growth rate was "essentially linear" at 1Zi to.323 days‘When analyéed
within sexes and they recommended using separaté cofrectidn-factors

to adjust for age of calf within each sex.

' | An age of ‘calf by year intéraction effect on weaning weight w@s':-
reported as nonsignificant by Swiger (1961). An ége.df calf By sex
interagtion effect on weaning weight was préviously ﬁiscussed under

sex interactions.
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Harwin et al. (1966) found a highly significant (P<.0l) differ-

ence between 1inecroseing ane inbreeding systems for ﬁeaning weight.
Cundiff et al. (1966a) found tﬁat creep feeding had a~major
(P<.01) effeet on weaning weight. Sellers et al. (1969) used an
additive eorreCtion factor to correct for.creep feeding effects oe
weaning weight.
The inbreeeing of the calf‘has beenIShoWn to have a.eetrimental

effect on its weaning weight. The effect is in the area of -.30 to

-1.00 kg change in Weaning‘weight per- 1% increase in inbreeding.

Estimates include: -.21 (Nelms and Straftqn; 1967); ;.22 (Koch,l1951);

-.32 (Swiger et al. (1962); -.54 (McCleery and Blackwell, 1954); -
(Nelms and Stratton, 1964); -.80 (Burgess et al. 1954); -.27 in males

and -.96 in females (Brinks et al. 1965); and -.36 in females and

f—— .

-.61 in males (Dinkel et al. 1968). " Brinks and Knapp (1975) in their _

extensive survey of western area experiment stations found a change.
in weaning weight of -.29 kg in males and -.30 kg in females per 1%

increase inbreeding in the calf.

The results of aﬁaiyzing effects of the inbreeding of the dam on

‘weaning weight are more varied in the 1iterature Results range from

a’ p031t1ve regression reported by McCleery and Blackwell (1954) and

Y e—

no effect reported by Nelms and Stratton (1964) to -1 15 kg decrease
in weaning weight per 1% increase in 1nbreeding of dam found by Koch -

"(1951). Intermediate results 1nc1ude. -.07 and -.02 in two herds
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et al. 1962); -.52 (Burgess et al.

'(Swinger et al. 1961a5; -.10 (Swiger
1954);.- 23 in males and -.68 in females (Dlnkel al. 1968); and -.85
in males and -.15 in females (Brinks et gl. 1965). Brinks and Knapp

(19755 found changes in weaning weight per 1% increaseein the inbfeedihg

of the dam of -.40 kg in males and -.24 kg in females.

Table 3 shows some estimates of herltablllty of weaning weight

o~
e

obtalned by using the paternal half-sib. method w1th calves of both

sexes analyzed together. The arlthmetlc mean of .31 compared well

- with the.weighed mean of .28 reported by Petty and Cartwright (1966).
and the preferred value of .30 by Preston and Willis (1974) (Petty and
Cartwright (1966) welghted estlmates by the number of parents.) The
weighted means of .41 and .39 in table 3 were'obtained by weighing

each estimate by the number of sires and number of calves,‘respectively.
Estimates in which the number of sires wefe not reported were not
ihcluded'in the mean weighted by sires. TheAweighted means are eertain-
l& influenced_by ehe large hhmber of animals in the Harricharan et al.
(1967) study. - Omitting this 1arge'study-lowered the.sire weighted"and

' calf-welghted meahs.to..ZS and .31, reSpeetively.' .

‘Tabie 4 shows the paternal half-sib estimates of heritability of.
heaning weight analyzed within sex. The means are.generally in agree=
ment with those in table 3 - It is of interest to note that the means
for females are con31stent1y hlgher than those for. males. This differ-
ence is malntalned in all the studies whlch-lhclude both males and

females.
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H

Arithmetic mean of h2

‘Weighted (by No.

.31

of sires) mean of h2
Weighted (by No. of calves) mean of h2

41
.39 .

TABLE 3. PATERNAL HALF- SIB ESTIMATES OF HERITABILITY OF WEANING
WEIGHT - MIXED SEXES OF CALVES

- - No. . No.

h2 Breed? gires calves Reference
.10 H 17 720 . Pahnish et al. (1964)
.11 H 8 414 ~ Lasley et t al. (1961) -
.11 A - 212 Brﬁwn (1958)
14 AH, PH 15 915 Cundiff et al. (1975)
.15 i 187 3739 Bwiger et al. (1962)
.18 - H 12 942 _ Sewall et al. (1963)
.21 AH, Sh 115 . 1987 Lehmann e et g_ (1961)
.23 PH 72 - 679 -McCormick et al. (1956)
.24 H 137 4553 Koch and Clark (1955b)
.24 H 28 1306 Mahmud and Cobb (1963) )
24 H - 580 Miguel and .Cartwright (1963) -
.25 H 23 748 . Swiger (1961)
.26 H - 255 Brown (1958)
.26 H 6 270 Gregory ¢t al. (1950)
.28 ‘A,H,Sh 240 1671 .« Swiger et al. (1963)
230 H 23 326 Magee et al. (1961)
.30 A,H,Sh - 993 - Dickerson et al., (1974)
.30 H 45 - 569 _Rollins and Wagnon (1956)
.32 A 120 2351 Minyard and Dinkel (1956b)
.33 H - 1915 Minyard and Dinkel (1956b)
.40 H 70 679 Busch and Kinkel (1967)
.49 A 25 . 1861 Hamann et al. (1963)
48 A,H,Sh - 733 Swiger et al. (1962)
.52 H 4 69 Gregory et al. (1950)
.54 "A 1288~ 17023 Harricharan et al. (1967)
.58 A,H,Sh - 480 Swiger et al. (1965)
.81 _AH - 2550 Francoise et al. (1973)

= Angus, H = Hereford, PH = Polled

Herefbrd, Sh = Shorthorn.




L.t

-38-.

Overall weighted (by No.

of calves) mean

TABLE 4. PATERNAL HALF-SIB ESTIMATES OF HERITABILITY OF WEANING
WEIGHT - ANALYZED WITHIN SEX

hz h2 ‘No. No.

male female sires calves Reference

.12 - .. 23 177 Knapp and Nordskog (1946)

.23 - 88 635 Shelby et al. (1955)

.24 - - 87 616. Shelby et al. (1963)

.28 - 110 880 ~ Knapp and Clark (1950)

.28 - 11 329 Pahnish et al. (1961)

.33 - 43 336 Wilson et al. (1962)

.38 - 56 473 Wilson et al. (1963)

.43 - 116 542 Shelby et al. (1957)

.81 - 19 118 Lindholm and Stonaker (1957)

- ) 25 165 Wagnon ‘and Rollins (1959)

- 43 - 3584 Brinks et al. (1964)

- .57 T 11 332. Pahnish et al. (1961)

- .57 26 140 ~ Wagnon and Rollins (1959)
.08 .31 78 919 Blackwell et al. (1962)
.08 .69 38 212 .Carter and Kincaid (1959a)
.15 .25 - 3462 - ‘Koch et al. (1973)

.37 43 Co- 1121 Koch et al. (1968)
.05 .23 - 370 Pahnish et al. -(1963) -
Arithmetic mean - males = ,27

. females = .39
‘Weighted (by No., of sires) mean - males = .28

: - ' females = .46
Weighted (by No. of calves) mean- males = .25
: ' I '~ females = .39
Overall arithmetic mean = .35
Overall weighted (by No. of sires) mean = .32

= ,32
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Other estimates of the heritability of weaning weight havejbéen
done by reépession of thg offspringsi-rgqords énlthe dams' record.
Estimates from this method are; ..11 (Koch-and Clark, 1955¢); .08
(Sewall et al. 1963); .13 ('Betty;'_'19'6-6r); and .84 and -.13 in two herds
(Rollins and Wagnon, 1956). ‘This method may be biased by maternal
effects, however, and therefore may not bé.és accurate as:the paternal
half-sib correlation.:

Another méthod of estimating the heritability of weaning weight
is regressing of the offsprings' records on thé sires' recora.
Estimates found by this method include: .25 (Koch énd'Clark, 1955¢);
.27 (Brown and Gacula, 1964); .39 (Petty, 1966); and .54 (Gregory and

Stewart, 1962). Knapp and Nordskog (1946)‘reported a heritability of

weaning weight of 0.00 when using this method. Hoﬁgver, they found that -

if they aﬁalyzed within years they found.a‘result‘of .30. XKoch and
Clark (1955b) felt tha; this method'may be biased by the effects of the
paternal grand dam. l

| Koch and Clark (1955d) reported a heritability of weaning weight
of .19 using a path coefficient method. Chambers et al. (1958) psed

a high-low method with 59 pairs of cattle and found a value-of .28,

Table 5 shows some results of estimates of fépeatability of

weaning weight in various beef breeds. The methods most commonly used

to estimate repeatability are correlations of adjacent records, correla- .

tion of the first record with an average of. subsequent records and

intraclass correlations.’
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- IABLE 5. ESTIMATES OF REPEATABILITY OF WEANING WEIGHT IN BEEF CATTLE

- \ No. No. _
i Te dams . calves ' Reference
| ) ‘ .
V.16 - S Meade et al. -(1959) . o
1.25 1501 C 4722 . ' Hohenboken and Prinks (1969)"
.29 ' 680 . 2664 -~ - Boston et al. (1975)
.31 1166 " 4849 ' . Koch and Clark (1955b)
.31 . 309 - 665 Berg (1961)
7.32 ..301 1151 Hoover et al. -(1956)
.34C . 301 1151 . Hoover et al. (156)
P34 89 . 256 L Rollins and Wagnon (1956)
.37 1608 - . " Brinks et al. (1964)
L .38 o " 90 . 332 . McCormick et al. (1956)
42 - - ‘ Meade et al. (1959) -
42 : - - 2351 o Minyard and Dinkel (1960)
42 .. 378 "866 " " Minyard and Dinkel (1965b)
| .42 95 462 . McCormick et al. (1956).
.43 151 - 603 '~ Botkin and Whatley (1953)
.43 439 840 ' Drewery and Hazel (1966)
b 648 : 3342 o Kress- and Burfening (1972)
45 80 -, - 7260 . " Lueker et al. (1963)
W47 370 - 892 S0 Petty (1966)
.49 - . - ' . Stonaker (1958)
.49 ‘ 436 © 1698 * . Koger and Knox (1947)
.50 183 634 . Boston et-al. (1965)
.51 97 317 ~ ‘Rollins and Wagnon (1956).
.52 - 1066 Sewall et al. (1963) .
.52 . 180 . 745 Koch (1951) -

.662 - . 142 " .Koger and Knox (1947)
Arithmetic mean = .41 : R

Weighted (by No. of dams) mean = .36

Weighted (by No. of calves) mean= .37

a Angus
Hereford '
€ Second record regressed on first.
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Postweaning Average Daily Gain

Pdstnenning average daily gain can.mean'either'feedlot or pasture
gain, depending on the management system. |

There is some disagreement in the 1iteréture:wnether there is
' ‘any residual age of dam effect on postweaning average daily gain.
Burfening and Kress (1973), Ftanccise et _l. (i9735,'and Brinks gtlgl;
(1962) all found no important age of dam effects on the postweaning
gain of Hereford calves. - Their:tesults vere suppcrted by Tanner _g al.
(1970) with Angus calves, and Sw1ger et al. (1963) with Angus, Hereford
and Shorthorn, who also found no major age of dam effects on post-

weaning.average daily gain. Harricharan et al. (1967) reported age of

dam had "little effect" on the postweaning average daily gain of Angus

- calves.

Significant (P<.05) age of dam effects on postweaning average
-daily gains of Angus, Hereford and Shorthorns were reported by Schalles
and Marlowe (1967) and of Herefords by Shelby et al. (1963). Flower

et al. (1963),. working with inbredIHerefords; reported that-age of dam

- effects on postweening average daiiy gain were highly significant

(P<.01) for’heifers but nonsignificant for bulls and steefs. Blackwellv‘

et al. (1958) found that there was an age of dam effect on postweaning
average daily gain but that it was the opp081te of the age of dam
, effect on weaning weight. They theorized that: their results indicated

"a compensating effect for the better or poorer thantaverage maternal

environment supplied to the calf by the mother because of her age."
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Year effects on postweaning average daily gain were reported to.

" be a major (P<,0l) source of variation by Burfening and Kress (1973),

- Dinkel and Busch (1973), ianner et al. (1970), and others. 'Different

- results were reported By Schalles and Maflowe (1967) who found no

major year effécts-on.the postweaning average daily gain of Angus,.
Hereférd,'and Shorthorn. Mason et gl; (1958) reported that Angﬁs'
and Hereford postweaning average daily gains, after being correeted
for sex effects, wére not significantiy affected by years.

Year by sex within ranch interaction effecfs on postweaﬁing
average daily gain wére reported as nonsigﬁificant in Hereford calves.
by Dinﬁel and Busch (1973). Pani et al. (1973) repsrted_the same (ndf
significant) results in the pasture gains of Hereford heiferé, but
feedlot gains of Hereford bulls were affected (P<.015 by sire by year

interaction effects. A year by ranch interaction was found to be

important (P<.01) deostweaning gain in Dinkel and Busch's (1973)

" Hereford study.

The analysis of séx effects ié.complicatéd by mahggément schemes
which normally treat sexes differenfly'aftef.weaning. Ffancoise et al.
(1970) with Angus, found that ther are sex effects (P<.0l) on post-
weaning average daily gain when the sexes are treate& alike. Masdn
et gli (1958) found a ﬁale ?o female réfio in'mean postweaning,évergge

daily gain of 1.39 in Angus. and 1.28 in Hefefords. ‘Mason and coworkers,

Tanner and coworkers; and -Dahmén and Bogart'(1952)'a11 found that sex

'by year interaction effects on postweaning avéfage daily gain were
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nonsignificant. Mason-and coworkers also found that_a.sex by line’by
year interaction Waé'nonsignificant‘on-postwéaning éverage.daily:éain..

The calf's.specific age during the po%fweanihg period. did not
significantly affectlits‘grbwth'rate in Herefpfd studies by quwer
et al. (1963) énd Brinks et al. (1952).. Shelby et al. (1553) found,
_ howeverP that age of weaning had an effect (P<;05) on tﬁe postweaning
average daily gain of Hefefofd steers. |

There is little agreement in the liferature concerning line
effecté on postweaning avéraée dailj géiﬁ? ‘Burfening and éresé (1573)
found no significance in.Herefords. Mason et ;L; (1958) found high
éignificance (P<.01) in Angus and Héréfords t&géﬁﬁer; ,Fldﬁer.gg gi.
found high'significance (P<.01) in inbred heiférs, bu£ no significance
in‘bullé and stéefs frqm the same herd. Shelby et QL} (1955) analyzed
line effects on postweaning average daiiy'géin<on a Wifhin_year and a.‘
within sires basis and found no significant effects iﬁ either case |
with Hereford ;teers. Moore et _l; (1961) reéorfed tha£ the line of
sire was.an important (P<.0l1) source of variation on tHe postweaning
average daily gain of Hereford bulls. Moorelgnd cowérkers also report-
ed a line by sire interaction'effect (P<.01$ on postweaning gain.

The éffect-that an'individual sifeihas 6n fhe‘postWeaning gain
of his calves was fgported as " signific;nt" in Herefords By_Woddward

and Clark (1950) and Knapp and Phillips“(1942). Knapp and Nordskog

(1946) also found Hereford sire effects (P<.Ql) on postweaning gain,
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Tanner et al. (1970) analyzed Angus sires within years and also found

this to be a major (P<.01) effectlon postweaning gain. Shelby et al.
(1955) reported similar (P<.Q1) résul;s with Beréford'steers When
analyzed within lines.

On the other hand,.éi;e effécts on péstwéaniﬁg gain were reported
to be nonsignificant in Hereford studies by Paﬁi gﬁ al. (1973) and
Thrift g£ al. (1970). Thrift and coworkers and Tanner and coworkers
both repérted a sire by sex interaction‘éffection postwéaning gaiﬁ'to‘
be nonsigﬁificant.

The relativé postweaning growth rate of Anggé and‘Hereford.’
cattle is somewhat of a senéitivé subject among producers of the.
respective breeds.  Researchers are wary of reporting one breed's
© superiority o&er another. However, SchallésAand Marlowe (1967),
Sagebiel et al. (1967) and Gregory et al. (1966a,b) all repofted tha£
within their respectivg studies, Hereford cattlé'had highé;ﬂpost- |
weaning gréwth rates than did Angus. Séhalles and Maflowe'¥epoftéd ‘
that the differénce-was significant <P<505).; Sagebiel and coworkers
repérted that the.differenée was ;06‘kg pér day (;90:versﬁs .84) in
favor of Fhe Herefords.

Little work has been done on thé'effects of iﬁb;eeding on post-
weaning growth. The most comprehensive study availéble, Brinks-ahd
Knapp (1975), found thaf a 1% increase-in the inbreeding of the calf

caused a -.0016 and -.0015 kg per day change in the poétweéning gains’
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- of male and femaie calves, respectivelyfj'They reportedﬁthat a 1% in-°

crease in the inbreeding of the dam’caused the postﬁeaning gains of

'males‘and females to change by -.0009 and *.0006 kg per day,‘respectively.

Swiger et g_ (1961a) found that a 1% 1ncrease in the 1nbreed1ng of the

calf-caused a change qfﬁ;,075 kg perrdayhinwpostweaning gains~in'one
ca.: causeca 5€ C 18 & -IL 0N

. Hereford herd and - 0033 kg per.day in another A 1%.ihcrease in the
m‘ﬁw—

‘1nbreed1ng of the dam caused changes of - 0054~and +.0035 kg_per day

e

in- the postweaning growth rates_of . calvesiin_the twohrespective Hereford
_,,,,......-———w*' B

herds.
r—-d-———"‘—“ N
The heritability of postweaning gain is generally estlmated in

et

the moderate to high category. Preston and Willis (1974) reported a

preferred value of .52 for feedlot gain based on 56 estimates of a11-

types of beef .cattle., Petty and Cartwright (1966) reported Weighted

e

estimates of .52 for feedlot gain based on 33 estimates and .30 for
TR T T :

'pasture gain based on 16 estimates, Dickerson et al. (1974) reported
ah'estimate-of 26:for heritability of.feediot gain in Angus Hereford
and Shorthorn. Dinkel and Busch (1973) found a heritability estimate
of'.55 for:feedlot gainvof Hereford steers, while Koch‘gg;al. (1973),
found.estimates of -.29 and .65, respectively;‘for the heritability'of
postweaning gains in-Hereford bulls'and'heifers. Francoise'gtja;.
(1973) reported that‘the heritability estimates for.postweaning.gain
of maleS'and-females; respectively, Were.,34'and .79 in Angus and .11
and .65 in Herefords. harricharan'et al. (1967)‘reported a.;4Z

estimate for the heritability of.postweaning gain in Angus.
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Final Weight

Final or yearllng welght is calculated at anywhere from 300 to

——————,

e e s ety

-_600 days It is normally the time«that the calf is taken off its
.postweanlng test and normally about a _year of age. |
Even though-the ‘calf is now at least-three months%past;weaning;
researcherswhavEffonnd resldual age'ofrdam effects on finallweight;
lBurfening and Kress .(1973) and Brinks et al. (1962)‘reportedaage of
-dam effects (P<.05 and (34.01;.respectivelvj on the fdnalIWeight of
Hereford cattle. Harricharran et al.- (1967) found a "notlceable" age
.ofAdam effect oanngus,calvesf'final welght. Schalles and Marlowe :
(1967) reported that the 36S-davIWeight oftAngus,‘Hereford and Shortj
horn calves was effected (?K.OS) by‘aée.of.dam in'one herd.but‘not
in another. Shelby et al. (1963)'reported-that three-year-old'dams :
had a maJor (P<.01) effect on the yearllng welghts of thelr steer
calves when - compared to the steer calves of older dams
On .the other hand Franc01s et al '(1973) "and Tanner et _l
(1970) found.no s1gn1ficant age of dam effect on the final Welghts'
.of Hereford and Angus calves, respectively .
Year effects'on ffnal weight were»reported as very'important
' (P<.0L1) in'Herefords~by Burfening.and Kress:(1973), Dinkel and'Busch
(19735 and Shelby et él-,k1955)- Important (P%.OS)‘year effects on

yearling weight were‘reported by Tanner et al. (1970) with Herefords

and by Schalles and Marlowe (1967).with,Angus, Hereford and Shorthorns.
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Year b§ sex and yeaf-by ranch interactions were reported as major (P<.0l1)
sources of'variatidn.for final Weight by-Tanner %4 _1.1(1970) and:
Dinkel ané Bus ch (1973), respecti&ely. Dinkel and Buéch (1973) also
reported that a year by sire-within ranch inferactiqn did nof gignifi-
cantly affect the final weights of ﬁeféford cattle. |

" In studiés'ﬁhere the two sexes were treated aiike, researchers
have found a subétantionalsexefﬁegt on'yearling weight; ng.éffects
(P<.0D) on_yearling weight wereArepoftgd'in Herefords by Francoise
et al. (1973) and Thrift et al. (1970) and in Angus By Tanner gg,gl;
(1970) . | |

Sire effects on yearling weight were reported:to be nonsignificant

in Herefords by.Pani et al. (1973) and Thrift et al. (1970). Ian#ér
et al. (1970), however, aﬁalyzéd sire effects within years and foun&
a major (P<.01) effect. Also, Knapp and .Nordskog (1946) rebortea.
finding a éire:effect (P<,01) on the Einal weights of'Herefoéds.
Tanner and cowgrkers‘and Thrift and coworkers bo?h analyzed sire by‘
_ seéx interactions (Tannéflused'sex within year) én Angﬁs and Hefeford
calves,'reséectively, and both fduna no‘gignificant.éffect. Paﬁi and
coworkers fou;d that a sire by‘year interaction did have a major
(P<.Oi) effect on fhe‘yearling weight'oanerefofd_bulls:but no
significant effect on that.of ngeford heiférs;

‘Burfeﬁing and Kress (1973) reported‘that.thé line Sf a Héreford.;'

calf influenced (P<.01) its final weight. Shelby et al: (1955) found

that lines when analyzed within years and- .sires had no significant
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efféct on the final weight of Hereford steers.

Two other lesser studied effects on yearling weight are age aqd
breed. Brinks et al. (1962) ‘reported that ége at weighing' was a major_
(P<.01) effect on the final weight of'ngefofds: ' Schalles and'Marlowe
(1967) reported a breed effect (P<.05) on the’yearling weights of‘the
British breeds, with Hereford and Shorthofns'being heavier than‘Angus.”

-Bripkslénd Knapp (1975) reported.thatfa 19 iﬁqrease iﬁ the .level
of a calf;s inbrgeding éaused a cﬁange af ;.4594 and:412517 kg,-respeé;
tively, in male anﬁ female final weights. A“&%iiﬁcrease in the in-
breeding of: the dam caused changes in the final weighﬁé of males and
females of ;.3074 and .i336 kg,'respecfivély.
| Estimates of the.heriéability of final weight are_generglly
quite high.-Prestonkand Willis (1974).repofﬁed.a preferrgd'value of
.77 based on 30 eétimates‘for various bree&s-of beéf.éattle weighed
after a performance tgst; Pettf and.¢aftﬁrigﬁt (1966) reéorted a
weighted estimate.for the heritability of fiﬁal:feedloﬁ Weight-as'

.58 based on 31 estimates. Their.wéighted estimate sf yearling
pasture weight heritability was .41 based on 13 éstimates. Dickeréon

et al. (1974) reportea the heritability of the yearling‘weight of

Angus, Hereford and Shorthorn cattle was .48. Koch et a1.1(1973)
estimated the'heritébility.of the yearling weight was .23 and ,52 .
for Hereford bulls and heifers, respectively. Dinkei and Busch

(1973) found a value of .85 for the heritability of final feedlot
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weight of Hereford steers. In Angus cattle, Harficharan t al. (1967)

reported a yearllng weight herltabllity of .58. Francoiée et al.

(1973) studied yearling Welght per day of age and found herltabilltles

in Angue_of .06 and .29 and in'Herefords of .65 and .78 for males and
femeles, respectively, Cundiff et 1975) studled Angus, Hereford
and Polled Herefords and found yearllng welght herltablllty estimates‘
of .22 within herds and .21 between herds

Correlations among the various traits are generally in excess
of .30. Exceptions may be the genetic correlation between preweaning
gain and feedlot gain-which has been estimated from -.08 to .47
Table 6 is a summary of the major beef cattle studies reporting
genetic and phenotypic correlations. The Petty and Cartwright .(1966)

review contains the pre-1966 studies.
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'TABLE 6. GENETIC (r,) AND, PHENOTYPIC (rp) CORRELATIONS AMONG THE
PRODUCTION TRAITS

Traits '.rg - rp . Reference?

Birth weight -
' preweaning gain’ ,
L .11 - .12 Brinks et al. (1962)

.46 .26 - Brinks et al. (1964b) .
- .38 .23 Petty and Cartwright (1966)
.10 .18 Koch et al. (1973)
' .28 . .27  Koch et al. (1973)
Birth weight - ' ‘ ' ’
weaning weight . . o
42 .30 Brinks et g_ (1962)
.60 .41 " Brinks et al. (1964b)
.68 .37 Shelby et al. (1964b)
.58 - .39 . Petty and Cartwright (1966)
41 .35 Koch et al..(1973)
_ , .53 . .43 Koch et al. (1973)
Birth weight - ' ak :
feedlot gain ' : - S
1 .23 . Brinks et al. (1962)
.30 .29 Shelby et al. (1963) -
.56 .30 Petty and. Cartwright (1966)
42 .31° Koch et al. (1973)
: .34 .30 Koch et al.- (1973)
Birth weight - : . .
pasture gain . Co
' o 43 " .17  Brinks et al. (1964b)
Birth weight -
final weight : ] .
.75 .39 " Brinks et al. (1962)
.48 45 Shelby et al. (1963). :
.64 © .42 - Petty and Cartwright (1966)
.53 . .43 Koch et al. (1973) '
. ) .51 Roch et al. (1973)
Weaning weight -
preweaning gain =
.82 .92 Brinks et al. (1962) .
..98 - .97 Petty and Cartwright (1966)
.95 .98  Koch et al..(1973)
.96 .98 . Koch et al. (1973)
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TABLE 6. (CONTINUED)

Traits ' _Tg ‘ Tp

Reference

Weaning Weight -
pasture gain .

. ..08. .25
Weaning weight - - . -
’ feedlot gain : ;
. ' .06 .17
A7 .18
.58 . 417
.26 .20
.49 - +.13-
.80 .18
W77 --
. . .12 - =,07.
Weaning weight - '
- final weight - ‘ :
' .67 .62
.86 - .58
79 .65 -

;95-. .82
.Weanlng weight - :
yearling (pasture) welght

.75 .66
.67 .64
.61 g 45
. L9 .67
Preweaning gain - R
feedlot gain - _ o
o ' : -.08 W14
.08 - .14
A4 15
S N .07
Preweaning gain - - o
_pasture gain : ,
49 T3

-16. . .52

“Brinks et al. (1964b) -
Petty and Cartwright (1966)

--Brinks et 1. (1962)

Shelby et al. (1963)

Petty and Cartwright (1966)

" Koch et al. (1973)

Koch et al: (1973)
Dickerson et al. (1974)

Dinkel and Busch (1973)

Francoise et al. (1973)

(19625

Brinks et al.

Shelby et al. (1963)

Petty and Cartwright (1966)
Dickerson et

al. (1974)

. Brinks et al. (1964b)
"Petty and Cartwright (1966)

- Francoise ¢ )
Dickerson et al. (1974)

ar
et

al. (1973)

Brinks et al. (1962)

Petty and Cartwright (1966)
Koch et -al. (1973) -

" ‘Roch et al. (1973) -

Brinks et al. (1964b)




TABLE 6. - (CONTINUTED) ..
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Trait : : o .- Reference
Preweaning gain -
final weight . - :
. : .54 .62 Brlnks et al. (1962)
.73 .63 Petty and Cartwright (1966)
.58 .69 Koch et al. (1973)
.76 .69 .Koch et al. (1973)
.88 .70 . Brown et al. (1973)
‘ - .81 .64 Brown et gl_ (1973)
. Feedlot gain - S S I
~final weight - . ] . .
.76 .80 Brinks et a1 (1962).
.96 .86 - -Shelby et al. (1963)
.86 77 . Petty end Cartwrlght (1966) -
.66 .73 Francoise et al.” (1973)
.82 .64 Brown et al. (1973)
1.03. .. .61  Brown et al. (1973)
.95 - .82 Dickerson et al. (1973)
Pasture .gain - . B . IR
. yearling weight - . .
.76 .62 Brinks et al. (1964b)
.81 .. .63 Petty and CartWifht (1966)

a The first Koch et al. (1973) reference within each group is w1th
males only, the second is with females only :
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MATERTALS AND METHODS .
The data for this'study were pfovided by the Montana Beef

‘Performance Association. Records included the productlon traits of

U e M-—m.m

birth welght (elther actual or standard), weanlng welght, and weight

at the end of the postweanlng galn test. All calves were not repre-‘

fsented in all traits, although -all calves had a weanlng welght
Factors in the records affectlng these traits were Ezeed herd,.
.blrth date, weaning date, pastutewgnlt, sex,-stfeiudapé age‘of dam_—
" and feeding‘unit. | | |
Purebred Angus and‘Hereford calves nere lncldded;in‘the data.
The two'breeds were'analyzed:separatel?.' ﬁreeds”werelnot'simultaneousr
ly managed,under common 'enyironmentalHconditlons; therefore'bteed
effects‘could'not‘be'studied asxlegitlmate sources of variation;.
"The six Angus and'nine.Hereford'herds were‘selected on the
basis of 1) numberjofAyears of petformance'testing; 2) size of herd,
3) accuracy of data and 4) to otovide:a;cfoss-section‘of the state.
Figure 1 shows an approxinate'distrlbution of'the herdsdwithin the
.state. The eastetn tWo-thirdsfof the-state ls-high praitie and
fOOthlllS, with an annual preclpltatlon of 25 to 40 cm. The western
portion of the- state is. mountalnous Wlth numerous valleysandnmadows.
Westetn prec1p1tatlon yaries considerably, ftom 25 cm in rain shadow
areas'to:200-cm in high snovfall and western sloperregions:"
Calves born after June 30 were excluded from the data._'Exclusion‘
,of the 1ate summer and fall born calves had the effect of -elininating

" all creep-fed.calves,




Mountains

Prairie and foothills

Figure 1. Distribution of the studied herds, Angus (A) and Hereford (H), within the
state of Montana.

-17g_
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Records were available from 1958 fhrough 1973 although all herds
were not_represented in all vears. | |

The pasture unit denéted the specific within herd pastufé'where
the'calves were'raised from birth to weaning. When pasture units
differed within herd and year, the weaning wéights‘Weré corrected
'édditively within that herd and year. The corrections were made to
the pastﬁre unit which contained the greétest number-;f aﬁimals; A
total of 525 Angus calves in 18 herd-year subclasses and 731 Herefords
.in 27 herd-year suBclassés were adjusted for pasture units.

Preliminary edits.eliminated any sfegrs ffom thé anélysis. The
Angus data contained nearly equal counfs_of males and females. 'Chi-
square analysis showed them to be esseﬁtiall& equal in number.» The
Hefeford data showed a wide disparity in sex count overall. Hoﬁever,
when year within herd éubgells were considered, most of.those subcells.
which contained botﬁ éexes contained them iﬁ aépréximé?ely equal
numbers. In herd;year subcells which contained unéqual numbers of
each sex, as determined by Chi;square analySis‘(P<.01); the female
records were elimina;ed.- |

All dams eleven years of age andlolder were pooled as-one
category and other ages were grouped_within 6ne year classifications
as recommendédAby B.I.F. (1972). |

- ‘Additive within Herd and year corrections were made for post-

weaning feeding un;t, if_needed.-_A'leaét squares éngiysis was @ade

of each herd where there were different feeding units within a sex
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and year. A significant feeding unit effect indicated a need fo:.
-corrections. Corrections were then made to that feeding unit which
contained the largest number of animals; -Angus feeding unit correc-
tions involved 294 éalves in five sex-year-herd subunits.. Four
hundred threé Hereford calves in 17 sex-year-herd subunits were
corrected for feeding unif differences.

Only those calves With.actﬁal birth weights were‘included'in the

hing less

-analyéis of birth weight and prgweéning gain. gglveéﬂwgig
W&E? kg at birth w:ﬂ'ere excluded from the data.
This range would eliminaté gross record errors but would still include
legitimate birth weights. " No. Angus and four Herefords were eliminated
by this edit. |

Due>to the Qisparity in the number of each sex represented in
the Herefords, one Model.f, (described later), run was made with the
females corrected addit;vgly to'bull'basis.on a within herd basis.
Additive adjustments were“uéed to insure that the variances would not
be affected.

Weaning weights were available for all calves in the sfudy.
Cglves weighing less than .90 kg or more than 450 kg were eliminated,
leaving a wide enbugh interval to include ény legitimate outliers
while removing.record errors. For thé same_reaéons, calves weangd

at earlier than 100 or later than 300 days were excluded. Thirty

Herefords and 21 Angus'were eliminated foﬁ weaning wéight
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irregularities, while three Herefords and three Angus were over 300 -
days of age at weaning.

In order to utilize as many records as _possible, two separate
e T BT TEREcmeny | Seammmrmm—ce o

)

Model I (descrlbed later) analyses were made w1th each breed . In the

[E— R Tt S RO T 7 Mo £ . s

first analys1s, only those &ear-herd subceii:)w1th both .sexes repre-

e e TET e

S ——

sented were included. The females were then adJusted to a male basis
ittt .

by an addltlve Withln herd correction factor. The second analysis .

e

included the adjusted females plus all the males.

Each record which included a:final feedlot weight also contained
an initial weight at the beginning of the test and the total days on
test. The number of days during the warm-up perlod ‘between Weanlng
date and the initiation of the test were not noted and thus the exact
age at the conclusion of the test was not known. However, the warm-up
period_and the number of days on test were constant within herd, year.
and sex and valid results could be obtaiqed. |

Edits excluded from final weight analysis any animals weighing
less than 180 kg or more than 700 .kg.

Birth, weaning and final feedlot or pasture weights were-
e e — . ‘

s il R

NfEfEZEEE—EZ~£EiiE_iEEireS methods as outlined by Harvey (1975). Each
-trait was analyzed in a model in Which years were treated as fixed
effects (Model I). - The three welghts plus pre- and posrweaning gain
were analyzed ie a model in which the years were considered as random

sources of variation within herds (Model II) (Harvey, 1970).
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Due to the wide range in area and possibly management practlces,’

it was decided that Model II would be most appropriate for thlS data.
Specific years could not be assumed as having the same effect on all
herds. However, Model I was used in order thatttimetrends cnuld be
examined. In addition to the scientific interest in time trends as

a possible indication ef genetic trends, the association which supplied
the data had expressed an interest in obtaining time trend resu;ts.

The comp051tlon of. Model I was: o

e -

¢ Yle /—{+d +)9J + (J\P)lj + g bR ) +e1Jk

where Yijk an independent observation from a normally distribubed
population

ﬁb = the overall population mean
. th

(e, + B.) classes of« and the
1 3

a set of fixed effects of the i

jth classes of}3expresaed'as deviatinns from the overall
mean A1 (« and B are used as general symbols and are not
specific’ clagses).. |

(453515 = the set of effects of the tjthd)?subclasses'after tne

average effects ofol and B have been removed and expressed

as deviations from the meanA

a set of partial regressions of Yijk on x where n denotes

g_ b™ (x)
n=1 i _ — .
the degree of the regression, n=l is linear, n=2 is

quadratic and n=3 is cubic

€ijk = the variation which cannot be-accounted for elsewhere

.




-59 -
in the model, assumed to be'NIﬁ (0,0(2)
The set (4; + ﬁj) contéined herd, sex, and age of dam‘effectg
forlboth breeds in birth, Weaniﬁg and . final feedlot weights. Year

effects were inéluded.aS'simple main effects in all cases except’

Hereford birth weights where herd-~year subcells with equal numbers of »

each sex were present in_only two herds and non-overlapping years.

Initial analysis was made on this data with feafs considered as- fixed

effecfs within herds. Within herd additive correctibﬁ factors for
sex differgncés were calculated from the'inifialvanalysié and a
second analysis was made with'fémales adjusted té a male basis and
allvmale records ffom‘all herds included; A siéilar analysis was done
with weaning weights for both breeds in an effort tb‘include as many
recérds as possible in Model I analysis.

The QAB)gj_setincluded sex by herd interactions fér'ali'three
traits in both bréeds.' Herd by age of dam intéractions were in all
.anaiyses.except Hereford ﬁeaning and final weighfs.. Herd by year

interactions were included in all analysis except Hereford birth

weight. In weaning weight analysis where the year by herd interaction

was not included in initial analysis due to program space limitations,

a second analysis was made with herd by.yéar as the>1oqe interaction.
Sex by age of dam interactions were included in all Model I°
analyses. Sex by year effects were includeéd in birth and weaning

weight analyses fb:,both breeds but not in finai'weight@analyses for-
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either breed. The age of dam by year‘iﬁteraction'was not ‘analyzed
due to program space limitations.

. The (g’ b™ (x) set cons1sted of blrth welght regressed on day

|5 W -

n=4- .

of birth and weaning weight regressed on.age at weanlng.

e a LR o annEs

The comp031t10n of Model I1 was:

Yik1 A4 +ﬁ3 +°<(1)k *@n); -3 bn(x) + 813k1 3

) n=1
where Yijkl = an independent observation from a normally d1str1buted

pqpulation

H = the overall population mean .

qu+;Bj) a set of fixed effects of the ith classes‘dfd"and-the

'jth ¢lasses ofB.expressed as deviations from.the'

overall mean /.

d (i)k | a set of randbm effects where the kP ciass of £ islA
nested within a ith class ofd.

‘ - (4B

average effects of & and B have been removed and
expressed as deviations from the mean .

' é bn(x)

- n=1

e_set'of partial regressions of Yijkl on x where n
denotes the degree of the regression, n=l is linear,
n=2 is quadratic and n=3'is cubic.

.eijkl = the varlatlon of YiJkl Whlch cannot be’ accounted for
elsewhere in the model assumedlx;be NID (0 O'2)

The set Gml-FB ) contalned herd sex and age of dam effects

.the set of effects -of the'ijthdy‘subclesses after the
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in allrModeIIII analyses. _Ihe‘f(i)k set”qonsfsted df,years nested.
within herds. ' : |

The €A$)lJ set contained a11 combinatlons of f1xed effects
for a11 traits in both breeds. -Program space'llmrtations_in Herefbrd:
data necessltated analyz1ng ‘the weaning weightn}postweaning gain'and

'and final feedlot weight first w1th herd by age of dam effects in

" the model and sex by age of dam om1tted and then w1th sex by age of
dam 1nc1uded and herd by age of dam excluded

The g bR (x) set»was comprised of birth weignt and preWeanfng

n_
gain regressed on blrth date and weanlng welght regressed on age at
- weaning.

After the first Model II 1east'squares'runs were made, the

effects of sex and age of dam were adJusted both 51ng1y and together

and by both additive and mu1t1p11cat1ve factors.
W e C . , N .
‘To adjust for sex differences, the heifer calves were adjusted

"to a bull basis except'in thercase'of the industry's recbmmended '
factors where both heifers and Bdlls were adjnsted td a steer basis;
All correction_factors except'industry factors'(B}I.F.; 1972) were

- calcnlated and used within each breed.-»fo obtain additfve faetprs,

the 1eastjsquares mean of tnelheifer calves-was substracted from the

- mean of the bull calves and thisAdiffereneeIWas-added td eacn heifer's

.record. Multiplicatfﬁe components qensisted of ‘a ratio of bulls' means

to heifers' means. Each heifer record was.then multiplied by this

N——

ratio.
e e
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Age of dam adjustments were also made both additively and multi-
pliéatively. Corrections attemptedlgo put each record on a mature dam
basis. Adjustments were made to either a single age of dam or;a set
of dam ages. The single age was that age whbsé least square méan was
the greatest among the iO-ages of dams. The first set of dam 4ges
used was the industry fécommendation of the average of dams aged 5
to 10 years (B.I.F., i972). A second set of dam ages use& wés the.
mature set whose means weré not significantly different as determined
by Newman-Keuls' test (Snedecor and Cochran, 1967) fér homogeniety
of means, if'this set differed from the first set.

Additive factors were obtained by substracting each age of dam
I - -'W

S — R SR
mean from the mean of the desired age or set of ages. Multiplicative
oo M,WEG?‘ e e s a s mTaE - - N T

factors.were calculated as ratios of the individual ages of the

Sams e e o e o L

desired age or set of ages.
T»& L .. 7MW=-—§* e o

Adjustments were made to correct ﬁor.both gge.of dam and sex
effects. The age of dﬁm.factors were considefed first and the sex
factofsjsecond. All possible additive‘and:mumtiplicatiVe combinations
of correction factors were uged.

Model III analysis included only‘those calves with actual birth
weights and valid weaning and final wgights. Model III contained all
the elements of Model II plus the addition of a random sires within
random years within fixeduherds effect. Model III was used to esti-

mate genetic parameters as outlined by Harvey (1970).
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Heritability‘(hz) was estiﬁated by paternal'half-sib analysis

' (see Falconer, 1960). The her1tab111t1es were calculated as four

o o

ettt
times the sire variance component (half s1bs have one- fourth of thelr

ek e s

genes .in common) div1ded by the sire plus the environmental varlance

o ey e

omponents: | S e S
_com ts: oo 9. N )
A AL S e 4 . ‘ . h2 = 4 df s
0'2 + o2
S e

lhe genetic correlations were calculated by four times:the between
sire‘covariance cbmponent divided by the,square root of the'product
of the sire variance components.of the covariates:
.fhlé Cov X y.

Blrth weight;_oreweaningu average daily gain,'weaning weight;
_postweening average daily gain and flnel weight were all included as
- dependernt variables in Mouel lII.enelysis, lhere were only 85
Hereford female complete records available; so‘the initial Model III

analysis:was made with 1379 Hereford bull records. ‘A second Model III:

analysis (Model IIIa) was then done with'weaning‘welght_records only of

3?34_Hereford,bu11s‘en& 2065 Hereford helfersi

Addltlonal analyses,nere’made wlth'Model III and Model Iila to
obtaln estimetes of'variénces within sex and age of dam classifications.
kesults~were obtained‘from analyzlng individuel sexes, ages of dam
and sets ot ages of_dam'both before and after corrections factors were-

used.




NUMBERS OF RECORDS AVAILABLE FOR EACH ANALYSIS

TABLE 7.
Type Birth ~ Preweaning Weaning Postweaning Final
analysis weight gain weight gain weight
: Male Fem. Hds Male Fem. Hds Male Fem. Hds Male Fem. Hds Male Fem. Hds
Model I : : - -
Angus@ 1579 1636 4 - - - 1959 1919 6 1722 1420 5 1722 1420 5
- - - - - - 5971 - 6 - - - - - -
"Hereford? 373 294 2 - - - 1535 - 1422 »8_4_3301 1429 9 3301 1429
1707 - 4 - - - 5980 - 9 - = - - - -
Model II - - . ) )
Angus 1623 1696 4 1623 1696 4 2968 2934 5 2017 2669 5° 2017 1669 5
Hereford 1781 290 4 1781 .290 4 3900 2050 9 3301 1456 9 3301 1456 9
Model III o ' : . :
Angus 1101 1012 4 . 1101 1012 4 1101 1012 4 1101 1012 4 1101‘ 1012 4
Herefordb ;1379 - 3 1379 .- ,3l 1379 - '3 1379 -3 1379 - 3
- - - - - . = -+ 3934 2065 9 - - - - - -

carried out with only those sub-cells containing equal numbers of each sex.
analysis was then done with females corrected to a male basis and all data was included.
Model III analysis of Herefords was. done with only males represented for each trait and

then with both sexes represented for weaning weight only (Mbdel I1la).

‘@ Model I analysis of Angus weaning and Hereford birth and weaning weights was first

A second

_179_




. RESULTS AND DISCUSSION

Model I Analysis

Model'I.analysis was carried out primarily to stu&& time trends.
As cémplété a model as possible was used, but 6n1y those‘méin and
interaction effects involviﬁg years will be discussed in this section.
The others will be included in Model IT analysis. Pertinent reg;eséions
at the linear, quadratic and cubic levels were included in Model I
analysis. Those regressions which were éignifipanf at.the cubi? Level
were retéined in Model II'while'the»others were réduced to quadratic

and linear levels for further'analysis.

— — e -

Birth weight. The;Mbdel I analysis of variance table for birth
weight (table 8) shows_thgt"all'main effects were generally'highly
‘__,_..,..__.—-- A e - . e T e e - e

significant (P<.0l). The herd by yeaf interaction was highly signifi-
e e T : - S TR

cant (P<.0l) in both breégg. Sex by year interactions were significant

——

e

(P<.05) in the A;gus data but not (P>.10) in the Hereford data.

Least squares means and standard errors for birth weigﬁt were
50.91;1 kg and 28.5%* 2 kg for Angus male.and female calves, respective-
1y; The least squares mean for Hereford female calves was 52.5323 kg..
The least squares mean for Hereford male calves was 34.7%.2 kg before .

_adjustments and 35.9+.1 kg after females were adjusted to a male
basis and‘herds containingﬂonly male birth rec&rds were included.

The mean (and standard deviation) for day of year born was 77
(26) days in Angus and 94 (30) days in Herefords. After the Hefeford

data was adjusted and the bull only sub-units added, the mean (and




-66-
standard deviation) was 84 (31) days.

Figureé 2 and 3 show the results of regressing least squares

" means of birth weights of Angus and Hereford calves, respectively,

~on years.

TABLE 8. LEAST SQUARES ANALYSES OF VARIAﬁCE FOR BIRTH WEIGHT ~ MODEL I

Angus Hereford?® HerefordP

Source ) df Mean square df Mean square df Mean square
"Herd  (H)- 3 975.9%% 1 .3 3 1353.6%*%
Sex (8) -~ .1 . "1119.6%% 1 568, 2%% - -
Age of dam (A)_ 9 160.9%% 9 69, 6%% 9 198, 1%%
Year (Y)€ - ‘ 10 262, 1%% 6 88, L#% 11 40, 6%*%
HXS 3 27.7% 1 12.9 - -
Hx Al 27 21.4%% 8 8.4 26  23.2%%
Hx Y |, 17 85.54%% = - 18 29, 8%*
Sx A / 9 19.1+ 9 18.0 - -
S xY : 10 21.8% 5 15.0 - -
Regression on day of birth ’

Linear ™ _ 1 16.0 1 362.3%% 1 187.6%%

Remainder 3124 10.4 625 12.1 1638 12.0

a Included only those herd-year subcells with both sexes represented
equally,

b Female birth weights corrected to male basis and a 11 subcells
included. ,

C Hereford? - Years analyzed within individual herds.

+ P<.10.

% P<,05.

*%p<,01,
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The ayerége birth weight of the Angus calvés in fhe study in-
'éreased at a rateé of .29 kg per year. ngeférd bull calves' birth
weights increased at gﬁé‘rgte of .31 kgfper.year. Appeﬁdix figureé 23
and 34 show the birth weight least squares means for each hérd and
year. The figures ihdicafe that the pbsitive regressionIWas n6£
due to either above avéraée herds having records only in the later
years or to below average herds having'¥ecor§s only in the early
years. o |

The sex by year interaction in Angus is noticeable in figure 2

agﬁg_gpﬁvergence of_phe'male and female regression lines., Although

RS [
o

botﬁ sexes'shqw<positivg_gggressiggs»fPé:ai); the female: calves
appearéd to_showma:steéper slope‘than the males (;he‘slopeé'are not
significéntly (¥>,05) difﬁerent from one another). One expianation of
this phenoﬁenon could be that there aré.sex-linked genes involved.

As seleg;ippNPregsqégwﬁqr_increased size was_fppiigd, the females
requp@ed'more_§h§q>th¢ malgs due §g~the Pr?f?ﬂFG of addit;onal?
‘"poéipive" genes on Eﬁeir‘extra x~chromosome or possibly the absence .
of A"negativef genes on the male Y-dhromosomg. A second explanation
;ould be tﬁat §e1ectioﬁ changed the relative hormone balance;éf the
females. As they were selected fér increased siZe, they were ﬁéfhaps'
iﬁadvgrtantly but sim@ltaneously selected for increased levels of |

androgens. If that was the case, the gféph represents a diminishing

of sex differentiation overall. A third theory is that the bull
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calves are reaching the limit of their dams' uterine capacity. As
selection pressure for increased size Qas applied, the calves increased
at a relatively faster rate than the &ams. The bull calves were not
able to reach their full potential size while the female calves, being
of naturally smaller size, were able to grow to a relatively 1arger
size,

The 51gn1f1cance of the sex by year interaction is important

- - raa P e
— M A ettt et

when con51der1ng add1t1ve~versus mu1t1p11cat1ve adJustments for

— e remTea e

sex effeqts. An overall additive factor would not be able to decrease
Yy e

the effect of the interaction.~ The additive factor would tend to

overadJust those records represented by the converging end of the

graph and under-adjust those records on the opp081te end, A multipli-
s e
cative factor could reduce.the interaction effect, but’only if the

converging end of the graph were in a negative direction. Therefore,
e TR

if the sex by year interaction is considered important, the way to

i e L

correct for it would be to use a sliding-type additive factor or_ a
LALnE=LIPe cLtot

multiplicative factor if the sex differences increased with time.
- .- [P el - . e

~—

Weaning weight. The least squares analyses of variance for

weaning weights by Model I (table 9) showed -that year was a highly
significant (P<.0l) and the herd by year interaction was highly

significant (P<.0l) in both breeds.
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Leasf squares meanslgnd'standard errors for weahing weight of
Angﬁs male and female_calves were 219zl and 19511.kg; respectively,
‘for the initial analysis:and 2131 for bull célves after sex adjust-
"ments and additions of :bull only herd-year subcelis. The mean (and
standard deviation) for aée of weaning was 215 (24) days initially
and 217 (25).days for the second anélysis; ﬁereford'least équares
meané for weaning weight for the initial analysié were 213*1 kg for
males and 193%1 kg,ﬁof'femalesu After adjusting femaléé to a male
basis and including the'mgie-only‘ﬁefd-yéar subcells the.léaét
_ squares’mean was 211*1 kg. Méans fand standard deﬁiations) for aée '
at weaning ﬁére 210 (24) days for initiélhahalysis and 211 (25) déys
for the second. | .

‘The results of'regression weaning weight least squares means
on jears for the sex adjusted data sets aré shown in figures 4‘and 5:
The regression analysis of time trends for weaning weight (figures 3
and 4) exhibit the same general shéped curvé_for‘eéch'breed. The
overall regression of weéning weight on year was significantly (P<.05)
posifive in both breeds (RZ =-.68 for Angus énd”.44 for Herefords).
Visually, the fiéures indicated two linear trends, pre=- and post;1965,'
rather than one alebraic curve. A regreséign.of"Weéning weight on.. |
_years through 1965 resulted in a negative (E = -.,46 kg/yr) non-
significaﬁ£ (PP.QS, 32 = .03) regression in Angus and a bettér fitted

2

(R = .75) but still negative'(b'= =2.57 kg/yr,‘(P<.01) regression in
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TABLE 9, LEAST_SQUARES ANAIYSES OF VARIANCE FOR WEANING WEIGHT - MODEL I .

* P<,05. .

Angus Hereford -
Source df Mean square - df Mean square
' Males - i o
Hexrd (H) R : 5 191783%% 8 - 224762%%
Age of dam (A) © 9 - I31494%% 9 . 54598%%
Year (Y) 13 27523%% 14 - 42161%%
Hx A . 45 1008%% - . . - -
CHx ¥ - 25 12917*¥3—f - 51 7004%%
Regression on weaning age " L o
Linear 1 522693 . 1 661913%* .
Quadratic 1 34478 1 ¢ 1302
Cubic N1 4126%% 1 153 -
"Remainder 5795 - 460 5945 639
oo " Both sexes
- Herd (H) 5 59737%% . © 7 37601%%
Age of dam (A) -9 21472%% 9 27297%%
© Year -(Y) 7 11662%* . .10 17467%%
Sex- (8) o1 71373%% ‘L 82122%%
Hx A 45 1438%% Ce : -
Hx S 5 L7 4%% 7 . 2065%%- -
AxS "9' 1070% 9 + '1038*
Y xS 7 ~ 1L04%. . 10 :r1169**
Regression on weaning age - N .
o ' 48826%%. L. © 51028%*
Remainder 3787 454 2901 . - 470
*%p<, 01, .
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Herefordg. Regressing weaning weight on years from 1965 on showed
significant (P<.01), positive (4.81 and 4.12 kg/yr for Angus and
Hereford, respectively), and well fitted (R? = .87 .and .80, respec-
>tive1y) linear regressions.‘ It should also be noted here.that the
summer of 1965 was short, wet, cold and é;ormy,"préceded'by an
especially long hard winter and followed;by én'eariy,'wet'and col@j
autumn (Climatological Data, 1965). The efféct of this particular

year is quite noticeable in the weaﬁiﬁg weight and to a lesser extent
in the birth weight data. The general increaéé‘in weaning weiéhts'
could bg due to improved ma@agemeht (environmgntal) conditions or to -
genetic improvément or to a combination of the two. In thé,iaté 1950'$
or early 1960's, each of these herds entered into a selection pfogram .-
5ased on performance recordé. No assumptions éan bghmAde céncerning
ﬁhei? reséective selection programs prior to tﬁis time._uThé shape of
the weaningiwéight.time trend (figures ‘4 and 5) curve lends itself to

an interesting speculation. Although these cattle were under selection

pressure for ihcreased weights .for a period beginning in the late 1950's,

it was post-1965 before a steady; significant gain in average weaﬁing

weight developed. Major time trend studies on the effects of selecﬁioh :

by Wallace (1968), Falconer (1960), Lermer (1958) and others use
generations as a time base rather than years. Perhaps it would have
been better to use generations rather than years in this study'bﬁt,

there was no way to estimate the generation interval in this data.
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‘Rice et gl. (1970) give an approximate average'generatiqn‘intervél'
| in beef females of 4.5 years. If the period 1959 to 1965 is assumed
to be approximatgly‘one generation interval, the curves_in'figures 4
and 5 suggest that one fﬁll generation elapsed before theieffects of
selection were notiéeable;

Newman et al. (1973) observed the same type of response curve in
their 10-yeér study of beef Shorthorns selected for increased yéarling
" ‘weight. They repofted a.4 to 5 vear lag before a regular adyance was
méde in the last 6 years of the”étudy. They' reasoned thaﬁ the response
was irregular until a sufficient amount of selection differential was
"accumulated. |

Brinks et al. (19655 noted in a study of Hereford cattle selected
: for increased weaning weight from 1934‘tﬁfough 1959'thét the response
(as measured by a regressidn of weaning weight on years) was grgatér

in the period 1943 to 1959 than it was in the period 1934 to 1943..

Chapman et al. (1969) found in a 7-year study of Polled Hereford bulls -

selected for'singlgltraits tﬁat the response. (as measured by weaﬁing
weight régresséd on years) was négative over the 7-year period for
bulls selecteé for weaning weight, pﬁstweaning rate of gain, yearly
type score and an averagé of these thréé traits. -

Postweaning. Least squares analyées of variance for postweaﬁing
galn and final test weight (tables 16 and li) showed that'years'and'

herd by year interactions were highly signifteant (P<.0l) sources of
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variation for both traits in both breeds. -

The least squares means and standard errors for postweaning gains
were ,970%.005 and .4362.005 kg/day in Ahgus males and females, ?espec-
tively.'~The:1east équares means.fof the same respective.sexes in -
‘Herefords were 1.084%,004 and .591%,007 kg)day. The disparity begﬁeen
the gains of the sexes is due largely to differences in postwéaning
j envifdﬁment.'vThe bull calves iﬁ this séudy Were.put in feedlgts and
the heifers in pastures or in a feedlot on a growing ration. Angus
bull calves were kept on postﬁeaning test for a 1éast square' mean
period of 162.5%,3 days and Hereford bulls for 156.7%.3 days. At the
end of the test their respectiv¢ least squére ﬁeans for final weights
wére 378&1 and 391%] kg. Angus heifer cal%es were on postweaning test
for a least square .mean period of 164.9*.5 days énd Heréford heifers
~ for 170.0%.4 days. Their respective final test weights were 274:1'and
298+2 kg. -Figures 8 and 9 shéw regressions'of final test-wéight on |
years. Fitness of 1inearity as determined by R2 was .27 for Angus and
.43 for Herefords. The value -of this analysis‘is limited however,
‘because the final test ﬁeights were influenced by iqitial weight and
days on test. A more valuable analysis was regressidn Sf'poétweaning
gain on years (figures 6 and 7). Although'both Breeds‘shOWeq positiﬁe
regressions .of least squares means postweaning gain on years (.0054
kg/day/year in Angus and .0021 kg/day/year'in Herefords), neither

regression was significant (P>.10). Overall, the results ‘indicated
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an increéase in weaning weight with time and suggest the possibility

that weaning weight increased as a result ef'direg;”aelection“egiahixth

weight increased as a correlated response. .

There‘was no noticeable depressioh‘in final test Weights or
postWeanlng gains for the year 1965 as there was'for blrth and wean-
- ing welghts. A pos31ble explanatloh lS that although the year was cold
and wet, 1t d1d produce a good hay crop (Ballard and Ryerson, 1973) and
calves that survived the weaning perlod were not nutrltlonally 11m1ted

after weanlng.
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LEAST SQUARES ANALYSES OF VARIANCE FOR POSTWEANING GAIN

TABLE 10.
MDDEL I
Aggﬁs Hereford
Source df Mean square af Mean square
Herd (H) 4 2.4886%% 9 2,5086%k
Year (Y) 10 L9921 %% 11 .9585%%
Sex (S) 1 141.4878%% 1 . 480.4075%%
Age of dam (A) 9 .0240 9 0177
Hx Y 17 . 3849%% - 50  .7180%*
Hx S 4 3. 4609%% 6 - 2.,9965%%
Hx A 36 « 0405%% - -
S x A 9 .0316% .9 .0098
Remainder 3051 . .0158 | 4635 .0192
%% Pg,o:[,.- —
* P<.05.
TABLE 11. LEAST SQUARES ANALYSES OF VARIANCE FOR FINAL TEST WEIGHT -
MODEL I R o
Angus . Hereford
Souxce df Mean square df Mean square
Hexrd (H) 4 145159%% , 8 212091%*
Year (Y) 10 57642%% 11 4887 2%%
Sex (S) - 1 . 5377825%* .1 2825636%*
Age of dam (A) .9 9889%% 9 61415%%
EHx Y : 17 13588%% . 50 33610%%*
Hx S 4 82707%% ' 6 71410%%
Hx A 36 -2385%* - -
S x A 9 1510 - 9 616
Remainder 3051 1132 - ; 4635 1214
*% P<,0l. . .
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Model II Analysis

Birth weight. Table 12 presents fhe analyses of. variance for
quel 11 aﬁalysis of Angus and Hereford birth weiéht._ All‘main effects
were highly significént (P{.dl).' Sex By herdAinteracfiqn-effects were
highly sigﬁificant (P?.Ol) in Angus but.nbt in Herefords (P>.10). The
difference between the least squares mean birth weights of the sexes
within each Angus'herd is shown regréssed on the herdlavérage in
Aﬁpendix'figure 25. The regression coefficient was .26 kg difference/kg
herd average (R2=.17, P».10). There was é suggéstion of a tfend that -
higher herd averages mean greater sex differencgs. Further discussion
. of this "trend" and its poésible significance are diécussed under Model
iI analysis of weaning weight. The Hereford birth weight data had both
sexes represented in only two herds so trend analysis of this type was
not possible in Herefords.

Herd by age of dam interactiqn effects were significant in both
Angus and Herefordé (B«uDi and P<.05, respectively).. Figﬁres 10 and -
11 show the birth weight and age of dam rélationsﬁip wifﬁin herds for:

" Angus and Hereford, respectively. Viéually, thefe appears fo be only
random fluctuations in the respective curves whicﬁ cumulatively‘would
have caused the interaction to be statistically significanﬁ. ‘The sex

by age of dam interaction was. significant (P<.05) in Angus and approached
signifiéance (P<.10) in Herefords. Appendix figure 26 shows fhe least

squares means of Angus birth weights for the individual ages of dam
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TABLE 12. ©LEAST SQUARES ANALYSES OF VARIANCE FOR BIRTH WEIGHT -

MODEL IT
Angus Hereford

Source df Mean square .. df - Mean square
Herd (H) '3 1091.60%% 3 1445 ,00%*
Years/herd . 29 134,70%% 31 51.84%%
Sex (8) . : 1 2004, 39%% - 1 ' 587.37%%
Age of dam (A) ° 162, 59%%* .9 106.59%%
Hx S 3 43,97%% 1 24,28
Hx A ' 27 20.03%% 26 19.67%
S x A 9 23, 46%% 9 21.65+
Regfession on day of birth . ' .

Linear - 1 28.24 1 187.56%%

Quadratic - L 164.93

Cubic - 1 65,85%
Remainder 3234 10.32 1991 12.18
+.P<.,10.
* P<,05.
*%¥P<,01.
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within each se#. fhe difference betweeﬁ the least sqﬁares means of. the
sexes averaged 1.8 kg for dams aged 2, 3 and 4 years and 2.2 kg for

mature dams agéd.5 years aﬁd older. The sugggstioﬁ'of a trend appears
to follow one 6f the thgofies put forth in Modelll anélysis'gf Birth,

- weight: qterine_space limitations may have c;used the birth weight
differences of the individual sexes to decrease. The bull calves were
reaching the limits of growth due to sPaée limitations ﬁk1the;youﬁgef
(and thus smaller) dams, while the heifer calveg being of naturally
smalle; size than the bull calves, were able to grow to a relatively
larger weight. A

. The partiai regression of birth Weight,dn day bf.year born was
gignificant (P<.05)_at the cubic level inAAngus.- The partial regres=
sion equation was ¥ = 30.68 kg + (~.0067 kg/day) (X days - 77 aayS) +

" (~.0034 kg/dayz) (X days ~ 77 days)2 + (.000004 kg/days) x dayﬁl- 77
days)3. The mean dhy of year born for Angus was 77 with a standard
deviation of 26'days. | _

In Herefords, Model I .analysis had shown the gubic and quadrafic
partial regressions of birth weight on day of birth. to be unimportaﬁt
when analyzed separately. Therefore, only the linear’partial regres-
sion was analfzed in Model II. The highly significant.(P<.0L) linear
partial regfession coefficient was .016 kg/day. The mean day of birth
was 86 with a sfandard.deviation of 31.days. Kfess and Burfening (1972)

- found regression coefficents of .0l4 and- -,009 kg/day for Angus and
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‘Hereford, respectively. |

The means fet individual sexes are presented Ih table 13'for'both
Angus and Hereforde. The respective'additive and,multiplicative'seg
adﬁustment factofs'were female birth ﬁeight'pius 2‘1 kg.ahd femaIe.
birth Welght times 1. 07 for Angus and 2:2 kg and 1.06 for Herefords._

IIt is of 1nterest to note here that Angqs had the smaller add1t1ve

e it S VORI

+ = iz,

. factor and the larger multiplicative factor, 1nd1cat1ng that the d1f-

ference between the mean blrth welghts of the sexes was 1ess for Angus
e
when compared to Herefords but was 1arger when compared to the relatlve

e I

overall birth weight means..

N

TABLE 13. BIRTH WEIGHT LEAST SQUARES MEANS AND CORRECTION FACTORS FOR
INDIVIDUAL SEXES ' .

—

No. of Least squares _Correction factors
Breed and Sex calves  ~ mean . . Additive . Multiplicative .~
"Angus ' : . L '\ '
Males : - ~1600 o 31.7%.31 ' T
Females - | '1688" 29.6%,31 - Q.1m LL.07
Hereford . . o . oL
Males ' 1781 36.1%,31

Females : 200 .33,9%39 - 2.2 . 1.06
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TABLE 14. BIRTH WEIGHT LFEAST SQUARES MEANS AND CORRECTION FACTORS FOR -
. " INDIVIDUAL AGES OF DAM

Age of No. of - . Least squares . - Correction factors .
danm calves mean (kg) ~_Add. Mult. "Add., | Mult.
Angus
. o 6 years’ . __5-10 years
2 571 - - 28.8*.34 2.6 - 1.09 2,2 1.08
3 520 ©30.0%.34 1.4 1.05 ‘1.0 - 1.03
4 445 30.5+.34 .9 1.03 .5 1.02
5 348 - 30.8%.37 . .6 1.02 - -
6 318 : ©31.4%.38 e - L= -
7 232 + 31.0%.39 . L4 1.01 - -
8 - 219 31.0+,40 4 1.01 S -
9 - 168 ' 30.9+.41 .5 - 1.02 -
10 " 129 31.0%.43 o 1.01 .- -
11+ 338 31.0+.36 "ot 1.01 0.0 1.00
. Hereford
2 200 - 32.2%,59 3.6 1.12 3.2 -1.10
3 337 T 34.3%.41 1.4 1.05 . - .9 1.03
4 ~ 351 . 35.5%.41 : .5 . 1.01 .0.0 1.00 -
5 272 - 35.8%,44 0.0 1.00 - L=
6 248 o 35.9+,46 - - - -
7 208 35.4%.54 .5- 1.01 - -
8 136 : 35.14,61 ) 9 . 1l.02 - -
9 120 36.0+.62 0,0 1.00 = =~ -
10 85 " 33.4%.69 2.7 1.07 . - -
11+ 114 36.1%.61 -.9 .99 -.9 .98

2y .,0%
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Similar sex differences were found by - Burris and Blunn (1952)

::_‘whose results showed a’ 9% sex difference in Angus and a 7% difference

in Herefords. Marlowe (1962) found a 9% sex differenceriﬁ.the birth 'J

weight of Angus calves and a 6%.difference in Herefords. . Similar
percentages but d1fferentrank1ngwere found by Taylor et al (1960)

with an Angus sex dlfference of 7% and a Hereford dlfference of 8%.

Tables 15 and 16 show the effects that adJustlng for sex effects'.

had on individual source and error mean squares in- Angus and Hereford
birth welghts, respectively. Both additive and_multipllcatlve factors
ﬁithin each breed reduced to.the sex'mean square . to essentially the

same nonsignificant (P».10) point.

- As the multiplicative factors affected the  interaction mean

squares, they also affected the error mean square, and thus the value
————— e ————— T A ) ‘ e
of the trait mean équare'to error mean square ratio: (the F-ratio).,
M\_/""' ' ) :

While the multiplicetive_eex edjustments reduced. the mean squares of

the sex by herd interaction by 9 and 7% in Angus and Herefords,

respectively, they also reddced‘the respective-F-ratiosisquares by 9
and 17%. The,mean7square of the sex by age of dam interaction was
increased by 3% in Angus and 10% in Herefords by the multiplicative’

' sex adjustments. .The F~-ratio for“the‘sex byiage of'dam'iﬁteractién

was -increased by 9% in the Herefords and decreased by 44 in the Angus.'

In nelther breed was. the overall 1eve1 of 81gn1f1cance of the inter-

actions changed.




TABLE 15. EFFECTS ON MEAN SQUARES OF ADDITIVE AND MILTIPLICATIVE SEX AND AGE OF DAM
ADJUSTMENTS FOR BIRTH WEIGHT IN ANGUS CALVES ]
. Trait Ad justment Type of
Trait df adjusted basis adjustment Mean square F-ratio®
Sex (8) i 1 None - - 2004 ,39%* 194,22 (.000)
‘S Male Add 11.68 1.13 (.288)
S Male Mult .20 .02 (.882)
Age of dam 9 None - - - 162,59%* 15.75 (.000)
(A) A 6 yrs Add - 2.17 .21 (.992)
A 5«10 yrs Add ' 6.36 .62 (.789)
A 6 yrs - Mult .78 .07 (.999)
A 5-10 yrs Mult 6.51 .61 (.790)
S x A 9 None - : - 23.46% 2.27 (.016)
S - Male Mult 24,26% 2,18 (.021)
A 6 yrs Mult 24, 20% 2.19 (.020)
A 5~10 yrs Mult 21.89% 2.04 (.03
SxH 3 None - . - 43,97%% 4.26 (.006)
S Male Mult 40,37% 3.63 (.012)
AxH . 27  None - - 20,03%% 1.94 (.003)
: A 6 yrs Mult 20.83%* 1.89 (.004)
A 5-10 yrs Mult o 20,47%% '1.91 (.003)
Remainder - 3234 None - Co- . - 10.32
S Male . Mult 11.12
A 6 yrs Mult 11.03
A * 5«10 yrs Mult _10'74

#%P<,01, *P<,05, taken from individual analysis of variance tables.‘
2 pssoéiated P-value in parenthesis.

/

s

-ZG—
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Model III analysis of iedividual sexes showed that while Angus
females has less (P<.05) wvariation in the unedjusted data, the multi-
plicative correction factors used raised the female variance to such
a degree that the disparity was greater than before correction (Appendix
table 41). The male variance was 5% larger than the female ﬁariance
before adjustment and the female was 13% larger than the male variance
after multiplicative adjustments. Cundiff et al. (1966)~E§E§_ngmfki}ity
of the_Fyltiglgggtiye*factor to equaligewtgs_yariances as a major in~
flueQEE~EEMEEEir‘EEE£§;onrto select.multiplicative factors over addi-

A T e
tive for sex adjustments of weaning weight. Obviously, the scalar

AV

effects of the multiplicative factor to equalize variances were of no
value in this particular Angus birth weight énalysis.

There were insufficient numbers of females available for Model III
analysis of Hereford birth weight to make-valid sex comparisons.

Overall, both additive and multiplicative sex adjustments had

e M2 .
the ability to reduce sex effects to non31gnif1cance. The multipli-
T —— e e s = —

cative factors were the preferred method of correcting for sex effects
i o S P o o ;%M<~Mw..——-——

in this study due to their ab111ty to reduce the sex by herd 1nteract10n.

. e i e o e = P it s e e et ima ee s e st em

Figures 10 and 11 show the curves,represented by the least squares
means of birth weight of the individual ages of dam for Angus and
Herefords, respectively. Age of dam,. least squares means and adjustment
factors calculated from these means are presented in table 14, Table

15 and 16 show the results of using these factors to adjust for age of




TABLE 16. EFFECTS ON MEAN SQUARES OF ADDITIVE AND MULTIPLICATIVE SEX AND AGE OF DAM
ADJ'USTMENTS FOR BIRTH WEIGHT IN HEREFORD CALVES i

Trait Ad justment Type of

Trait df adjusted basis adjustment Méan square F—ratioa'
Sex (S) 1 None - - " 587.37%% 48.22 (.000)
: S Male Ada . 1.63 .13 (.719)
S Male Mult 2.17 .17 (.683)
Age of dam - . 9  Nome . -~ : - 106.59%% 8.75 (.000)
: A 6 yrs ~ Add - 4,68 .38 (.945)
A 5-10 yrs Add . 25.85% _ 2.12 (.025)
A 6 yrs Mult 1.67 : .13 (.998)
A . 5=10 yrs Mult 26.57% 2.14 (.023)
S x A 9 None - - 2165+ . 1,78 (.067)
S Male Mult 23.81% 1.92 (.045)
A 6 yrs Mult 25,17% 1.98 (.038)
A _ 5-10 yrs Mult . 23.05+ 1.86 (.053)
sxH . "3 Nome . - - 2628 1.99 (.112)
. '8 Male Mult’ 22,76 1.83 (.138)
AxH - 27 None - - 19.67% 1.61 (.024)
A ‘ 6 yrs Mult . 18.02+ 1.42 (.074)
A 5-10 yrs Mult = 18.36+ 1.48 (.053)
Remainder 1991  None - - - 12,18
) ‘S . Male Mult . 12.43
A 6 yrs Mult . 12,73
A : 5-10 yrs Mult . 12.41

*FP <01, *Pg.05, +P.. 10 taken from 1nd1v1dua1 ana1y51s of varlance tables.
a Assoc1ated P-value in parenthes:Ls.

-176_
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_dam effects on birth weight for the respective breeds., It is of interest
to note the differences in the multiplicative correction factors in the
two breeds.. The Angus 2, 3 and 4 year old dams required 8, 3 and 2%

adjustments, respectively, to §djust to the set of .dams aged 5 to 10

. ZEE;S. Theileereford contemporaries requikred- 10, 3 and 0% adjustﬁents
for the same fespective ageé. The data suggest that the Hereford dgms
may be less mature at 2 years of age but more mature at 4 years~of age
‘than theAngus. At the 2 year old 1eve1;:the Hereford dams required 2%
more adjustment than theAngus dams. By 3.yéars of age they were equal
and by 4 years the Hereford cows were at maturity while the Angus cows
still required a 2% adjustmént} _ |

Combined Angus-Hereford studies by Kress and Webb (1972) and Burris
and Blunn (1952) found that Herefqrd calves from 2,.3 and 4 year old damé
were relatively closer in birth ngght to the calves from the set of dams
aged 5 to 10 than their Angus contempéraries were, KrgSs and Webb found
that the cdlves of the 2,.3 and 4 year old Hereford déms'wefg 6, 6 and 1%
1igﬁter than the calves from the mature dams (5 to 10 years) and the
respective Angus claves were 13, 8 and 4% 1ight§r.- Burris and Blunn
found the respective diffefen@gs to be. 9, 3 and 1% in Heréfords and 12,

9 and 4% in Angus.‘

In the Angus data, all correction factors neutralized the age of

dam effect to approximately the same 1e6e1, whether additive or multipli--

cative, or to a single age or to a.set of ages basis. The multiplica-"

tive adjustment to a 6 year old dam basis caused an increase of 4%
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in the age of dam by herd interactioﬁ mean square;‘ It algo'caused a

7% increase in the error meaﬁ square, Neither of the interaction
-effect incréasgs were significané (P<.05) and neither caused a change' -
in the overali level of significance for that interaction. Multipli-
cative adjustments to a set of mature dam ages (5 to 10 years) in Angus
'birth'weigﬁts increased tﬁe exror meén'square'by 7% and the age of dam
by herd intefaction mean square by 2% but decreased the age of dam by
sex mean séuaré 7%. The interaction mean squares were not aitered
significantly (P<.05) and the levels of significance were unchanged

for both. The'F-ratiOS'of the respective interactions were reduced by.
2 and 10%. |

The Hereford age of damlédjuétmeﬁts were complicated by the

presence of an unusually low mean for-tﬁe 10 year old dams. . Newman~-
Keuls test for differences among means'sﬁowed that ages 4, 5, 6, 7, 8,
9, and 11 were not significantly different while 2, 3 and 10 were. No
biological explanation was found for this phenomena and the lower mean
" for the 10 vear old dams was considered é chance occurrence. Adjusting
to a siﬁgle vear basis was the only method which femoved'the o?erall age
of dam efﬁect. After adjusting toa5 to 10 ‘year 61d basis or to.a 4+
year old basis, thé'age of.dam effect was still significant at the 5%
level. .Newman;Keulé'analysis showed that the means for alllages except

the 10 year olds were not significantly different after adjustment. A

possibie solution would have. been adjustment to a 5 to 9 year old‘group;
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If there was a downward trend in birth weights after the dam reached
10 years of age, the trend should have been noticeable in ﬁoth the 10
. and 11+ yeat old groups. Either the 10 year oid gfoup mean was too low,
or the 11+ year old group mean was too high. In either case a chance |
occurrence was probably complicating the data and further analysis of
the age of dam effect in Herefords was not attempted for Model II birth
weight analysis. l .

Individual variances for the respectlve ages of dam obtained in

<.

— e e A s e —

" Model III analysis of birth weight are presented in Appendix table 42,

Bartlett's test for homogenlety of variances shOWed that the varlances

LA T dae L A n

were heterogeneous (P<.01) before and after multiplicative age of dam
adjustments in both breeds. The range of variances in Angus calves'

birth weights for the individual ages of dam was 2.23 (7.0l to 9.24,

standard deviation = .84) before adjustment, 1.25 (7.99 to 9.24,

.53) after adjusting to a 5 to 10 year old dam

standard deviation
basis, and 1.09 (8.15 to 9.24, standaxd deviation = ,47) after adjusting .
to a 6 year old dam basis., The same respective ranges éf variance.fot
Hereford bull calves were 5.68 (7.19 to 12.87, standard deviation = 2,32),
4,35 (7.72 to 12,07, standard deviation = 1.75) and 4.95 (7.92 to 12,87,

standard deviation = 1.89). Hence, mult;plicative adjustments for age
S mrame— T B =

of dam reduced the degree gt heterogenlety of age of dam subclass
m‘ww T T
éffnances but did not eliminate the heterogeniety.

et e,

Overall, while adjusting to a single age of dam was‘preferable:in
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some aspects to adjusting to a set of ages (i;e., 5 to 10 yeare), the
overall advantage was not sufficient to justify the inconvenience and
mathematical uncertainty introduced when more weights are adjusted.

Although the multiplicative factors increased the overall variation, _

—— e s

they also tended to make the 1nd1v1dua1 age variatlons more equal

g T T

In summation, in-this study, the multiplicative adJustment to_set of

M-..

mature dam ages was the preferred method for correctlng for age of

dam effects on blrghwyelghtedue to their ability to_ reduce the dlsparlty

e vt 5 bbb e 3~
et

rin individual age of dam variances and their ability to reduce the age
o M S = -

of dam by herd interactlon effect,

—g e W
B

Preweanlng average daily. gain. The least Squeres aﬁalysis of
varience for preweaning average daily gain are presepted.in table 17.
All main effects (herd, year within herd, sex and age of dam) were
highly significant (P<.01) in both breeds. Herd by sex, herd by age.of-
dam, and sex by age of dam interactions were all significant (P<.01,
P<.01, and P<.05, respectively) in Angus. None of the interactions
were significant in Herefords. The herd by sex interaction in
Hereforde'contained only one degree of freedom for preweaning gain,
as it did in birth weight analysis.

The partial regression on &ay of year born was significant (f<.01)
only at the linear level in both breeds. Partial regression coefficients

were .0005 kg/day in Angus and .0006 kg/day in Herefords.
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TABLE 17.  LEAST SQUARES ANALYSES OF VARIANCE FOR PREWEANING AVERAGE
DAILY GAIN - MODEL.II ‘

———

Angus . - "11;,~ Hereford
Source l ___daf Mean square - - - df ° Mean square
 Herd (@), L3 1.9332%% 3 .1.2711%%
Year/herd 29 .3543%% - 31 : . 1564%%
Sex 'S) o 4.7 260%% 1 L LETALRE
Age of dam (A) . 9 . L2970%% 9 T 0427R%
HxS o - 30 . 3994 %% 1. .0027
Hx A 27 . 0139%* 26 .0085
5% A : 9 .0139% 9 ..0078
Regfeséion on day oflbirth , i 4 L -
linear - . -1 _ .1640%% i 1298%% -
Remainder 3234 - 0071 1991 10094
%%P<.0L, ‘

* P«<.05.
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Table 18 presents the least squares means and the adjustment:
factors based on these means for individual sexes of both breeds.
'Correction factors were female gain plus .103 kg/déy and female gain
times 1.13 in Angus calves and female gain plus.072kg/day and’
female gain timés'1.09 in Heréfords. The Angus sex disparity was
larger than the‘Heréford difference. échaeffer and Wilton (1973) . i
found a sex difference in preweaning average daily gain of 11i
-(.90 for males and .81 for females) in. Angus and 16% (.88 forlmales:
and .80 for females) in Herefords for calves from dams age 5 year;
and o6lder. Kress and Webb (1972) found sex differencés of 11% in
Angus and é%.in Herefords preweaning average daily gain.

TABLE 18. PREWEANING AVERAGE DAILY GAIN LEAST SQUARES MEANS AND

CORRECTION FACTORS FOR INDIVIDUAL SEXES

Breed and No.kof_ - Least squares - _ Correction factors
sex ' calves mean (kg) © Add. - Mult,
-‘Angus

Males 1600 .870  .016 L N

Females 1688 _ .767 .016 - .103  ° '1.13
Hereford '

Males - 1781 .853 ~ .018.

Females 290 .781 .019 072  1.09
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Both additive and multiplicative correction factors reduced the
sex mean square for Angus preweaning gains to a nonsignificant (P>.10)
point (table 19). The multiplicative sex correction factor reduced
the sex by-herd intefactibn'mean square in Angus calves' preweaning
average daily gain b§_25% and the corresponding F-value by 31%. The'
reduction was not significant (P<.05) and the interaction was sti11.
highly significant, however. Appendix figure 27 shows the results
of regressing the mean‘difference between the sexes on tne 1east
squafes_Angus herd means. The regression is positive.an& significant
(b = 1.175 ke/day diffetence/kg/day herd mean P<TO.1, R2 = .95). (For
every kg/day difference'in-herd mean there was a difference betneen

‘the sexes of 1.175 kg/day'in pfeweaning auerage daily gain). The
results of this regression suggest fhat an additive sex correction
factor would tenu to over-adjust the females in'tne low mean herds
and'under-adjust the females in the high'mean herdsr 'Mode1'III..
analysis showed thaf the herd‘by sex interaction made up 1esshthan 1%

" of the total variation, even though 1t was highly significant (P< 01).

The multiplicative sex correction factor for Angus preweaning gain

also reduced.the sex by age of dam 1nteract10n by 1% and the corres-v

ponding F-value by 15%, The. reduction was not significant (P> 05)

and the 1nteraction was st111 significant (P< 05) after the adJustment

' Appendix figure 28 shows the Angus least squares means for individual

ages of dam within each sex. The figures suggeste& only random




-102~
fluctuations thaf cumulétivély were enough to causé the interaétioﬁt-
.to'be'statistiéally significant.lModél IIT anilysis of the individual
sexes showed that the variance éf'thé females was 89% as 1arée,as the
male variance (APbendix table 44).. Aﬁte; the'mulfipliéative,sek‘ |
adjustmeﬁt, the male variance wés.88%ﬂas iarge'as the:adjuéted feﬁaie |
variéhce, so the scalar effects of the.multiplic;tive édjustment" |
simply reversed. the &#sparity in the VArianéés pf the sexés.‘Thefefore,‘ '
ih3p¥éweaning‘gaih;'as‘iﬁ Birth weight analysis; the mqltiplicaﬁivef
'adjustment, factor's -ability to equalize the'variancés waé not an
advantage in this study of fhe'preweaning gains‘;f Angus calves.
The Hereford sex mean squares for;préweaning average.daily»gainé
were reduced toAnonsignificapce (P>.10) by both the a&ditive'ahd'the
 mu1tip1icative adjustments (table 20).. The sex bj:age of dam and the
sex.by.herd inferacgions didlnot ;pproaéh‘sighificance in the Hereford
data neither Befo;e'nor after the adjustmgﬁts.p fhéfé weré.insufficient
numbers of feméle Herefords.aVailéble fqr Model III ahalysis,of‘pré-
‘weaning averaée daily gain. .
OVefall, tEE_TEEEiBEigggize adJustment factor _was preferred ¢ 8S.-es

w -

the sex correction factor for Angus-preweaning 8%%?1-‘!53111%&_32&55
abllity.to reduce the interactions involv1ng§g§: In the Hereford
data, the-intefactions were unimportantkan& on ;he basis;of all othéf
considerations being equél, the.additiﬁe,faétpr at’leasﬁldid‘not'l‘
increase thé overall variation, and thus was the préferre@’éprrﬁcgion

factor for the Hereford data.-




ADJUSTMENTS FOR PREWEANING AVERAGE DATILY GAIN IN ANGUS CALVES

" TABLE 19. EFFECTS ON MEAN SQUARES OF ADDITIVE AND MULTIPLICATIVE SEX AND AGE OF DAM

Trait Adjﬁétment‘ Type of o
. Trait df adjusted basis ad justment - Mean square F-ratio?
Sex (§) - - 1 None - - 4.7240% . 665.35 (.000)
' ' S - Male - Add .0000 .00 (.999)
S Male Mult 0001 01 (L917)
Age of dam 9  None - - .2970%% 41.83 (.000)
‘ a) A 6 yrs - Add . ..0026 .36 -(.953)
A 5-10 yrs JAdd .0076 1.07 (.382)
A 6 yrs Mult .0022 .28 (.980)
A 5-10 yrs Mult .0090 1.17 (.309)
S x A - 9 None - - .0139% 1.96 (.040)
s Male Mult L0137+, 1.67 (.090)
A 6 yrs Mult .0109 1.38 (.190)
A 5-10 yrs Mult .0100 1.30 (.230)
SxH 3 'None - - .3994% .56.25 (.000)
\ s Male Mult ©.3202%* 39,05 (.000)
AxH 27  None - - .0139%x 1.96 (.002)
A 6 yrs Mult .0167%* 2.11 (.001)
A 5-10 yrs Mult .0161%% 2.09 (.001)
‘Rémainder . 3234  None - ' - .0071 |
' ' : -8 Male Mult’ .0082
A 6 yrs Mult .0079
A ' 5-10 yrs Mult .0077

| ¥*P, .01, #B5.05, + P4.10, taken From indi
& Adsociated P-value in parenthesis.

vidual analysis of variance tables.

-€01~




' TABLE 20.

EFFECTS ON MEAN SQUARES OF ADDITIVE AND MULTIPLICATIVE SEX-AND AGE OF DAM

ADJUSTMENTS FOR PREWEANING AVERAGE DAILY GAIN IN HEREFORD CALVES
Trait Adjustment " Type of .
Trait " df adjusted basis adjustment Mean square F-ratio?
‘Sex () 1 None - - 674 1%% 71.71 (.000)
- S Male . Add .0220 2.34 (.122)
S - Male Mult .0218 2.25 (.130)
‘Age of dam 9 None - - L0427 %% 4.54 '(.000)
@ A 7 yrs Add™ .0019 .20 (.993)
A " 5-10 yrs Add - .0074 .79 (.627)
A 7 yrs Mult .0021 <20 (.993)
A 5-10 yrs Mult .0072 .73 (.683)
S x A 9  None - - .0078 .83 (.589)
’ ’ S ~Male Mult .0078 .80 (.618)
A 7.yrs _ Mult 0082 .80 (.618)
A 5-10 yrs =~ Mult - ..0075 .76 (.665)
S'x H '3 Nonme - - °.0027 .29 (.834)
: S Male Mult ..0003 .03 (.999)
AxH ©27  Nonme - - .0085 .90 (.614)
. A 7 yrs Mult .0093 ;90 (.614)
A 5-10 yrs Mult .0092 .93 (.568)
' Remainder 1991  None - - 0094
-8 Male Mult .0097
A "7 yrs .Mult .0103
" A © 5-10 yrs Mult .0099

*%P<,01, *P<,05, taken from individual analysis of variance tables.
" 8 Associated P-value in parenthesis.. ' .

-%01~- -
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Table 21 shows the least squares'means for the individual ages
of dam for the preweaning average daily gains of Angus and ﬁereford
calves and the adjustment factors for age of dam. The multiplicative
adjustments to the set of dam ages 5 to 10 years shéﬁ just-the'oppo-
site trend here from the birth weight multiplicative factors. Here,
the Angué 2 year old dams are lower .than the ﬁereford 2 year olds, at
3 yéars they were nearly even and at 4 years the Hereford dams were
lqwer. The expected results would have been Aﬁg@éédams consistently
lower in réquired adjustments for preweaning gain, due to their re-
portedly bettermilking ability. The 11+ year old dams of both breeds
required a 2% adjustment. _§chaeffer andeEEQQQh(1?73) cons;@ered all

T g, e e ST =T

dams aged 5 years and older as one group. They found that non-creep

. fed Angus calves from 2, 3 and 4 year old damé required 12, 6 and 3%

‘adjustments, respectively, while Hereford calves from the same respec-

tive ages of dam required 17, 10 and 4% adjustments.
Table 19 shows the effects on pertinent mean squares from using

both additive and mﬁltiﬁlicative factors to ad just Angus pfeweaning

.gains to both a 6 year old dam basis and to the set of dams aged 5

to 10.. All of the correction factors reduced the agelof dam mean

équare significantly (P<.05) to nqnsignificant (P>.10) status, with
the multiplicative adjustmént to a 6 year -old dam basis'reducing the
mean square to the Lowest (P<.05);point. The multiplicative adjust-

ments to a 6 year old dam basis and to the set of dams aged 5 to 10
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TABLE 21, PREWEANING AVERAGE DAILY GAIN LEAST SQUARES MEANS AND
CORRECTION FACTORS FOR TINDIVIDUAL AGES OF DAM

Age of No. of Least squares . Correction factors
dam __calves _mean (kg) Add. Mult, Add, Mult.
Hereford :
. - 6 _years. -5-10 years
2 200. - .777%.023 . .07 . 1.09 . .06 1.07
3 337 .791%.020 . .05 - 1,07 - 04 1.05
4 351 © . 7 .804%,020 .04 - 1.05 - .03 1.03
5 - 272 . .815%.020 - .03 1.04 : .
6 248 »841+,020° - .00 1.01
7 208 - - .846%.022 C - -
8 136 .826%.023 - .02 1.02
-9 120 . . .833x.023 . .0l 1.02
10 . 8 - .822%.025 .02 1.03 _
11 114 .812%,023 ".04 1.04 .02 . 1,02
Angus
"2 571 . .738%:016 ©J11. . 115 .10 - 1.13
3 5200 .. " .801+.016 . .05 . 1,06 .04  1.04
4 445 . .823%.016 . .03 1.03 .01 1.01-
5 - 348 ~ .839%.017 : .01 1.01
6 - 318 - .851%.017 - -
7. 232 . .840%.017 ' .0l -1.01
8 219 .836+.017 .01 1.02
-9 168 - .830%.017 .02 1.02
10 129 -7 .820%.018 .03 1.04 ’ -
11 338 .818%.016 - .03 1.04 .02 1.02
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reduced the sex by age of dam iﬁteraction effect by 30 and 39%,
fespectively. The redﬁctions were not significant (P».05) but they
were enough to move the interaction effect from being a significént
(P<.05) source of variatioﬁ to highly significant. (P<.01). The cor-
responding F-ratios of the interaction werg'redubed,by 30 and 347%,
respectively, The sex by age of dam effect, as'preQiously discussed
under sex adjustmentg, is displayed gréphicaily iﬁ Aﬁpen&ix figure 28,
The same respective multiplicative.adjustmeﬁts increased the age of
dam by herd interaction mean square in Angus preweaning average daily
gain by 20 and 16%. Neifﬁer increase was signifiéanﬁ (P>.05) and the
; level of‘significance of the interaction (P<.dl)'was not.affected.

The corresponding F-ratios of the intefaction were increased by 8 and
7%,'réspective1y; The agé of dam by herd effect in Angus éalves'
p?eweaning gains is displayed grapbically in figure 12.’ Visuél
appraisallsuggested-the cumulative effects of random fluctgationé as
the cause of the_intéraction's significénce. Adjﬁsting to a-6 year
old damlbasis and to the set of dams aged 5 to 10 years inéreased the
error mean square'fof Angus preweaning gain analysis by 11 and 8%,
respeétivel?. .Bartlett's'test, done.oﬁ data from Model III analysis
of individual éges of dam (Appendix EaBle'42) showed that the variances-
of the respective Angus d#m ages Weré.heterogeneous (P<501). " The
range in variances was ,0027 (.0048 to .0075; standard deviation =.0010)

‘before adjustments, .0030 (.0051 to .008L, standard deviation = ,0012)
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.after adjusting to a 6 year old dam basis, and .0048 (.0066 to .0114,

standard deviation =.0011) after adjusting éo the set of dam ages
5 to 10 years. Thus, the scalar effects of the multiplicative adjust-
ments were unable to correct for the heterogeniety of individuéi ages
of dam variances in Angus preweaning gain.

The multiplicative age of dam corrécfionbfactofs.all.reduced-the
age of‘dam effect on Hereford preweaning average daily gain fotapproki-

mately the same nonsignificant (P>.10) point (table 20); " Individual

~age of dam variénces obtained from Model III analysis of Hereford bull

calves were heterogeneous. "Heterogeniety Was:determined by Bartiett's
test at the P<.0l level (Appendix table 42). Thelfange in' .the individual

variances was .0040 (.0063 to .0103, standard deviation =.0016) before

'-adjustments, .0046 units (.0068 to .0114, standard deviation =.0019)

-

after adjusting to‘a 6 year old dam basis, 'and .0043 units (.0066 to
.0109, standard deviation =.0018) after adusting to the set of dams aged
5 to 10. The scalar effects of the multiplicative adjustments were -
unable to equaliZe'the variances in preweaning average daily éains
within age'of dam sufclasses. | |
Figure 13 showé-the overall and individual herd least ‘squares
means for.fhe'individual ages of Herefbrd dams. Age of-dam'by'sex and
age of dam by herd interaction effects on Hereford preweaniﬁg average
daily gain were nonsignificant (P>.10) before and aﬁter multipliéative

age of dam adjustments were made.
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In both the Angus and the Hereford data, adjusting to the set
of dam ages, 5 to 10 years, was prefefable.v Adjusting to the set
of ages had gppfoximately.the same effect és-adjustiné ;6 the single
age, but adjusting to the set of ages involved more data, which could
have allowed more chance phenomena to en;ér énd confuse the data. . In
additibn, thé simple inconvenience of adjusfing mofe records was
considered. |

Ovérall,.their was no clear éut decision as to adéitivg'Veréds
multiplicative age of dam correction factors in Angﬁs preweaning
average daily gain. The multiplicative factor reduced the sex by age
6f dam effect, increaseduthe age of dam by herd interaction effect
andappéaredto have no effétt on the within age of dam subclasé

variation. Neither of the interactions were significant sources of

variation in Hereford-preweaning average daily gaih. 'The'multiplica-'

s e AR R L
i

. tive factor_appeared_to increase the within agé of dam subclass
. . B e T e - - N .

"variation, and so would not be the preferred .factor if all other

factors were equal.
Schaeffer and Wilton (1974b) analyzed the preweaning averaged-

daily gain of 64,000 Angus and Hereford_célves and concluded that the

. additive correction factors were preferable for both sex and age of

dam adjﬁstments.




-1l12-

Weaﬁing weight. Model II Fnalyées §f vafiance fof.weaning
weight are presented in table 22. The main effects (herd, year'within
herd, sex and age of dam) were all highly significant (P<.0l) sources
of variation in both breeds. Herd by sex interaction effects were
a highly significant (P<;01) source of variation in both breeds. Herd
by age'of dam interactions were highly significaﬁt (P<.0l) in Angus
and significant (P<.05) iﬁ Herefords;- Sex by age of dam was a highly
significant (P<.0l) source of variation in Angus, bﬁt only approached
significance (P<.10) in Herefords."The partia;_regressions'of weaning
weight on age in days at weaning were analyzed'at'the level which was
significant in Model I analysis. The cubic 1evei,was highly signifi-
cant (P<.01) in Modél II analysis in Angus. The cubic regression
equation was: ? = 207 . kg + (.728 kg/day) (X days = 217 days) +
(-.00196 kg/day?) (X days - 217 days)? + (-.000024 kg/day3) (X days -
217 days)3.

Hereford ﬁeaning weights were regressed on the weaning age of
~ the linear level only in Mbdgl II and found to be highly significant .
(P<.01) with a partiéi regression coefficient of ;731 kg/day.

Least squares means and standard é;éprs for Angué weaning Weighfs
were 220%3 kg for males and 19423 ké,for femalés. The‘mean weaning
age was 217 (standard déviation = 25 ) days. Hereford least squares
means and standard errors for weaning weightslﬁere 216&3 kg for maies

. and 198%3 kg for females. Hereford calves were weaned at an average

. of 211 (standard deviation = 24) days.
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TABLE 22. LEAST SQUARES ANALYSES OF VARIANCE FOR WEANING WEIGHT -

MODEL IT _ . o o
Angus ‘ Hereford
Source df Mean square df Mean square
Herd (H) S 5 102286%% 8 141491 %%
Year/herd 40 17033%% 70  14745%%
Sex (S) ' , 1 "567284%% ‘1 184245%%
Age of dam (A) 9 30731%% . 9 50103%%
Hx S ' . . 5 14656%% . | 7 - 3913%%
H x A2 45 - 87Lw% . 66 687%*
S x A ‘ ' -9 1149%% 9 845+
Regression on age at weaning : o :
Linear- 1 533963 -1 136047%%
Quadratic- 1 17072 - :
Cubic- ’ 1 5106%%.
4 403 . 5830 - 466

Remainder ' 578

a Hereford results for this interaction were detemined by a separate
analysis in which sex by age of dam was omitted.

+ P<.10.

* Px.05.

**P<.0L.
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Table 23 presents the least squarea means for thelindividual
sekes along with the number of animals.in each subclass and the
cbrrecticn factors calculated from the meané. The Hereford mu1t1p11--
cative ad justment agreed with the 1ndustry recommended adJustment of .
10% while the Angus adjustment was higher at 137%,

Sellers et al. (1970) found the d1fference between bull and |
heifer weanlng weights to be greater for Hereford than for Angus
They_reported differences of 15 and 10%, respectively,_in their '
Hereford'aﬁd Angus data; Cundiff gﬁhgl. (1966a) reported a 13% dif-

'fereace overall between sexes in the weaning weights of-Angus and
Herefords analyzed together. Minyard and Dinkel. (1965a) and Kress

and Burfening (1972) reported sex differences in Hereford weanlng

weights of 8- and 9A respectlvely.

In Angus weaning weights the least squares analysis of variance -

ﬁean square.for aex effects was reduced (Pé165)dto a nonsignificant
~(PX.10) status:by-bcth‘additire and multiﬁlicative calculated adjdst;
ment factors (table 24). -Tﬁe industry ccrrection'to a steer basis
reduced the sexxmeanSquareto 3%.cfvits'unadjusted'value, although

the reductlon was not sufflclent to remove the sex effect from the.
“highly 31gn1f1cant (P< oLy region. The calculated and 1ndustry
recomended mu1t1p11cat1ve sex adJustﬁents reduced the sexrby hexd
interaction mean square by 1f and 22%, respectively, of the'dnadjdsted

value, The corresponding F~ratios were reduced by 26 and 21%,
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respgctively. The reductions were nonsignficant (P>.05) and the

interaction effects ﬁere not changed from the highly significant (P<.01)

~region. Figure 14 shows the herd by sex interaction represented as’

the differences between the sexes regressed on the least squares means

of the individual herds. The regression (b = .66 kg difference/kg

herd mean, RZ = .61,'P<.06) suggests the need for a multiplicative sex

adjustment to correct for this interaction. Model III analysis of

the relative values of the sources of variation (table 31) showed that

the herd by sex interaction actually made up less than 1% of the total

variation. The relatively low importance of this interaction could be

the reason that the multiplicative factors did not have a greater

influence.

TABLE 23. WEANING WEIGHT LEAST SQUARES MEANS AND CORRECTION FACTORS

FOR INDIVIDUAL SEXES

———r

: No. of - Least squares Correction factors

Breed and Sex calves mean Additive Mult._ . Multd.
Angus y :

Males 2968 220.0+2.8 ' . .95

Females 2934 - 194.4%2.8 '25.6 1.13 1.05
Hereford ' ;

Males 3900 216.4+2.5 .95

Females 2050 197.6%2.6 18.8 1,10 1.05

4 Industry recommended factors.




TABLE 24. EFFECTS ON MEAN SQUARES OF ADDITIVE AND MULTIPLICATIVE SEX AND AGE OF DAM
ADJUSTMENTS FOR WEANING WEIGHT IN ANGUS CALVES

. Trait Adjustment Type of )
" Trait df adjusted basis adjustment?® Mean square F-ratioP
Sex (S) ' 1 None - - - 567284%% 1407.65 (.000)
S Bull Add 18 .04 (.836)
-8 Bull Mult o . 65 A4 (.710)
s Steer Mult(T) 19595%* 49.23 (.000)
Age of dam 9 Nonme - , - ' 30731%*° 76.26 (.000)
a) g A 7 yrs . Add . 543 . 1.35 (.205)
: A 5-9 yrs Add 374 : .93 (.498)
A - 5-10 yrs Add 510 1.27 (.247)
A 71 yrs © Mult - 144 .33 (.965)
A 5-9 yrs Mult - 420 .98 (.455)
A 5-10 yrs = Mult 542 1.26 (.253)
A 5-10 yrs Mult (1) oo 6879%% - 15.42 (.000)
- 8 x W 5 None - - . , 14656%%* . 36.37 (.000)
‘ S . Bull . Mult - 12207%*% 27.07 (.000)
S Steer . - Mult(I) ) 11403%** 28.65 (.000)
AxH 45 _None' - - ‘ 871%% 2.16 (.000)
: A - 7 yrs - Mult B ' 938%* 2.15 (.000)
A 5-9 yrs Mult : 919%* 2.14 (.000)
A 5-10 yrs =~ Mult T 920%%% 2.14 (.000)
A 5-10 yrs Mult(I) 950%% 2.13 (.000)

- =911~




TABLE 24,

(CONTINUED)
S Trait Adjustment Type of
Trait daf adjusted basis adjustment@ Mean square F-ratioB
S x A 9 None - . - 1149%% 2.85 (.003)
) S Bull Mult 914% 2.03 (.032)
S Steer - Mult (I) 846% 2.13 (.024)
A 7 yrs . Mult 904* 2.07 (.028)
A 5-9 yrs ‘Mult 882%* 2,05 (.030)
A 5-10 yrs Mult 885%: 2.06 (.029)
A 5-10 yrs Mult (I) 830+ 1.86 (.053)
Remainder 5784 None - - - 403
S Bull Mult 451
S Steer Mult (1) 398
A . 7 yrs Mult- 437
A 5-9 yrs Mult 430
A 5-10 yrs Mult 430
A -5-10 yrs Mult (I) 446

a2 (I) denotes industry recommended factors.
b Associated P-value in parenthesis.
*%P<,01, *P<,.05, 4+P<.10, taken from individual

analysis of variance tables.

-L11~




TABLE 25. EFFECTS ON MEAN SQUARES OF ADDITIVE AND MULTIPLICATIVE SEX AND AGE OF DAM
' ADJUSTMENTS FOR WEANING WEIGHT IN HEREFORD CALVES

- Trait Adjustment’ Type of

5-10 yrs  Mule(I) - 789

Trait - = . df adjusted basis adjustment®  Mean square F-ratiob
Sex (S) "1 . None - Co- - 185887%% -~ 400.62 (.000)
o . 8 Bull - " Add o 661 1.42 (.231)
S Bull . Mult .20 ' .04 (.836)
S Steer ~ Mule(I) 745 1.67 (.193)
Age of dam 9 Nome - - - 37338%% 80.47 (.000)
- (4) A _ 7 yrs Ada -~ - 5 . .01 (.999)
- A 5-10 yrs . Add S 350 .75 (.665)
A 7 yrs Mult 121 .24 (.988)
A - 5-10 yrs . Mult ' 425 . .84 (.580)
A 5-10 yrs - Mult(I) - 1986%* 3.85 (.000)
SxH ' 7 None - - 3783%% 8.15 (.000)
-8 . Bull Mult . 2852%% 5.77 (.000)
S © Steer Mult(I) . .. 2563%* 5.73 (.000)
AxH .66 None - R : - 687%% 1.48 (.007)
: © A " 7. yrs .7 Mult © . 852%% 1.67 (.001)
A -+ 5-10 yrs Mult ' 841 %% 1.67 (.001)
A 5-10 yrs = Mult(I) - 848*% 1.64 (.001)
S x A o 9 None - - . : 845+ 1.82 (.059)
' . .8 Bull Mult . 926+ "1.87 (.051)
S Steer Mult (1) 847% 1.89 (.048)
A 5-10 yrs Mult o 798 1.58 (.115)
A 1.53 (.130)
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 TABLE 25.  (CONTINUED)

. Trait Adjustment Type of

Trait af adjusted -basis adjustment?@ Mean square F-ratio

Remainder 5830 None - - 464

' S Bull Mult 494

S Steer Mult (1) 447
A 7 yrs Mult 509
A 5-10 yrs - Mult 505
A 5-10 yrs Mult (1) 516

+.P<,10,

* P<,05.

*%P<, 01,

& (I) denotes industry recommended -factors.
Associated P-value in parenthesis.
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The calculated and industry sex multlplicatlve sex adJustments
reduced the sex by age of dam 1nteractionvmean square by 20 and 26%,
respectlvely, The corresponding F—ratios_were reduced by 29 and 25%,
respectively. The reductions:were nonsignficiant (P>'05)e- Figure 15
shows the sex by age of dam 1nteraction effects ‘on Angus weaning weights
as ‘the individual age.of dam subclass’ means for each sex. The curvei'
suggests-a‘slight increase in,the differencenbetween the"sexes,as age
of dam increased. | . |

Model IIllanalysis'of;the individual sexes.showed.(Aopendix table -
l 41)'that the ratio of male to female'error variance cohponents of . |
:Angus'neaning weights was 1.08 before.adjustment '.84 after multipli;

cative adJustments with the calculated factors, and 88 after multlpli-
‘cative sex adjustments with the.1ndustry factors; Cundiff et al (1966)

RO T

gave the multipllcatlve factor's ability to equalize the variances of
MMM

L R YA, 2 WL
T eyt R T YL it o o ST RS

the sexes as a major reason for their selectlng it over the add1t1ve
ol P e
factors. Clearly, that was not the case with the Angus weaning welght :

s ———A T et

1data in thls study
Sex effects in the Hereford ‘weaning weight data were reduced to
. a nonsignificant (P?.lO)'level-by all three-adjustments uged (additive,'
calculated multiplicative, and industry'recommended'multiblicative),
(table 25) The'calculated multiplicative.adjustment reduced the

mean square for the sex. by herd interaction by 25% and the 1ndustry
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' faetor reduced it by 32%. Neither reduction.was significanﬁ-(P>,0§)'=
' and the .effect was not moved from the highly significanr (P? 01) region.

The F-ratio for the sex by herd interaction was reduced by 29% by
the calculated sex correctlon factor and’ by 30% by the 1ndustry
recommended factor. Figure-16.shows the«sex-by herd interaction in
Hereford weaning weights ae the ﬁean difference between‘thelsexes
vregressed on the 1eaSt'sqdares.herd meené. The signifdcanf, postitiﬁe
regression (b = .26 kg difference/kg herd.meen RZ' 56 P<, 05) would
indicate the need for 'a multiplicative sex correctlon factor 1f this
interaction were considered important enough to require correctlon.
Model IIIa analys1s of the relative 1mportance of the sources of
variation (table 39) showed that the herd by sex interaction made up
less than 1% of the totelzvariance'in'Hereford weening weights.

The sex by age of dam interaction-effect mean square for Hereford
weaning weighrs was increesed 10% and the eorreepdnding F-retid was
increased'B% by the'ca}culated mﬁltiplicatrve sex correction factor.
The increase was‘nbt a significant amount (P>.05) althougﬁ the inter-,
action was moved from the region of apprqaching sigdificance (P<.10)

" to the significant (P<.05) region. The sex by age of dam interactiph‘

mean square was not affected by the industry recommended multiplicative

sex correction factors although the sex by'agelof.dam F<ratio was
increased by 4%, Appendii figure 29 shows the individual least squares

means of the age of dam subclasses within each sex.
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The source of the interaction effecf appéared to Be in the 9 and
.'10 year old.dams, which' showed a sharperidecline for the females than
for the”males;. This flugtuation was considered to be a random chance
phénomeqoﬁ.and no fﬁrtﬁer special.cénsideration was_givéﬁ to it in.this
study. Model Iiia éﬁalysis showed that the sex by'hefd'interaction
effect made upiless than 1% of the total vafianée in Hereford weaniné‘
.wgighté (table‘39); | | o
Mdde;'IIia analysis of the';ﬁdiﬁidual seges (Appendix~tab1e 415

showed that the ratio of male to female error ﬁéan'squares from fhe
‘least squares analyses of variance wa§v1.26 before adjustmenﬁ,‘1.04
‘ after fhe calculated muitiplicatiVe sex‘adsustment, and 1.03 after the
industry recommended multiplicative sexladjusfment. The Hereford‘sgx
adjustment results Here.agree with Cun&iff-gg al. k196§) who fbund
thgt the s;alé; effects of‘the.multiplibative sex adjustments were
able to equate thé Variances of the Sexeé;' |

| The multiplicative sex correctioﬁ factgrs wefe:selected as the
preferfed methéd of adjusting for séx éffééts_on weahing weight in
this stﬁdy. THe mﬁltiplicative-factor was able to reduce the sex by
herd and sex by age of dam interaction effect in Hgfefords. Also,
-the scalar éffects of the multiplicative factor decreased'the
heterogepiety of Qariance‘between tﬁeléexes in the Hereford weaning

weight data.
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Sellers et al. (1970) and. Linton et al. (1968) both éhéée

mu1t1p11cat1ve sex correctlon “factors_ because of thelr ab111ty to
tlve sex correction

s e,

reduce the heterogeniety of varlances between the sexes. Minyard and.

i PN

Dinkel (1965a) found that multlpllcatlve sex‘correctron'factors~were
_better-atjreducing the sex'effects‘tnan theladditive factors Were;d,
Table 26 shows the least squares means for the individuai age of g"
-‘.dam subclasses and tne correction tactors-caicdiated from these_means.
The}mﬁltiplicative age of dam correction factors to the set of-dams'
aged“5 to 10 are'consistently lower in the‘Angos than in the:Herefords,
The Angus adjustments were 11, 6, 3'and 1% for damslaged 2,43; 4 and
11.. The Hereford adjostments were213;.8, 4land‘4% for.thersame
respective dam ages. This‘may be'a reflection of the Angus damsf
reportedly better m11k1ng ablllty. "The Heréford factors are closer'
to the 1ndustry recommended factors of 15 10 5 and 5% for the same
resoectlve ages of dam. gThe.Herefords'.better agreement may;be‘doento .1
the industry recommended factors being oasedfon a majority.of ﬁereford
records. - ‘ | | ' |
'Cardellino and Frahm (1971) reported'witnin'herd mﬁltrplicative
age. of dam correctlon ‘factors of 1. 15 1. 08 1.02 and 1.00 for 2, 3, 4
and 5 to 9 year old Angus dams, respectively, dnd 1 23, 1 09, 1,01 and
1.00 for Hereford-dams of the same respectlve ages. Kress .and
Burfenlng (1972) found Angus age of .dam dlfferences in weanlng welght

- of 13 -8, 5 and -1% for 2, 3 4 and 11+ ages of dam When compared to
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dams aged 5 to 10 and Hereford differences of 10, 8, 2 and -6% for
. the same fespective ages. Sellers._ﬁ 51.1(19%0) found age 6f dam by
breed interaﬁtioﬁ effects on weaning wéighf, ﬁut considered éheﬁ
.unimportant. Their.repofted overall multipiicative‘age.of dam
corréction factorsvfor Angué and Herefordé were 1.12, 1.07, 1.03,
1.00 éﬂd 1.05 for bull calves of cow;kaged 34 mos,. 34 to 45 mos; 4 to 5-
years, 6 to 12 yeérs and 13+ years, respectively; ‘Stéers and heifer
correction'factors for ﬁhe.same'respectiVé ages of-cbw%'werg 1.11;.
1.06, 1.02, 1.00 and 1.02, and 1.09, 1.06, 1.02, 1.00 and 1f04’
respectively; . ‘

The Angus age of'daﬁ adjustments.ﬁere calculated to-a 5 to 9 .
year old basis in addition to the 5 to'10 year oid.basis; The Newman-
Keuls anaiysis had shoﬁﬁ the set of Angus dams aged 5 §0.9 years to
be the homogeous,métp;é:sét; | - |

"All of ﬁhe calculated ége af dam'adjustment factors reduced' the

“age of dam effect to well Withiniﬁuiﬁonsignificant (P>.05) level in /77
Angus weaning weigﬁt analysié (tablé 24)., The industry fecommended
factors reducéd the unadusted ége 6f'dam mean square'to'22% of its
ﬁnadjus£e& ﬁalue; The reduction was'significant (P<.05) dlthough the
interactidn effect wés not removed for the highly'signifiéant (P<.01)

region.




TABLE 26. WEANING WEIGHT LEAST SQUARES MEANS AND CORRECTION FACTORS FOR INDIVIDUAL AGES

OF DAM

No. of Least squares'

Correction factors

Age of dam ' calves  mean (kg) Add Mult Add Mult - Mult®
7 vrs 5-10 vyrs 5-10 yrs
Angus : s R
2 898 23.1 1.12 1.3 1.11 "21.8 - 1.15
3 820 13.2 1.07 1.3 1.06 11.8 1.10
4 718 8.2 1.04 5.9 1.03 6.4 1.05
5 666 3.2 1.02
6 605 1.4 1.01
7 493
8 464 .5 1.00
9 323 2.7  1.01 :
10 264 4.1 1.02 - : 2.7
11+ - 651 5.0 1.02 3.2 1.01 3.6 1.05
Hereford 7 _vyrs 5-10 vyrs 5-10 yrs
2 833 187.5+2.7 26.3 1.14 - .9 1.13
3 1005 197.1%2.6 16.8 1.08 4 1.08
4 891 -+ 8.6 1.04 .3 1.04 -
5 782 . 2.3 1.01
6 676 . 5 1.4 1.01 .
7 567 ° 7%
8 377 8t
9 " 292 .
10 221 3.2 1.02
11+ 306 9.1 ‘1.04 7.7 "1.04

@ Industry recommended factors.

-8¢1i-
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The already highly significant (P<.01) agé,of dam by herd inter-
action mean square was increased by_aIl of tﬁe multiplicative adjust-

ment factors. Adjusting the Angus weaning weights to a 7 year old

- dam basis increased the age of dam by herd interaction mean'square by .

7%, adjusting to eithér set of dam ages (5 to 9 years and'S to 10
years) caused a 6% inqrease and the iﬁdustry'récommendéd factors
caused a 9%.increase: The'correéponding Férééios we¥e‘a11 réduced

by 1% or lesé. None of tbe'increaseé were significant (P>.05) and the -
interéétion effect was not moved from.the highly significant (P<.01l)
region. Figure 17 shows the age of dam by herd interaction as the
least squares means of the individual ages of dam for each herd. The
interaction effe?t appears to be mosﬁ noticeable in the three youngest
and the three oldest ages of dam. The mean weaniﬁg weighté of calves
from the‘younggr dams appeéfé to have increased at a fastér rate in
thelhigher avgrage herdglaﬁd the mean.weigﬁts from the older dams

decreased at a'faster'raté in the same high average herds. This could

" be a chance occurrence or possibly an amblification of the overall

trend, amplified by the larger average qumbers. One inﬁé;esting"
speculéfion to explain the drbp.in the ‘older dams ié‘thaf the youngef
dams.représentAthe dams éeleg;ed under the new selection program and
the older.dams are holdévers from the "uniﬁﬁroved"(herd, A second
speculation is suggested by thé_overall shépe of thé_purvés. The trend

appears to be‘that the dams from the higher avérage herds were pushed
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faster to their optimum capacity but were not able to maintain such a
high level of production past their seventﬁ or eighth years. This is
pure speculation, however, énd no conclusions can be drawn fromlfheseﬂ
data concerning the herd by age‘of dam iﬁte;gctidn in Aﬁgug wedning '
weights. | |

The muitiplicative age of dém'adjust@entlfgctors reduéédﬁ&eéex
by age of dam interactipn out of the highly'significanf;kP<.01) region
in all cases., The multiplicative adjustment to a 7 year old.dmmbasisvy
reduced the sex by age of dam interaction mean square by 21%,
the adjustment to either of the.sets of ages of dam (5 tg 9 and 5 to -
10 years) reduced the mean square by 23% and the industr& fecommended
adjustments reduced it by 28%. The respective-F-ratio reductions were
.27; 28, 28 and 35%. The industry adjustment reduced the intéraction :
effect to the region of approaching significant (P<.10)'whilé a;i the.
others reduced the effect td';he significant (P<.05) regiﬁn; R

The error mean square for Aﬁgus Wéaﬁing weights were iﬁbreased -
by 8% by the multiplicative adjustment to a 7 year old basis, 59 7%
by the two adjustmeﬁts to the sets of ages, éndiby 11% by tﬁe_industry
recommended factors; ‘ ‘

Model III qnaiysis of individual ageg'of dam (Appendix table 42)
effects on Angus weaning weights showed that the range of the age of
&am éubclass Varianées was 124 units (255 to 379, standard deviation =
51) beforéAédjuétments, 118 units (276 to 394, st;ndardidgviation = 54)

A
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after adjusting to a 7 year old dam basis, 116 units (270 to 386,
standard deviation = 53) after'adjusting-to fhe set of dams aged 5 to
10'yéars, and 137 (281 to 418, standard deviation = 61)‘after.the
indﬁstry recommended multiplicative adjustments. Thus the scalar‘
effects of thé multiplicative correction factors did 1ittie to equalize
the individual age of dam subclass varian;es.
The agelof dam effects in Herefo?d,Weanihg,weights were redﬁced

to a nonsignificant (P>.10) level by all-the calculated additive
and multiplicative factorév(taﬁle 25). The'industry recommended
multiplicative facﬁors reduced the age of dam mean séuare by 95%
which reduced the level of significance to the sighificgnt (P<,05)
region. |

. The mﬂltipli;ative age of dam cSrréctioﬂ factors all increased
‘the age of dam by herd inferaction effects on Hereford weaning Weighé.,
The adjustmént of tbe 7 year old dam basis incregéed the interaction
effect by 24%, the adjustment to the ée£ of dams aged 5 to 10 by the
calculated factors increaéed the interaction mean square by 22% and
the adjd;tment to the set by the’iﬁduétry recommended factors increased
the iﬁteraction mean séuaré by 23%.‘ None of the increases was a‘signif-
icant (P<.05) amoun£ and the sigﬁificanceﬂlevel of the age of-dam b§
herd interaction was #nchanged at P<,01. The respective F-ratios
wére increased by 13, 13 and 11%. ' The age of dam by herd interaction,

illustrated graphically in figure 18 does not appear to follow the
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trénds suggested in the Angus age of dam by herd interaction.” The
Hereford age of dam by herd interaction efféct on weaning weight
appears to have been caused by random fluctuations which cumulatively
were probably enough to raise the effect to a highly signfi;ant (P<.01)
level. Model IIla analysis of relative wvariances shoﬁed_that the aéé,
of dam by herd interaction was less than 1% of the overall variation
in Hereford weaning weights (table 39). | |

_The.multiplicative~age of dam adjustment factors had little .
effect on the sex by age of dam interaction effect on Hereford
weaning weights (table 25). Adjustments to the 5 to 16 &ear_old set
of dam ages reduced‘the ség by age of.dam intéraction mean square by:
6 and 7% . when the‘calcu1a£éd and indgstry recomﬁended faétors, |
respectiﬁely, were used;"The'respecﬁive F-ratios were reduced by 13
and 16%. The interaction effect was approaching éignificance (P<.16)
both beforé and after tbé adjustmenté., Mpdél IIIa analysis showed
that the age of dam by sex interaction effects were 1ess‘thén 1% of
the total Hereford weaning weight variation (table 39).

The error mean square of the 1éast squares analysis of variance
for Hereford Weéning weights was increased by 10% by‘the multiplicafi#e}
adjustment to a 7 year old dam basis, by é% by the calculafed adjust-'
ment to the set of dams aged 5 tq'10 yeé?s; and 11% by the industry .

recommended adjustment to the same set.

v
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Model 11la anélysis of individual variances of ageipf dam sub-
classes (table 32), showed that the range of variances was 60 units
(404 to'464, standard deviation = 25) for the unadjusted déta, 120
units (428 to 548, standard deviation = 56) for thevdata adjusted to
a 7 year old dam basis, 113 units, (428 to 541, standard deviation = 54)
forfthe-data.adjustéd by calculated factqrs to the set of'&ams'aged 5
to 10 years and 132 units (428 to 560, stépdard deviation = 615'in the
‘data adjusted to the 5 to 10 year old set by the industry recommended
factors. In this study of Hereford weaning weights, the mhltiplicative
adjustment factors appeér to have increaééd fhé heterogeniety in the
individual ége of dam variances. (Heterogeniety, P<.01, had been
determined by Barlett's tast). |

Overall, the additive correction factor was the preferred methdd

" of adjusting age of dam effects on Hereford weaning weights., The
multiplicative factor had little effect on thé sex by age of dam.inter-
action but it_increased the effect of the age of dam by herd interaction
énd increased the within.age of dam subclass variance. The decision

was not so élehr cut in the Angus -data, The multiplicative factor
appeared to have little éffect on the age of ng by herd interaction

or on the within age of dam subclass variance, élthough'it did decrease
the sex by age of dam Qariance. |

t al. (1966b) preferred additive age of dam‘cqrrection

Cundiff
factors for their combined Angus-Hereford study because they noted

that the multiplicative factors tended‘to cause further divergence of
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-the subclass variances. Linton et al. (19685 chose additive factors
for the same reasons. .However, when Linton gg al. (1968) dropped,tﬁe
class for dams agéd 13 and over, they found the multiplicative faétors
we;g_"more successful in equalizing the variability.”

Table 27 shows the results on mean squares of adjusting for both

age of dam and sex effects by all combinations of additive and multipli-

cative means. Comparison.of the. Angus ‘source mean squares to théir
respective error mean squares shoﬁed that thg multiplicative age of
daﬁ and additive sex adjustments Wefe best at reducing the age of dam
by herd and the age of dam by sex interaétions; The additive age of
dam - multiplicative sex adjustment was best at reducing the sex by
herd interaction in Angus weaning weights. The éame compariéons in
the Hereford weaning weight data showed that ﬁhe F-réﬁio,was at its
lowest value for the age of dam by herd interaction when the additive
age of dam - additive sex adjustment was made. The sex by age of dam
interaction F-ratio was 1oﬁest when the muitiplicative ége of'dam -
'additive sex adjgstments'ﬁere used and Fhe sex by herd interaction
F-ratio was lowest when the.additive age af dém - additive sex .

adjustment was used.




TABLE 27. MEAN SQUARES OF PERTINENT TRAITS BEFORE AND AFTER COMBINED AGE OF DAM AND SEX
ADJUSTMENTS OF WEANING WEIGHTS BY BOTH ADDITIVE (A) AND MULTIPLICATIVE (M) MEANS

Age of dam Sex : ) Mean squares ) .

adjustment? adjustment? Age of dam(A) Sex(S) A x Herd S x Herd A x Sb Error

‘Angus - . : ) :

' None None 30731%* 56612%%  871%* 14656%% 1149%% - 403
A A 374 . 18 8§71%% 14656%%* 1149%% 403
A : M 439 90 1010%% 12199%% -1318%% © . 451
M A 420 . 510 919%% 15857%% . 882%* - 430
M M 472 105 1062%% 13238#*% 1008* 482
M(D) M) - 691 0% o 22154%%  964%%  12883%% . 878% 442

Hereford . . :
None None 37338%% 185887%%  687%% 3783%% 845+ 464
A A 350 24 687%% 3783%% " 845+ 464
A : M. 359 T 270 Th41%* 2868%% 926% 492
M A 410 ‘ 255 839%x% 4143%% 798+ 505
M M 428 - 128 900%* 3099%% 947% 536

M@ M(@D) 1986%* 864 B4B¥% . - 2807*% 892+ 493

2.(L).= Industry recommended factors. . :
P A x S analysis in Herefords was done in a model in which A x Herd was excluded.
. ®%P<,01, *P<.05, +p<.10, taken from individual analysis of variance tables.

VAN
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‘A major difference between the Angus &and Hereford results of
weaning weight analysig wés the value éf the industry recommended
multiplicative éorrection factors. They appearéd to do a mﬁch better .
jéb of correcting the data iﬁlthe Hereford data. This is probably due
to the industry factors being based primarily on Hefeford'déta. The
factors' imability fo édequately correct the Angus data may'be an
indication of a basic, inherent différence between the two breeds
in the relative valﬁés of the productigﬁ tréits within the individﬁal :
sexes and ages of dam. A valid, éigﬁificant difference woﬁld indicaté

the need for separaﬁe adjustment factors for the separate breeds.

Postweaning average daily gdin. Analysis of postweaning average
daily gain was complicated. by management effects. The heifer calves
in this data Wére generally.puf on pasture after weaniﬁg while the
bull calvés Wére placed in a feedlot. This effect is shown in the.
least squares analysis of variance (table 27) of ﬁostweaning average
daily gain, The sex effects mean squares arérby far the largest source
of variation in the table. Model III analysis of Angus postweaning -
average daily gain showed that sex effécts were 75% of the total
variation (table 31).

Herd and yeaf within hérd were alsofhighly éignificant (P<.015.
sources of variation iﬁ the postweaning‘average daily gain of both

‘breeds. Age of dam was a .significant (P<.05) source.of variation in
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TABLE 28. LEAST SQUARES ANALYSIS OF VARIANCE FOR POSTWEANING GAIN -

MODEL 1L
. Angus . Hereford

Source df Mean square df Mean square
Herd (H) 4 2.9357% 8 2.7147%%
Year/herd 31 .7718%% 62 . 7155%%
Sex (8) 1 161.3766%* 1 80.7586%*
Age of dam (A) 9 .0385% 9 - .0177
Hx S » 4 2,554 1%% ) 2.9996%%
H x A2 ._ 36 . 04 24% 7T .0282%%
Sx A 9 .0654**," 9 _ .0086
Remainder ' 3591 .0168 4661 .0191

@ The Hereford herd by age of dam effect was analyzed in a model in
which the sex by age of dam 1nteract10n was not included

* Pg.05.,

**%P<,01.

Angus but was nonsignificant (P>.10) in Herefords. Fignre 1§_showe

the least squares meana of the individual ages_ot Angus dams. There is
some suggestion of compensatory growth in the youngest-and the oldest
age of dam classes. Here by sex interactions were a highly significant
(P<.01) source of variation for both breeds. The interaction is
probably due to the differing management eystems postweaning in the
different herds.

Sex by age ot dam was a significant interaction in Angus_post-
weaning average da11y galns Figure 20.sh6ws the mean Angus postweaning
average daily gain of each sex for the individual ages of dam. The
curves suggest that there was compensatory growth in female calves
from the younger dams. Sex by age of dam interaction effects were

nonsignificant (P>.10) in Herefords.
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Herd by age of dam interactions were a highly signficant (P<.01)
s&urce of variation in both breeds. Figures 19 and. 20 show the least
squares means for fﬁe individual ages of dam for each herd of Angus and
Hereferd, respectively. The curves suggest random fluctuations that
cumulatively were probaBly sufficient to cause the interécfions to Ee
significant (P<.01). | | |

The 1east,Square§ meaﬁs and standar& err&rs for males and females,
respectively,” for postweaning average daily gains were]@iﬂif}OZvaﬁd
.50%.02 kg/déy in Angus and 1.09t.03 and .60%,03 kg/day in Iierefords°

The Angus bull calves were kept on postweaning test for a mean
(aﬁd standard déviation)’of 170" (3) days and the Angus heifer calveé
for 178 (3) days. Their respective final test weights were 386;éf4.6
288.3%4.6 kg (1eaét squares meaﬁs‘and standard errors).  The mean
(and standard deviation for) test length for Hereford bulls was 156 (3)
days and for heifers 164 (3)'days. The least squares. means and standapd
errors of final test weights were 394.4*5.4 and 301.§T5~5"kg;féf;'>

Hereford bulls and heifers, respgctiﬁely.
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The least squares analysis of variance results for final test
Weight is presented in taEle 29, All main effects (herd, year within
ﬁerd, sex, and age of dam) were highly significant.

The graph for age of dam éffects (figure 21) on fiﬁal test weights
of Angus calves resembles somewhat the age of dam curves for thé weaning
and preweaning traits, -Eecause the curve was not evident in age of dam
analysis of postweaning averége daily gain, (figureé 19 and 20), fhe ,
age of dam‘effect An finél test weigh£ was probably residual effects
carried over from weaning wéight. Whatevé? compensatory gains fhere
were in postweaning gain, they were not enough to negate the age of
dam effeéts on final test weight.

Sex by herd interaction effects were highly significant (P<.01)
in both Ereeds. This effect is probably due to the difference in post=-
weaniné management systems. Herd‘by age of dam interactions were highly
significant (P<.0l) in Angus and significanf (P<.05) in Herefords.
Figure 22 suggests random fluctuations as the cause of this interaction
effect on Angqs final test weights; The .sex by age oﬁidam ihtéractién

was nonsignficant (P>.10) in both breeds.
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TABLE 29. LEAST SQUARES ANALYSIS OF VARIANCE FOR FINAL TEST WEIGHT -

MODEL IT .
Ancus Hereford :
Source df Mean sqguares df Mean sgquares
Herd (H) 4 191743%% 8 274122%%
Year/herd 31 34459%% 62 37843%
Sex (8) 1 T6364792%% 1 2836185%*
Age of dam (A) | 9 157593 9  62306%%
HxS 4 708864+ 6 71509%+
H x A2 36 26485 71 1719%
S x A 9 2028+ 9o 604
Remainder 3591 1180 4661 1212

a The Hereford herd by age of dam effect was analyzed in a model in
which the sex by age of dam interaction. was not included.

"+ P<.10.
* P<.05.
#**P<.01.
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Model III Analysis '
A single model was used for MpdeIIIII analysis of Angus birth
weight, preweaning gain, weaning Weiéht, pqstweéning gain'and final
test weight (table 30). ' The model included the: usual sex, age of dam.

and herd as fixed main effects, plus yeafs'within herd and sires with-

jszgggg,within~herds»as»random‘effectst”’Herd by sex was the only
interaction included. All five traits were regressed on age at wean-
ing at the linear, quadratic and cubic leQels.- All main effects,
fixed and random, were highly significant (P<,01) for all ;raits with
one exception, Aéé of dam was highly sigﬁficanﬁh(P<.01) for all
traits except postweaning gain, where the eéffect was nonsignificant
(P>.10). The‘herd by sex interaction was -significant for ail traits
(P<.05 for birth weight and P<.01 for the others); . |
The original objective was to analyze Mbdel I11 Angus-daté
with all interactions in the model.. Preliminary analysis showed,
however, thatlthere were problems of qonfounding in the data. Many
sire/year/herd subcells contained only one record. The decision was
made to reduce the model by dropping Soﬁe interactions rather than
edit‘the data to keep as many records éé possible in the-analysis.
The partial cubic regression of birth weight on weaning age
‘was not significgnt (P>.10). Because all calves within a year-herd '
sub~unit were weaned on a common date,.the weaning age can be

considered as a function of day of year born. -The partial cubic




TABLE 30. LEAST SQUARES ANALYSIS OF VARIANCE FOR MODEL IIT - ANGUS

. N Mean squares -
Birth ~ Preweaning Weaning . Postweaning Final test

Source df weight gain weight . gain . weight
Herd (H) '3 582,1%%  ,8759%% 53237%% 3.586%% 210890%*
Year/herd 25 103.0%%  ° ,1872%% . 10099%* .589%% 36448%%
Sire/year/herd _131 19.7%%  .0L35%% 690%+ .027%% 1866%%
Sex (S) = 1 1074.2%%  2.4142%%  131611%*% 54.450%%  2371695%%
Age of dam A 9 CTT.4kk - 0772%%  4B78%x . .002 » 5396+
HxS 3 25,1% .0572%% 2246%% .573%% 14567%% .
Regression on 1
weaning age
-linear 1 9.2 0166 = 431 o Le13 - 2557 .
| —quadratic . 1 13.4 . .0l72 . 1293 . 017 4472
—ewbic 1 18,7 0203+ 1840% 1,020 5507%
. Remainder 1937 8.8 . .0062 - 330 N A 876
*%P<,01., ’ ‘
* P<.05.

+ Px.10.
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regression of weaning age on preweaning gain approached significance -
(P<.10). Weaning and final test weight regressed on Weéning age were

both significant (P<.OSZ while postweaning gain on weaning age was

not (P>.10) a significant regression, Tﬁe cubié regression equation i %

for weaning wéight on Weaﬁing-age-waé:‘§_¥ 210 kg + (-1;65 kg/da&)'
(X-days - 218 days) + (.0133 kg/dayz) X dafs'- 21_9-days_)2 + (~.000024
kg/day3)'(X days - 219 days)3. For Angué péstwaaniﬁg a%erage daily
gain regression on weaning age thé,équgtion was: Q = ,76i kg/day +
(-.0091 kg/day/day) (X days - 219 da&é) + (.060049 kg/day/day)

(X days - 219 days)? + (-.00000008 kg/day/day>) (X days - 219-aays)3.

Table 31 shows the estimates of the p?opgﬁtiﬁﬁg/;; the total
. . . T '

. variation attributed to each source of variation. Estimates were

made by estimating the components of variance for each. source of
variation. | |

The héritabilitiesv#ndicorrelations'df the Angus traits'are
preéented in tables 32; 33 and 34 fquthe'combined anaiysis of'both
sexes, males only aﬁi fémales only, iespeqfively. The'cbmbined esti~
maté.of héritabilityléfrbirth weight of.5391.07 égieés with the
welghted éverages of both Preston and Willis (1974) (avg; = ,38)
and Petty and Cartwright (1966) (avg. = .44). The combined estimate .
of heritability of'preWeaﬁing average daily gain was .29:;06° Preston
and Willis'reported a preferred value:of .27 and Petty and Carfwright

found a weighted average of .,31 for heritability of_prewéaning gain.




' TABLE 31. COMPONENTS OF VARIANCE AND THEIR RELATIVE PROPORTIONS IN LEAST SQUARES ANALYSIS
) OF VARTANCE - MODEL III - ANGUS

: Variance and percentage of total variance
Birth weight Preweaning ADG Weaning weight Postweaning ADG Final weight

Var. % Var. A Var. % Var. % Var, %

Source comp, total comp, total comp., total comp. total comp. total
" Herd (H) 1.25 8.4 .0019 11.5 116 12.8 .0078 5.8 459 7.1

Sire .97 6.5 .0006 3.6 32 3.5 0011 .8 87 1.4
year 1.2l 8.1 .0027 16.4 145 16.0 .0087 6.5 534 8.3

Sex (S) 2.17  14.6 .0045 27,3 245 27.1 ,1614 "75.4 4416 68.6

Age of dam 48 3,2 .0005 3.0 31 3.4 - 31 S5,
HxS & i3 L0000 .6 S .6 .0015 1.1 38 .6 %
Error 8.77 _58.9 .0062 _37.6 330 . 36.5 0140 © _10.4 _876 | 13.6

Total  14.89 100.0 .0165 100.0 . 904  99.9 .I345  100.0 6441. 100.1




TABLE 32, ESTIMATES OF HERITABILITY AND GENETIC (G), ENVIRONMENTAL (E) AND PHENOTYPIC

(P)2 CORRELATIONS FOR PRODUCTION.TRAITS OBTAINED BY PATERNAL HALF-SIB

ANALYSISP OF ANGUS CALVES - BOTH SEXES

Preweaning Weaning

Postweaning Final test Heritability

.gain weight gain weight estimate

Birth weight G 424,15 .53+,14 43%.17 .70%.12 .39+.07
E .19 .34 .20 .26
P .26 . .40 .26 .39

Preweaning gain G .96+,01 .16%,21 71,10 .29%.06
- E .99 .26 .69
P .98 .24 .70

Weaning weight G .10%.22 .73+.10 274,06
‘B .31 .72
P .26 .72

Postweaning gain G. 71,11 .20%.06
' E .83
P .80

" Final weight .25%,06

a4 Phenotypic correlation greater than .06 are significant (P<.05).

b k value fqr sires = 11.32.

=161~




TABLE 33. ESTIMATES OF HERITABILITY AND GENETIC (G), ENVIRONMENTAL (E) AND PHENOTYPIC
(P)2 CORRELATIONS FOR PRODUCTION TRAITS OBTAINED BY PATERNAL HALF-SIB

ANALYSISP OF ANGUS HEIFER CALVES

Preweaning. Weaning Postweaning' Final test Heritability
gain weight '~ gain weight estimate
Birth weight G 41,31 .61£.26 .00%,29 . .54%.27 .33%,10
E .34 45 , .36 .46
P .35 ' 47 .25 47
Preweaning gain G ,94%.04  -,11%,38 .55%,30 .15%,09
- E 099 : 318 '74
P .98 S ¥ .71
Weaning weight G '-.18%,38 © ,62%,27 " .15%,08
E .25 ; .77 :
P .16 .75
Postweaning gain ¢ -48%.27 .27%,09
: E .79
P B
" Final weight ' , ' C ' .16 %09

2 Phenotypi¢ correlations greater than .06 are significant (P<.05).
b k-value for sires = 7.18. : ~

e




TABLE 34, ESTIMATES OF HERITABILITY AND GENETIC (G), ENVIROMMENTAL (E) AND PHENOTYPIC
(P)2 CORRELATIONS FOR PRODUCTION TRAITS OBTAINED BY PATERNAL HALF-SIB
ANALYSISP OF ANGUS BULL CALVES :

e e—————

Preweaning Weaning Postweaning Final test Heritability
gain weight gain weight estimate

Birth weight G .38+.21 4,20 .54%,21 .68%,18 .52%,10
: E .10 .31 .17 .22
P .21 .35 .29 . .37

Preweaning gain G. 796 ;02 .19%,28 .65%,16 | .32%,09
E’ .99 - .37 .73
P .98 ' .32 .70

Weaning weight G .18%,30 .67%,16 .28%,09

- E L4l .76 '

P .35 T4

Pdstweaning weight G .83%,10 - .23%.09
E .84
P .83

Final weight ' S .24%.09

~€QT~

4 phenotypic correlations greater than .06 are 51gn1f1cant (P<05),
b k-value for sires = 7.03.
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Coﬁbined sex analysis of weaniﬁg weight heritability géve an estimate
of .27T;06 which also agrees with the literature estimates. fetty-
and Caftwright reported a ﬁeighted me;n of .28 ané.Pfeston ané
Willis reported .30. The individual sex estimates of the heritabilify '
of Weaning‘weight, however, do not agree wifh the literature in that
the males in this study were- estimated at a higher level than the
females (.28%.09 vs. .15%.08, the difference was not significant,
(f>.10). | | | |

The heri£abilities of the postweaniﬁg traits foundAhere were
‘ lower th;n the majorify of the 1iterature'repo£ts. Eséimates were
,27*.09 and .16*.09_for postweaning gain an&,final weight, reépectively,'
‘.in heifers and .23%.09 and 24%.09 for the same respective traits in’
bull calves. Preston and Willis repérted pxeferféd vaiues of .52 for.
feedlot gain and .77 for final test weight. Petty.and Cartwright‘
found heritability estimates of .52 for feedlot gain, .30 for pasture
gain and .58.for final féedlot weight. LbWer esfimates were reported
by Dickersonet al. (1974) who reported heritability estimates of .26 -
and .48 for postweaning gain and fihal test weighf, respectively, in
. an Angus, Hereford and Shorthorn mixed study. Francoise et al. (1973)
estimated.heritability of yearling weight of';Oé and .29 ip Apgus :

bulls and heifers, respectively.
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One possible explanation could be that the animals in this
study were showing the effects of selection. As bulls were selected
by common criteria, the between sire variénce component decreased and
thus decreased the heritability estimétés. The éenetic and pheno-
typic correlations generally agreed with the literaturé estimates.
There did not appear to be any noticeable differénces in the correla-
tiéns involving the postweaning traits, even though their heritébility
estimates were lower. This could indicate that the same values for
genetic correlations can be used to célculate correlatéd response in
spite of the selection influence on the,heriﬁability.‘

A single model was used for Model III analysis of variance
of the five production traits in Hereford bull calves (table 33).
VThe-résults agreed in general Qith the Model III Angus‘analysis.

All maih effects were highiy significant (P<.61) for all traits
except. the age of dam effect which,'és'in'Angus, was non-
significant (P>.10) for postweaning gain buf highly significant
(P<.01) for the other four traits. (The herd effect in Hereford
bulls was significant at a lower level (P<,05) for-pbsfweaning gain).
Herd by age of dam interactions were nonsignficant (P>.10) far all
traits. The linear partial regressions of prodﬁction traits on age
at weaning in days were highly significant‘(P<.Ol) for the traits
preweaning gain and birth, weaning andlfinai'tgst weights but non-

gsignificant (P>.10) for postweaning gain., The regression coefficients




TABLE 35, LEAST SQUARES ANALYSIS OF VARTANCE FOR MODEL III -~ HEREFORD BULL CALVES

Mean squares

Birth Preweaning Weaning Postweaning Final test
Source df weight gain weight gain : weight
Herd (H) 2 1819, 4%* 1.6360%* 92708%% 3.378% :401520**
Year/herd 25 37.0% .1767%% 9504%% .690%% 40036%*
Sire/year/herd 148 o 22,1%% L0Ll47%% 738%* .029%% 2032%%*
Age of dam (A) 9 54,6%% .0508%* 2918%* .012 - 4028%*
Hx A o 18 2 - .0078 319 .017 726
Regression on .
weaning age ‘ e ) )
~linear 1 224, 1%% . 2560%% 211897%% .012 239071%*%
. . 1
Remainder . 1175 10.6 .0082 . 404 . .019 866 E
’ t

* P<.05.
*%p<.01.




TABLE 36. COMPONENTS OF VARIANCE AND THEIR RELATIVE PROPORTIONS IN LEAST SQUARES ANALYSIS
OF VARIANCE - MODEL III - HEREFORD BULL CALVES

Variance and peércentage of total variance
Birth weight Preweaning ADG Weaning weight Postweaning ADG Final weight

. Var. - % Var. % Var., % Var. % - Var, %
Source comp, total comp. total comp, total comp. total comp, total
‘Herd (H) 3.81 22.6 .0005 3.7 57. 7.9 .0862 71.5 2978  61.7
Year/herd .21 1.2 .003% 25.2 183 . 25.3 .0136  11.3 - 780 16.1
Sive/year/herd 1.61 9.6 .0009  6.7. 48 6.6 0014 1.2 166 3.4
Age of Dam (A) .61 3.6 .0005 3.7 31 4.3 .0000 .0 40 .8
H x A .00 .0 0000 .0 0 .0 .0000 .0 o0 Lo
Remeinder = 10.61 _63.0 L0082 _60.7 404  _55.9 .0193  _16.0 866 _17.9

Total  16.85100.0 .0135 100.0 723  100.0 .1205  100.0 4830  99.9

-LST~
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were -.022 kg/&ay for birth weight, -;0007 kg/day for preweaﬁing gain,
.68 kg/day for weaning weight and .72 kg/day for final test weighg.
Table 36 presents the components of variafion‘for each trait and
their relative proportion of the total .variation.

The genetic parameters obtaine& from Mo&el III anaiysis of
Hérgford bull calves arepresentedip table 37. The estimate of
heritability of bifth weight of .62%.10 is higher than.the 1iterétufe
average estimates (see table 1), although it is in general agreement
with the Hereford bull estimates of .53 by.Knapp and Nordskog (1946),
.59 by Shelby et al. (1957) and .72 by ShelBy, et al. (1955). The
estimates of herltablllty for preweaning galn and weaning weight,

.23%, 08 and .33% .09, respectively, are in general agreement with the
. literature. The postweaning gain estimate of heritability of ,16f.07
is lower than the literature estimates in general, although it is in
agreement with the Angus estimate of this study and the Hereford bull
_estimates of .11 by Francoise et al. (1973). The fina1>test weight |
estimate of .40¥.09 is also lower than the majority of fhé literatpfe
estimates but’it is higher than the Angus estimate of this study.
Roch et al. (1973) estimated heritability of final weight in Hereford

bulls at .29 and Cundiff et al. (1975) estimated 452 day weight in

Angus and Herefords mixed at .40 within breed and .27 within herd.




N

TABLE 37. HERITABILITY ESTIMATES AND GENETIC (G), ENVIRONMENTAL (E) AND PHENOTYPIC (P)@
CORRELATIONS AMONG PATERNAL HALF-SIBSP IN HEREFORD BULL- CALVES

—

Preweaning Weaning  Postweaning Final test Heritability
gain weight , gain weight estimate
Birth weight G .17%.19 .37%.17 7421 .60%,13 .62%.10
E .22 .31 01T . .13
P .19 .33 . 24 . .36
Preweaning gain G L97%.01  .55£.28  .73%.12 .32%,08
' E .99 .00 .53 ’
P .98 .13 : .60
Weaning weight G . " .65%,27 .84%,09 ' .33%,09°
E .00 .51
P .15 . .63
Postweaning gain G J77%.12 .16%.07
: E- .78 : :
P 74
Final test weight : R L : .40%,09

‘a Phenotypic correlations greatef than .06 are significant (P<.05).
b k-values for sires = 6.91. '

-6ST-
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Genetic correlations between postweaning gain and birth weight, pre-
weaning gain, and weaning weight are lower than the Angus bull
estimates, otherwise the correlations are in general agreement with
the Angus estimates and the litérature in general (see tablés'ﬁﬁénd 36).
There were a total of 85 Hereford sires in this Model III analysis.

Sires used more than one year were counted as separate sires. The

_total number of sire/year/herd df was 148. '

Model 1Ila was an analysis of both sexes of Hereford calves

‘under Model III type analysis, but weaning weight was the only trait.

Table 38 shows the least square analysis of variance table for
the Model IIla analysis of Hereford weaning weights. All sources of
variation were highly significant (P<.01). Herd, sex and age of
dam were fixed effects and year within herxd and sire within ?ear within
herd were random effecﬁs. The interactions fitted were herd by sex
and sex by age of dam. The partial régfession of weéninghweight on
age at weaning was highly significant (P<.0l) at the linear level with
a regression coeffiqiént of .729 kg/day.  Individual sex analysis
produced highly significant (P<.01) parfiai regression coeffidienté'
of .716 kg/day for females and .750 kg/day f;r males.

The individual cdmponents of variance an& their relative impor-
tance are shown in table 39; Eéch main effegt made up at least 3% of
the overall variation. Each of the interactions, hoWever, made up

less than 1% of the total variation. Herd by.sex and sex by age of




-161-

dam interactions were therefore both highly signifieant (P<.01)
statisticallf, But:neither was of practical importance to this study.

The estimates of heritability from Model I1Ia analysis of weaning
weight (table 40) were .23%¥.03 for the combined -sex analysis, .28%.05
for males only and 23+ 06 .for females only. These estimates are
.slightly lower than the preferred value of .27 by Preston and Willis -
'(1974) and the weighted.average of .31 by Petty and Cartwright (1966)
They are, however, in general agreement in value and relative sex
rankings with- the Angus data of this study, The bull caif talues
_ agtee especially well.: |

TABLE 38. LEAST SQUARES ANALYSIS OF VARIANCE FOR.MODEL IIIa - HEREFORD
WEANING WEIGHTS . ' .

Source - l - df - - Mean sgquare -
Herd () 8 C 141756%%
Year/herd : - 71 ' 14344%
Sire/year/herd - N 388 ' 854 %%
Sex (S) : . ' 1 C 170951%% .
Age of dam (A) - 9 , 14326%%*
H#%S . , -7 - " 3336%% .
SxA 9 o 1105%%*
Regrssion on weaning age , ‘ . .
-linear . 1 ' 1057936%*
Remainder ' 5504' : 440

%% P<,01,
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TABLE 39. COMPONENTS OF VARIANCE AND THEIR RELATIVE PROPORTION OF THE
TOTAL VARIATION - MODEL IITa - HEREFORD WEANING WEIGHIS -

BOTH SEXES -
Variance ' Percent
Source . component ' '~ total
Herd (H) = 225 22.0
Sire = 36 3.1
-Year = 185 15.9
Sex (8) = 197 17.0
Age of -dam = 36 3.1
Hx S = 7 .6
S x A = 4 .3
Remainder = 440 . 37.9

Total 1160 99,9

TABLE 40. PATERNAL HALF-SIB ESTIMATES OF HERITABILITY OF WEANING WEIGHT
BY MALE ONLY, FEMALE ONLY, AND COMBINED SEX ANALYSIS OF
HEREFORD CALVES - MODEL IIIa '

No. of Héritability
Analvsis : calves estimate
Males only : | 3934 .. .28%.05
Females only » 2065 : " <23x.06

Combined sexes ' _ 5999 ‘ .23%.,03




SUMMARY

‘Field records of 6200 purebred calves from 6 Angus herds and
7700 purebred calves from 9 Hereford herds were analyzed by least
squares analysis. Herd, year, year within‘herd, sire within year
within herd, sex, age of dam}.and,interactions among these factors
along with regressions on day of birth and age at Weaning were analyzed
in various combinations as independent rariables in three basic least
' squares models. Response variables were birth Weight, prewedning
average daily gain, weaning weight, postweaning average daily gain and.
final postweaning test weight.

The ohjectives of this study were: to analyze time trends in
order to estimate past respohse to genetié selection; to calculate
and evaluate sex and age of dam correction factors used to reduce
environmental effects; and to estimate genetic parameters in order to
predict future responses to selection, -

fhe time trend analysis showed that birthland weaning Weights did
increase 31gn1f1cant1y in the time period (1959 to 1973) of the study.
It is assumed that - the weaning weight increase was a. direct response .
and the birth weight increase a correlated response to selection. Both
breeds showed a nonsignficant increase in postweaning average daily
gain and no discernibleiresponse in final testlweightﬂ'

Correction factor analysesvshowed few clear cut decisions between
additive and multiplicative factors. The decision criteria were effects

on main sources -of variation, interaction sources and within sex and
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age of dam subclass variation. The multiplicative sex correction fac-
" tors were preferred in birth and weaning weight adjustments in both
breeds and in preweaning average aaily gain adjustment'in Angus.
Additive sex correction factors were preferred in Hereford preweahing
averagé daily gain adjustments. Multiplicative age of dam correction
factors were preferred in both breeds for birth weigﬁt adjustments.
Additive age of dam correction factors were-preferred.in Hereford pre-
weaniné-aﬁerage daily gain and weaning weight. No decision between
additivé and multiplicative age of dam correétion factors was rgachéd
in Angus prewéaniﬁg averagé‘daily gain and weaning weight.

The relative'séx and age of dam adjustment factors were consitént-
ly different for the two breeds. The sex difference was consistently
larger in the Angus traits as compared to the Hereford differences.

The industry recommended multiplicative factors wére shown to be inade-
quate in equalizing the sex and age of dam effects in the Angus data,

but were better at correcting the Hereford data. Thé indu;try recomménds
the same factofs for‘bdth Angus and Herefdr& adjustments, although the
‘industry recommendation may'havé been based primarily on Hereford records,
In this study, corréctioﬁ.factors were not appliéable acrbss‘breéds.

As anhéxample; the sex differences (bull ys. heifer) in weaning
weight were 13% in the Angus data and 10% in the Hereford data. The
industry recomméndation is a 16% adjustment. The Angus adjustments to

the 5 to 10 year old dam basié reqﬁired 11, 6, 3 and 1% adjustments
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for 2, 3, 4 and 11+ year old subclasses, respectively. Hereford
adjustments for the same'respective set of dam ages for weaning weight
were 13, 8, 4 and 4%. The industry recommended adjustments for‘the
same respective ages of dam were 15, 10, 5 and 5%.

The common practice of adjusting age of dam effects to the set
of dams aged 5 to 10 years was found to be wholly adequate when compa?ed
to adjusting to a single age of dam or ‘to adjusting to a different set.

The estimates of heritability in'£he.Angus data were .39, .29,
.27, .20 and ,25 for birth weight, preweaning average daily gain,
weaning weight, postweaning average daily gaiﬁ and final test'weight,
respectively, from combined sex analyses. Angus estimates from bull
only analyses were .52, .32, .28, .23 and .24 for the same respective
traits and from heifer only analyses the éstimates were .33, .15; .15,
.27 and .16. Hereford bull heritability esﬁimates for the same
respective traits were .62, .32; .33, .16 and .40. Hereford heritabil-
ity estimates for weaning weight only (Model IIIa, with more déta)
were .28 for males, .23 for ﬁemales, and .23 for the combined analysis
of sexes.

The estimates of heritability for.birfh weight, preweaning average .
daily gain and weaning weight were in general agreement with.thg liter-
ature estimates. Individual sex'analyéis showed estimated heritabilities
for bull calves to be higher fhan'for femaleg in Angus,'whicﬁ wés not

in agreemént with ﬁhe majority of the literature estimates.
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Heritability estimates for postweaning average daily gain and final
weight were lower than most previously published estimates. The
suggestion was made that the lower heritability estimates were an
effect of selection. |

The correlation estimates were in geﬁeral agreement with the
literature estimates, including co?relations'involving those traips
whose heritability estimates were lower.

The gene?ic correlations are important in estimating correlated
response to seiection. The majority of cattle producers try to
increase gains and weaning and final weights but don't wish to
increase birth-wéight. Bull analysis of both breeds showed post-
weaning average daily gain and final test weight to have genetic
correlations with birth weight in excess of .50. Preweaning average
daily gain and weaning weight had genetic correlations to birth
weight of less than .50, indicating the bull selection at weaning
would be better at controliing birth weight than selection for a

postweaning trait.




LITERATURE CITED

Alexander, G. I. and Ralph Bogart. 196l. Effect of inbreeding and
selectlon on performance characterlstlcs of beef cattle.
 J. Anim. Sci. 20:702.

Ballard, WilliamandD. E. Ryerson. 1973, Impacts of induced rainfall
of the Great Plains of Montana. Sec. l-Range Livestock Produc-
tion. Montana Agr. Exp. Sta. Res. Rep. 42. July 1973. o

Barlow, R., E. Belinda Dettmdnn and L. G, Williams. 1974. Non-genetic
factors affecting weaning performance  of Angus cattle in N.S.W.
Proc. Aust. Soc. Anim. Prod. 10:37.

Berg, R. T. 1961, Factors influencing calf weaned weights in a
commercial Aberdeen Angus herd. J. Anim. Sci. 20:670 (Abstr.).

B.I.F. 1972.  Guidelines for uniform beef improvement programs.
U.S.D.A., Extension service, Program Aid 1020.

Blackmore, D. W., J. A. Marchello and J.‘J. Urick. 1960. Differential
growth of males and -females in different years. Proc. West. Sec.
Am, Soc. Anim. Prod. 1960:VIII.

Blackwell, R, L., J. H. Knox and P. V. Hurt. 1958. Effect of age of
dam on weaning weight, long yearling weight and postweaning gains
of beef cattle. Proc. West. Sec. Am. Soc. Anim. Prod. 1958:XLII,

" Blackwell, R. L., J. H. Knox, C. E. Shelby and R. T. Clark. 1962.
Genetic analysis of economic characteristics of young Hereford
cattle. J. Anim. Sci. 21:101.

Boston, A. C., J. V. Whiteman and R. R. Frahm. 1975. Phenotypic
relationships within Angus and Hereford females. II. Repeat-
abilities of progeny weaning we1ghts J. Anim, Sei. 41:23,

Botkin, M. P. and J. A. Whatley, Jr. 1953. Repeatability of
production in range beef cows. J. Anim. Sci., 12:552,

Bovard, K; P., B. M. Priode and W..R. Harvey., 1963, Estimates of
year, sex, age of dam, age and inbreeding effects on beef
calf performance to weaning. J. Anim., Sci. 22:244 (Abstt.).

Bradley, N. W., L. V. Cundiff, J. D. Kemp and T. R. Greathouse. 1966.
Effects of sex and sire on performance -and carcass traits of
Hereford and Hereford Red-Poll calves. J. Anim. Sci. 25:783.




-168-

Brinks, J. S., R. T. Clark, F. J. Rice and N. M. Kieffer. 1961.
Adjusting birth weight, weaning weight, and preweaning gain
for sex of calf in range Hereford cattle. J. Apim. Sci. 20:363,

Brinks, J. S., R. T. Clark, N. M. Kieffer and J. R. Quesenberry. 1962.
Genetic and environmental factors affecting performance traits .
of Hereford bulls. J. Anim. Sci. 21:777.

Brinks, J. S., R. T. Clark, N. M. Kieffer and J. J. Urick. 1964.
Estimates of genetic envirommental and phenotypic parameters
in range Hereford females. J. Anim. Sci. 23:711.

Brinks, J. S., R. T. Clark and N. M. Kieffer. 1965. Evaluation of
response to selection and inbreeding in a closed line of
Hereford .cattle. U.S.D.A. Tech. Bull. 1323.

Brinks, J. S., B. W. Knapp, J. J. Urick and O. F. Pahnish. 1972.
Heterosis in preweaning maternal traits among lines of Hereford-
cattle. J. Anim. Sci. 34:14.

BrinkS} J. S. and B. W. Knapp. 1975. Effects of inbreeding on .
performance traits of beef cattle in the western region.
Colo. State Univ. Exp. Sta. West. Reg. Tech. Bull., 123,

Brown, C. J. 1958. Heritability of weight and certain body dimensions
of beef calves at weaning. Ark., Agr. Exp. Sta. Bull. 597.

Brown, C. J. 1960. Influence of year and season of birth, sex, sire,
and age of dam on weights of beef calves at 60, 120, 180, and 240
days of age. J. Anim. Sci. 19:1062. .

Brown, C. J. and M. Gacula, 1965. Estimates of heritability of beef
cattle performance traits by regression of offspring on sire.
J. Anim. Sci. 23:321. ’

Brown, C. J. and V. Galvez M. 1969. Maternal and other effects on
birth weight of beef calves. J. Anim. Sci. 28;162.

Burfening, P. J. and D, D, Kress. 1973, Heterosis for most probable
producing ability in Hereford cows. J. Anim. Sci. 36:7. -

Burgess, J. B., Nellie L. Landblom and H H. Stonaker. 1954. ~Weaning
weights of Hereford calves as affected by inbreeding, sex and
age. J.  Anim. Sci. 13:843. '




-169-

Burris, M. J. and C, T. Blunn. 1952, Some factors affecting gestation .
length and birth weights of beef cattle. J. Anim. Sci. 11:34.

. Busch, D. A. and C. A. Dinkel. 1967. 'Heritability estimates for ,.

certain beef traits, J. Anim. Sci. 26:1465 (Abstr.).

Cardellino, R, and R. R. Frahm. 1971. Evaluation of two types of
age of dam correction factors for weaning weight in beef cattle
J. Anim. Sci. 32:1078, '

Carter, R. C. and C. M. Kincaid.. 1959a. Estimates of genetic and
phenotypic parameters in beef cattle. II. Heritability
estimates from parent offspring and half-sib resemblances.
J. Anim, Sci. 18:323.

. Carter, R. C, and C. M. Kincaid. 1959b. Estimates of gemetic and

phenotypic parameters in beef cattle. III. Genetic and phenotypic
correlations among economic characters. J. Anim. Sci. 18:331.

Chambers, Doyle, N. M. Kieffer and L. S. Pope. 1958. Inheritance of
productivity of beef cows. ' Okla:. Agr. Exp. Sta. Misc. Pub. '
No. MP-51, ' :

-Chapman, H. D., T. M. Clyburn and W. C. McCormick. 1969, Selection -

of beef cattle for single traits. J. Anim. Sci. 29:225,

Christian, L. L., E. R, Hauser and A. B. Chapman. 1965. Association
of preweaning and postweaning traits with weaning weight in
cattle., J. Anim. Sci. 24:652.

Climatological Data =~ Montana. 1965. U. S. Dept. of Commerce, Weather
Bureau, Helena, Montana. .

Cobb, E. H., W. C. Burns and Marvin Koger., '1964 Comparatlve perform~
ance of British, Brahman, and Crossbred Foundation cattle.
J. Anim., Sci. 23:848 (Abstr.).

Cooper, C. R., T. M. Sutherland, P. S. Pattengale and J. S. Williams.
1965, Effects of environmental factors and their two way .
interactions on weaning traits in Colorado beef herds. 'J. Anim.
Sci. 24:847 (Abstr.).

Cundiff, L. V., R. L. Wilham and C. A. Pratt. 1965. Multiplicative
vs. additive corrections for weanlng weight. J. Anim., Sci.
24:847 (Abstr.).




-170-

Cundiff, L. V., R. L. Willham and Charles A. Pratt. 1966a. Effects of
certain factors and their two-way interactions on weaning weight
in beef cattle. J. Anim. Sci. 25:972.

Cundiff, L. V., R. L. Willham and Charles A. Pratt, 1966b. Additive
versus multiplicative correction factors for weaning weight in
beef cattle. J. Anim. Sci. 25:983.

Cundiff, L. V., K. E. Gregory and C. R. Long. 1975. Genetic varia-
tion among and within herds of Angus and Hereford cattle.
J. Anim. Sci. 41:1270. '

Cunningham, E. P. and C, R. Henderson, 1965a. Estimation of
genetic. and phenotypic parameters of weaning traits in beef
cattle. J. Anim. Sci. 24:182.

Cunningham, E. P. and C. R. Henderson. 1965b. Repeatability of
' weaning traits in beef cattle., J. Anim. Sci. 24:188.

Dahmen, Jerone J. and Ralph Bogart. 1952, Some factors affecting
rate and economy of gains in beef cattle. Ore. Agr. Exp. Sta.
Tech, Bull. 26. July 1952, - .

Dawson, W. M., R. W. Phillips and W. H. Black. 1947. Birth weight '
as a criterion of selection in beef cattle. J. Anim. Sci. 6:247.

Dickérson, G. E., Niklaus Kunzi, L. V. Cundiff, R. M. Koch, V. H.
' Arthaud and K. E. Gregory. 1974, Selection criteria for
efficient beef production. J. Anim. Sci. 39:659.

Dinkel, C. A, and D. A, Busch. 1973. Genetic parameters among
production, carcass composition and carcass quality traits of
beef cattle. J. Anim, Sci. 36:832;

Dinkel, C. A., D. A, Busch, J. A. Minyard and W. R. Trevillyan.
1968, Effects of inbreeding on growth and conformation of
beef cattle. J. Anim. Sci. 27:313.

Drewery, K. J. and L. N, Hazel. 1966. Beef calf Weights as indicators
of dam producing .ability. J. Anim. Sci. 25:878 (Abstr.).

Eckles, C. H. 1919. A stddy of the birth weight of calves. Mo. Agr.
Exp. Sta. Res. Bull. 35. : :




-171-

Evans, Lee L., J. 'V, Craig, G. F. Cmarik and R. J. Webb., 1955.
. Influence of age of calf, sex and age of dam on weaning weight
in Herefords. J Anim, Sci. 14:1181 (Abstr.).

Falconer, D. S. 1960 " Introduction to Quantltatlve Genetics.,
Ronald Press Company, New York.

Fitch, J. B., P, C. McGolliard and G. M. Drumm. 1924. A study of
the blrth welght and gestation of dalry animals. J. Anim., Sci.
7:222,

Flower, A, E,, J, S. Brinks, J.. J. Urick and F. S. Willson, 1963,
Comparlsons of inbred lines and linecrosses for performance
traits in Hereford range cattle, J. Anim. Sci. 22:914.

Foote, W. D., W. J. Tyler and L. E. Casida. }959. Effect of some
genetic and maternal environmental variations on birth weight
and gestation length in Holstein cattle. J. Dairy Sci. 42:305.

Foote, W. D., E. R, Hauser and L. E. Casida. 1960.- Effect of uterine
horn pregnant, parity of dam, and sex of calf on birth weight

and gestation length in Angus and. Shorthorn cows. J. Anim. Sci.
19:470. : ' '

. Francoise, J. J., D. W, Vogt and J. -C Nolan, Jr. 1973. Heritabilities
of and genetic and phenotypic correlations among some economically .
important traits of beef cattle. J. Anim. Sci. 36:635.

Gregory, Keith E., C. T. Blunn and M. L. Baker. 1950. A study of
some of the factors influencing the birth and weaning welghts
of beef calves J. Anim. Sci.. 9:338. '

Gregory, J. H. and H. A. Stewart. 1962. Relationships of performance
of bulls to performance of their progeny. J. Anim. Sci. 21:380
(Abstr.). : :

Gregory, K. E., L, A. Swiger, R. M. Koch, L,.J. Sumption, J. E. Ingalls,
W. W. Rowden and J. A. Rothlisburger. 1966a., Heterosis effects
on growth rate of beef heifers. J. Anim. Sci. 25:290.

Gregory, K. E., L. A. Swiger, R. M. Koch, L. J. Sumption, J. E., Ingalls,
W. W. Rowden and J. A, Rothlisburger. 1966b. Heterosis effects '
on growth rate and feed eff1C1ency of beef steers. J. Anim. Sci.
25:299,




-172- -

Hamann, H. K., S. Wearden and W. H. Smith. 1963. Estimation of
genetic and environmental factors affecting weaning weights of
creep- -fed cattle. J. Anim. Sci. 22:316.

Harrlcharan, H., R. W. Bratton and C. R. Henderson. 1967. Estimates
of some genetic parameters of economic importance in Angus
cattle. J. Anim. Sci. 26:875 (Abstr.).

/ﬂHarvey, W. R, 1970. Estimation of variance and covariance components .
: .in the mixed model. Biometrics 26: 485

Harvey, W. R. 1975, Least squares analysls of data with unequal
subclass numbers.  U.S.D.,A. Agr. Rep. Service. ARS H-4.
Feb. 1975, C

Harwin, G. 0., J. S. Brinks and H. H. Stonaker. 1966. Genetic and.
envirommental interactions affecting weaning weights of
Hereford calves. J. Anim. Sci. 25:779.

/ﬁ/Hobenboken, W. D, and J. S. Brlnks 1969. Effect.of environmental

.corrections on repeatablllty of weaning weight in Angus.- J.
Anim. Sci. 29:534.

Hoover, C. D., D. Chambers, J. A. Whatley, Jr. and D. F. Stephens.
1956. Productivity of beef cows as appraised by calf weights
at 112 or 210 days of age. J. Anim. Sci. 15:1224 (Abstr.).

Humes, P. E., Ralph Bogart, K. E. Rowe and P, E. Schilling. 1973,
Heterosis among inbred lines of Hereford cattle for preweaning
and weaning traits. J. Anim. Sci. 36:466.

4 Johnson, L. E. and C. A, Dinkel. 1951, Correction factors for
adjusting weaning weights of range calves to the constant age
of 190 days. J. Anim. Sci. 10:371.

Knapp, Bradford, Jr., W. V. Lambert and W. H. Black. 1940, Factors
influencing length of gestation and b1rth weight in cattle.
J. Agr. Res. 61:277.

Knapp, Bradford, Jr., A L. Baker, J. R, Quesenberry and R. T. Clark.
1942, Growth and'production factors in range cattle. Mont. Agr
Exp. Sta. Bull. 400.

Knapp, Bradford, Jr. and R. W. Phillips. 1942. Differences in
performance between sexes in offspring of beef bulls J. Anim,
Sci. 1:346 (Abstr.).




-173-

Knapp, Bradford, Jr. and R. T. Clark. 1950. Revised estimates of
heritabil ity of -economic characteristics of beef cattle.
J. Anim, Sci. 9:582,

Koch, Robert M. 1951. Size of calves at weaning as a permanent
characteristic of range Hereford cows. J. Anim. Sci, 10:768.

Koch, R, M. and R, T, Clark. 1955a. Influence of sex, séason of
birth and age of dam on economic tralts in range beef cattle.
J. Anim. Sci. 14:386.

Koch, R. M. and R. T. Clark. 1955b. Genetic and envirommental
relationship among economic characters in beef cattle, 1I.
Correlation among paternal and maternal half-sibs.. J. Anim,
Sci. 14:775. :

‘Koch, R. M. and R. T. Clark. 1955c. Genetic and environmental

relationship among economic characters in beef cattle. II.
Correlations between offspring and dam and offsprlng and
sire. J. Anim. Sci. 14:786.

Koch, R. M. and R. T. Clark. 1955d. Genetic and environmental
' relationship among economic characters in beef cattle. III.
Evaluating maternal enviromment. J. Anim. Sci. 14:979.

Koch R. M., K. E. Gregory, J. E. Ingalls and R. L, Arthaud. 1959,
Evaluating ‘the influence of sex on birth welght and preWeanlng
gain in beef cattle. J. Anim. Sci. 18:738.

Koch, R. M., K. E, Gregory, L. V. Cundiff and G. E. Dickerson. 1968.
Selection response in three lines of Hereford cattle. J. Anim.
Sci. 27:1127 (Abstr.).

Koch, R, M., L. V. dundiff ‘K. E. Grégory and G. E. Dickerson. 1973.

Genetic and phenotyplc relations associated with preweaning and
postweaning growth of Hereford bulls and heifers. J. Anim.
Sci., 36: 235

Koger, Marvin and J. H. 'Knox. 1945. ' A method for estimating weaning
weights of range calves at a constant age. J. Anim. Sci. 4:285.

"Koger, Marvin and J H. Knox. 1947. The repeatability of the yearly

production of range cows. J. Anim, Sci. 6:461.




-174-

Koonce, K. L. and E. U. Dillard. 1967. " Some environmeﬁtal effects on
birth weight and gestation length in Hereford cattle. J. Anim.
Sci. 26:205 (Abstr.).

Kress, D, D. and P, J. Burfening. 1972. Weaﬁlng weight related to
subsequent most probable producing ab111ty in Hereford cows,
J. Anim. Sci. 35:327. .

Kress, D, D. and R. P. Webb., - 1972. Sex x sire interactions in beef
cattle. Proc. West. Sec. Am.'Soc. Anim. Sci. 23:12,

.Kress, D. D., P..J. Burfenihg, D. C. Anderson and R. L. Blackwell.
1973. Early growth of straightline and crossline calves.
J. Anim. Sci. 37:236 (Abstr. )

Lasley, J. F., B. N. Day and J. E. Comfort. 1961. Some genetic
aspects of gestation length, birth and weaning weights in
Hereford cattle. J. Anim. Sci. 20:737.

Legault, C. R. and R W. Touchberry. 1962.  Heritability of birth
weight and its relationship with productlon in- dalry cattle.
J. Dalry Sci. 45 1226 :

) , . Lehman, R. P., J. A, Gaines, R. C. Carter, K. P. Bovard and C. M.
: Kincaid., -1961. Selection indexes for ‘weaning tralts in beef
calves. J. Anlm. Sci. 20:53.

Lerner, I. Michael. 1958. The Genetic Basis of Selection. John
Wiley and Sons, Inc. New York. -

aflindholm, H. B.land H. H. Stonaker. 1957. Economic importance of
traits and selection indexes for beef cattle. J. Anim. Sci.
16:988. '

é;,Llnton A, C., 3. S. Brlnks, H., H. Stonaker T. M, Sutherland and
- - L. C, Faulkner. 1968. Factors affectlng weaning weights of
cattle. Proc. West. Sec. Amer. Soc: Anim., Sci. 19:319.

.Livesay, E. A. and U, G. Bee. 1945. A study of the gestation periods
of five breeds of cattle. J. Anim. Sci. 4:13.

Loganathan, S., R. J. Cooper and C. S. Hobbs. 1965. Factors affecting
preweaning performance of Hereford calves. J. Anim:. Sci. 24:840




-175-

Long, J. F., P. Gerlaugh and D. C. Rife. 1948. A genetié study of
gestation in cattle. Genetics 33:618 (Abstr.).

Luekeve, C. E., C. J. Brown and Warren Gifford. 1963. Repeatability
of cow performance traits. J. Anim. Sci. 22:245 (Abstr.).

Magee, W. T., J S. Brinks, R. H. Nelson and G. A. Brénaman. 1961.
Some factors affecting weaning weight and score of beef
calves. Mich. Agr. Exp. Sta. Quart. Bull. 43:556.

,Mahmud A, and E. H. Cobb. 1963. Factors affecting weaning weight,
preweaning gain and conformation scores of beef calves in
Hawaii. J. Anim. Sci. 22:820 (Abstr.).

Marlowé, Thomas J. and J. A. Gaines. 1958, The influence of age,
sex, and season of birth of calf, and age of dam on preweaning
growth rate and'type‘score of beef calves. J. Anim. Sci. 17:706.

Maflowe, Thomas J. 1962. Weights and grades of beef cattle and their
' relation to performance. Va. Agr, Exp. Sta. Bull. 537.

Marlowe, T. J., C. C. Mast and R. R. Schalles.. 1965, Some nongenetic
influences on'calf performances. J..Anim. Sci. 247494, " - .

'ﬁMasbn,,R. W., Ralph Bogart and Hugo Krueger. 1958, Method of adjusting
‘data for differences due to sex. Proc. West. Sec. Am. Soc. Anim.
Prod. 1958:XLI. '

McCleery, N. B, and R. L. Blackwell.. 1954, A study of the effect
of mild inbreeding on weaning welght and grade of range calves
Proc, West. Sec. Am., Soc. Anim, Prod. 5: 223 228

McCormick, W. C., B. L. Southwell and E. J. Warwick. 1956. Factors
affecting peformance in herds of purebred and grade Polled
Hereford cattle. Ga. Agr. Exp. Sta., Bull. N.S. 5.

Meade, J. H.,'Jr.,‘J;_C.ADollahon, J. C. Taylor and C. E. Lindley.
' 1959.- Factors influencing weaning weight of Hereford and Angus
cattle in M1s31531pp1. J. Anim. Sci. 18:1149 (Abstr.).

' Meiske,  J. C., F. D. Enfield and A, L. Harvey. 1964. Effects of cow
" weight and other factors on performance of beef calves. J.
Anim. Sci. 23:1197 (Abstr.). :




-176-

Miguel, Cesar and T. C. Cartwright. 1963. Comparison of heritability
in crossbred and: purebréd cattle. J. Anim. Sci. 22:821 (Abstr.).

Miyard, J. A. and C. A. Kinkel. 1960. Factors influencing weaning
‘weight of beef calves. J. Anim. Scil. 19:1223 (Abstr.).

JyﬁMinyard J. A, and C. A, Dinkel, 1965a. Weaning weight of beef
calves as affected by age and sex of calf and- age of dam.
J. Anim. Sci. 24: 1067

Minyard, J. A, and C. A Dinkel. 1965b. Herltablllty and repeatability
of weaning weight in beef cattle. J. Anim. Sc1. 24 1072.

Moore, D. B ,» H. H, Stonaker and K, Riddle 1961, Factors influencing
comparisons of Hereford bulls for rate of gain. J. Anim. Seci.
20 255.. .

- Nelms, G. E. and Ralph Bogart. 1956. The effect of birth weight,
age of dam and time of birth on suckling galns ‘of beef calves.
J. Anim. Sci. 15:662,

Nelms, G. E. and P.O. Stratton; 1967. Selected practlced and pheno-
typic change in a closed line of beef cattle. J. Anim. Sci. 26: 274

‘Newiman, J. A., G. W. Rahnefeld and H. T. Fedeen. 1973. Selection
intensity and response to selection for yearling weight in beef
cattle. Can. J. Anim. Sci. 53:1.

0'Mary, C. C., T L. Brown and M. E. Ensminger. 1959. Correlation
of cow measurements to-180 day adjusted weaning weights of their
calves., J. Anim. Sci. 18:1471 (Abstr.).

0'Mary, C. C. and Don Ament. 1961. Comparison of two methods of
adjusting weaning weight of calves for- age of dam and sex of calf.
J. Anim., Sci. 20:673 (Abstr.).

Pahnish, 0. F., Ralph Bogart, E B. Stanley, C. B. Roubicek and C. E.
' Shelby., 1958. Adjustment of weaning weights of range calves to -
a standard age of 270 days. Proc. West. Sec. Am. Soc. Anim.
Prod. 1958:XLVII. '

Pahnish, 0. F., E. B; Stanley, Ralph Bogart and C. B. Roubicek. 1961.
Influence of sex and sire on weaning weight of southwestern:
-range calves. J. Anim. Sci. 20:454,




-177-

Pahnish, 0. ¥., R. L., Roberson, R. L. Taylor, J. S. Brinks, R. T. Clark
and C. B. Roubicek. 1963. Genetics of growth traits in range
cattle. J. Anim., Sci. 22:821 (Abstr.). . .

Pahnish, O. F¥., R. L. Roberson, R. L. Taylor, J, S. Brinks, R. T. Clark
and C. B. Roubicek, 1964. Genetic analyses of economic.traits
- measured in range-raised Herefords at preweaning and weaning
ages., J. Anim, Sc1. 23:562.

Pahi, S. N., G. F. Krause and J. F. Lasley. 1973. Genotype X environ-
ment interactions in beef sire evaluation: The importance of "
sire by year interactions for postweaning traits. J. Anim, Sci.
36:622. :

Petty, R. R., Jr. 1966. A biometrical evaluation of growth and
conformation traits and comparison of selection procedures of
young British breed beef cattle.. Masters Thesis. Texas A&M
Univ., College Station, Texas. '

Petty, R. R., Jr. and T. C. Cartwright. 1966. A summary of gemetic
and env1ronmenta1 statistics for growth and conformation traits
of young beef cattle. Tex. Agr. Exp. Sta. Dept. Tech. Rep. No. 5.

Pherigo, D. L., J. V. Whiteman, R. L. Willhamand.D. F. Stephens. 1969.
Association between day of birth and corrected weaning weight
in beef cattle. J. Anim. Sci. 29:1.

Preston, T. R. and M, B, Willis, 1974, Intensive Beef Production.
Pergamon Press, New York.

Rice, F. J., A. M, Kelley and J. F. Lasley. 1954, Length of gestation

in Hereford cows and its relation to performance. J, Anim, Sci°
13:961 (Abstr ).

Rice, V. A., F. N. Andrews,'E J. Warwick and J. E. Legates. 1970.
Breeding and Improvement of Farm Animals. 6th Ed. McGraw-Hill
Book Company, New York, N.Y.

Rife, D. C., Paul Gerlaugh, Lawrence Kunkel, G. W. Brandt and L. H.
Snyder. 1943, Comparative lengths of the gestation periods
of Aberdeen Angus and Hereford cows carrying purebred and cross-
bred calves. J. Anim. Sci. 2:50. '

Rollins, W. - C. and K. A, Wagnon., 1956. A genetic analysis of Weaning
weight in a range beef herd operated under optimum and sub-optlmum
nutritional regimes.- J. Anim., Sci. 15:125.




-178-

Sagebiel, J. A.,, L. L. Langford, W. R. Sibbit, J. E. Comfort, A. J.
Dyer and J. F. Lasley., 1967. Heterosis in preweaning traits
in beef cattle. J. Anim. Sci. 26:888 (Abstr.).

Sawyer, W. A., Ralph Bogart and M. M. Oloufa, 1948. Weaning weight
"~ of calves as related to age of.dam, sex and color, J. Anim, Sci.
7:514 (Abstr.).

Sawyer, W. A., Ralph Bogart, J..D. Wallace, R. J. Raleigh, J. S. Brinks
and R, T, Clark. 1963. Relationship among weights of dam and
progeny performance. Proc. West., Sec. Am, Soc. Anim, Sci. 1963:1IV,

» Schaeffer, L. R. and J. W. Wilton. 1974a. Age bf dam, sex, and environ-
mental interactions affecting preweaning averaged dally gdin of
‘beef cattle. -Can. J. Anim., Sci. 54:183.

.» Schaeffer, L. R, and J. W. Wilton. 1974b. Comparison of the effective=-.
: ness of multiplicative and additive adjustment factors in pre=~

weaning average daily galn of beef cattle, Can. J. Anim. Sci.
54:519. :

~ Sellers, H, I., R, L, Willham and R. C., deBaca. 1970. Effect of

certain factors on weaning weight of beef calves. J. Anim. Sci.
31:5. '

Sewell, H. B., J. E. Comfort, B. N, Day and J. F. Lasley. 1963,
Genetic and environmmental factors influencing the weaning
weight of beef calves. Mo. Agr. Exp. Sta. Res. Bull. 823.

Shelby, C. E., W. R. Harvey, R. T. Clark, J. R. Quesenberry and
R. R. Woodward, 1963. 'Estimates of phenotypic and genetic
parameters in ten years of Miles City R.0.P. steer data,

J. Anim. Sci. 22:346.

Shelby, C. E., R. T. Clark and R. R. Woodward. 1955, The heritability

of some economlc characterlstlcs of beef cattle, J. Anim. Sci.
14:373. '

Shelby, C. E., R. T. Clark, J. R. Quesenberry and R.  R. Woodward. 1957.
Heritability of some economic traits in record of performance
bulls. J. Anim. Sci. 16:1019 (Abstr.).

Smith, G. M. and H. A. Fitzhugh, Jr. 1968. ‘Homogeneity of relation-
ships between damand.progeny weight. J. Anim. Sci. 27:1129
(Abstr.). -




. =179-

Snedecor, G. W. and W. G. Cochran. 1967.  Statistical Methods 6th Ed.
Iowa State UniverS1ty Press, Ames,. Towa,

Stonaker, H. H. 1958. Breeding for beef. Colo. Agr. Exp. Sta. Bull.
501-8.

Swiger, L. A, 196l. Genetic and environmental influences on gain of
beef cattle during various periods of life. J. Anim. Sci. 20:183.

Swiger, L. A., K. E. Gregory, R. M. Koch and V. A. Arthaud. 196la.
Effect of inbreeding on performance traits of beef cattle.
J. Anim. Sci. 20:626.

Swiger, L. A., K. E. Gregory, R. M. Koch and V. A. Arthaud. 1961b.
Effect of length of féeding period on accuracy of selection for
gain and feed consumption. in beef cattle. J. Anim, Sei. 20:802.

Swiger, L. A., R. M Koch, K. E. Gregory, V. A Arthaud, W. W. Rowden
and J. E. Ingalls. 1962 Evaluating preweanlng growth ‘of beef
calves. J. Anim. Sci. 21:781.

Swiger, L. A., K. E. Gregory, R. M. Koch, W. W. Rowden, V. H. Arthaud
and J. E. Ingalls. 1963. Evaluatlng postweaning galn of beef
calves, J., Anim. Sci. 22:514.

SW1ger, L. A., K. E. Gregory, L. V. Sumption, B. C. Breidenstein and
e
“V. A. Arthaud 1965. Selection indexes for efficiency of beef
productlon..J._Anim. Sci. 24:418.

Tanner, J. E., R..R. Frahm, R. L. Willham and J. V. Whiteman. 1970.
Sire x sex interactions and -sex differences in growth and
carcass traits of Angus bulls, steers and helfers. ~J, Anim,
Sci. 31:1058.

Taylor, J. c., R. C. Carter, C. M. Kincaid, B. M. Priode’and J. A.
Gaines. 1960. Estimates of genetic and phenotypic parameters
in beef cattle. 1IV. Repeatability of cow performance, J. Anim.
Sci. 19:700. - :

Thorton, J. W. and J. N. Wiltbank. 1959. Breed and sire differences‘
in gestation 1ength of beef cattle. J. Anim. Sei. 18:1153
(Abstr,). . .

Thorton, J. W., J. A. Gaines and C. M. Klncald 1960, Estimates of
parameters of growth in beef heifers. J. Anim. Sci. 19:1228
(Abstr.). : :




-180-~

Thfift, F. A., D. D. Kratzer, J. D. Kemp, N. W. Bradley and W. P.
Garrigus. 1970. Effect of sire, sex and sire x sex interactions

on beef cattle performance and carcass traits. J. Anim. Sci.
30:182.

Urick, J. J. 1958. Effect of age of cow, sex and age of calf on
" weaning weights of Hereford range calves. - Masters Thesis.
Colo. State Univ. Fort Collins, Colo.

Wagnon, K. A, and W. C. Rollins. 1959. Heritebility-estimates of
postweaning growth to long yearling age of range beef heifers
raised on grass. J. Anim. Sci. 18:918.

Wallace, Bruce., 1968. Topics in Population Genetlcs W. W. Norton
and Company; New York. ,

Warren, E. P F. A, Thrift and J. L. Carmon. 1965, Factors
1nf1uenc1ng weaning weight of Georgia beef calves J. Anim.-
Sci. 24 853 (Abstr ) '

Wheat, J. D. and J. K. Riggs. 1958. Heritability and repeatability
of gestation length in beef cattle. J. Anim. Sci. 17:249,

,Wilson, L. L., C. A. Dinkel and'D, E. Ray. 1962. Genetic. parameters
and selectlon indexes for beef cattle. J. Anim. Sci. 21:977
(Abstr.). o '

/" Wilson, L. L., C. A, Dinkel, D, E. Ray and J. A. Minyard. 1963. Beef
cattle selection 1ndexes 1nvolv1ng conformatlon and weight.

J. Anlm. Sci. 22:1086.

~Wilson, L. L., J. H. Ziegler, C. E. Thompson, J. L. Waﬁklns and H. R.
Purdy. 1967. Sire and sex effects on beef growth and carcass
characteristics., ~J. Anim, Sei. 26 1465 (Abstr.).

Woodward, R. R. and R. T.. Clark. 1950. .The repeatability of perform-
. ance of several Hereford sires as medsured by progeny records,-
J. Anim. Sci. 9:588.




APPENDIX




"APPENDIX TABLE 41.

-182-

"ERROR MEAN SQUARES OF MODEL ITI ANALYSIS OF

VARTANCE OF SEPARATE SEXES2

Analysis

Angus Hereford-III Hereford-IIla
Trait Males Females ' Males- Males Females
No. calves 1101 1012 1379 3934 2065
Birth weight :
Normal -8.92 8.53 10.61
After adjustment 8.92 10.04 10.61
Preweanihg gain N ' . .
Normal .0065 0058 .0082
After adjustment .0065 .0074 .0082
Weaning weight L . ‘
~ Normal 347 321 404 463 367
After adjustment 1347 410 404 463 bbb
After industry _ o
ad justment 313 354 365 418 . 405
Postweaning gain : .
Normal .0149 .0064 .0193
‘Final weight
Normal 970 585 866

a0btained from analyzing each sex separately.
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ERROR MEAN SQUARES OF MODEL ITII AND MODEL IIIa
ANALYSTIS OF VARIANCE OBTAINED FROM SEPARATE
ANALYSIS OF AGE OF DAM SUBCLASSES BEFORE AND AFTER

MULTIPLICATIVE AGE OF DAM ADJUSTMENTS

Agé of'dém‘

2 ___ 3 4 5-10 11
Model III Angus . o
No. calves 314 337 295 952 - 215
Birth weight . . , _
Normal 7.01 8.17 7.96 9.24 8.75
6 years 8.30 9.05 8.15 9.24  8.86
5~10 years 8.10 8.41 7.99 9.24 8.86
Preweaning avg. daily
gain o : _
Normal .0055 .0054 . .0048 .0059 .0075
6 years .0072 .0060 .0051 .0059 .0081
510 years .0070 .0058 .0049  .0059 .0078
Weaning weight . _
Normal 312 260 255 326 379
7 years 392 298 276 326 394
5~10 years 384 292 270 326 386
5-10 years? 412 315 281 326 418
- Model III Hereford
No. calves 171 221 224 702 .61
Birth weigth ,
Normal 9.04 7.19 10.06 12,07 12,87
6 years 11.42 7.92 11.06 12,07 12,87
5~10 years 10.97 7.72 11.06 12,07 11.82
Preweaning avg. daily
gain . .
Normal .0068 .0103 .0087 0077 .0063
6 years .0081 0114 .0095 ..0077 .0068
.0078 .0109 .0092 .0066

5~10 years

. 0077
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APPENDIX TABLE 42. (CONTINUED)
Agerof dam
2 3 4 5-10 - 11 -
. Model I1]1 Hereford
No. .calves 171 ’ 221 224 702 61
Weaning weight .
Normal 323 434 " 418 405 351
7 years 420 506 < 452 405 380
5-10 years 412 506 452 405 380
5-10 years® 427 525 - 461 405 - 387
MpdeleIIa Hereford
No. calves 820 1015 905 2946 . 313
Weaning weight
Normal 422 464 404 428 456
7 years 548 541 437 428 493
5-10 years 539 541 437 - 428 493
5-10 years? 558 561 445 428 503

aIndustry recommended factors.




APPENDIX TABLE 43. LEAST SQUARES

ANAL.YSIS OF VARIANCE FOR INDIVIDUAL SEXES - MODEL III -

#P<,05.

_ _ ANGUS - _
Mean squares .
Birth Preweaning Weaning Postweaning TFinal test
Source ) df -weight gain weight gain - weight
Males - ‘ o ‘ ,
Herd o 3 334,7%% L7762%% . 44953%% 2.171 193147%%
Year/herd . - 23 50,2%% . 1240%% 6582%% 5.454%% 39643%%
Sire/year/herd - 108 17.7%% :0199%* 592%% .029%* 1795%%
. Age of dam. . .9 39.4%% . 0469%% 2893%% .005 2420%%
‘Regression of weaning age : ' S '
"=linear . 1 13.0- .2283%% 143176%% L261%% | 207321%*
Remainder 956 8.9 ~0065. 347 .015 970
Females : o -

- Herd - . 3 2301 .2211 15364 2.400% 6089 3%
- Year/herd : 20 79.1%% . 1095%% 6176%% . 199%% 15307 %%
Sire/year/herd .97 14, 5%% .0082%% 448%% L0L2%% 858%%
Age of dam : L9 33.4%% | 2446%% 1464%% ©.006 1422%
Regression of weaning age , : L '
‘=linear _ ) 1 24.5 L 2440%%  43196%% .033% | 42798%%
‘Remainder , 879 8.5 .0058 : 321 006 585

*#%P<,01.
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APPENDIX TABLE 44. LEAST SQUARES ANALYSIS OF VARIANCE FOR WEANING
_ WEIGHT WITHIN EACH SEX - MODEL IIIa - HEREFORD

Source df Mean square
Males
Herd 8 107550%%
Year/herd 69 11112%%
Sire/vear/herd 356 “8hlk%
Age of dam 9 L 11543%%
Regression of weaning age
-linear o 1 715553%%
Remainder : 3490 463
Females
Herd 7. 56939%*
Year/herd 37 8193%*
Sire/year/herd 180 609%%
Age of dam ‘ ‘ ‘9 5569%%
Regression of weaning age o .
~linear , 1 309529%%
Remainder 1830 367
*%P<,01.

*P<,05.
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Appendix figure 28.

Least square mean preweaning average daily gains for
male and female Angus calves by age of dam.
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Appendix figure 30.

Least squares means for weaning weight for herd by year
in Angus calves.
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Appendix figure 31.

Least square means for weaning weight for herd by year in
Hereford calves.
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