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ABSTRACT

From the files of the Beef Cattle VWeight Gain Performance
Recording Schene of the New Zealand Meat Producers Board and the
New Zealand ool Board, the weaning weights of 7771 Hereford calves
born in 18 herds, and 16566 Angus calves born in 37 herds, from 1964
to 1972, were analysed. Objectives of the study involved estimation
of the effects of aze and sexz of calf, anl age of dam, in order that
nethods of adjustment currently used in the liational Beef Recording

Service for these envirnnmental influvences couvld be evaluated.

Bach calf was classified according to herd, year of birth, age-
of-dam group, and sex, with age at weaning as a covariate. The data
were analysed within treeds by least squares to investigate the main
effects of these five factors ond thz first-order interactions among
herd, year, age-of-dam group, and sex effects. The importance of each
interaction was ezamined by comparing the proportionate reduction in

intra-tiass residual variation after 211 main effects had been fitted,

of the analyses of main effecis indicated that for

each breed, all effects contributed to more than a2 2 pvercent reduction
in intirz-class residual variance, The results of the interaction
analyses showed that only the herd x vear interaction Tor Eereford
calves, and the herd x year and herd x sex interzctions for Angus calves,
contributed to at least a 2 perceat reduction in residual variance after

all main effects had been fitted,

Withir-subclass linear regression coefficients of waisght con age

at weaning for Hereford and Angus calves, were 0.70 £ 0.C1 and

\

0.62 + 0,01 kg/aay, respectively. Least-squares estimates for sex
indicated that the weaning weights of Eereford and Angus males were
heavier than those of females by 29.8 and 25.6 kg, respectively.
Estimates for age of dam indicated that the weights of EKereford calves
out of dams of 2, 3, 4, 5 and, 10 years of age and older, deviated from
the weights of Hereford calves out of mature dams (6 to 9 years-old) by
33.3, 17.6, 8.7, 3.8 and 2.2 kg, respectively. The corrasvording
deviations for Angus calves were 22.7, 1.2, 7.9, 5.4 and 1.4 kg.
Estimates for age-of-dam effects were also obtained by best linear
unbiased estimation proceduvres from the records of 7698 Hereford calves
out of 2901 dams, and 14198 Angus calves out of 5086 dams. Ditfercnces

in the estimates of deviations of non-mature fror mature dam age groups
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derived by least sguares and by best linear unbiased estimation, were in

general releatively small.

In relation to the procedure currently used in the National Beef
Recording Service, alternative adjustment procedures derived for age
at weaning involved additive and multiplicative applications of linear
regression of weight on age for each breed. The currcnt procedure, for
both breeds, was the least effective in reducing the dependence of
adjusted weight on age, whilst the procedure additively applying linear
regression of weight on age was the least effective in reducing intra-

class residual variance,

Adjustments determined for age-~of-dam effects by least squares and
by best linear uvnbiased estimation, were ccnsidered to differ only
slightly from current industry adjustment factors, with the exception
of factors applicable to Angus calves out ¢f J-year-old dams. Examination
of the variences within age-of-dam groups, and of the reductions in
residual variances within herd-year-sex subclasses, indicated the
applicability of additive, rather than multiplicative, adjustiment

factors for each breed.

Comparisons of zdditive and multiplicative adjustment factors for
sex effects were variea, HMultiplicative adjustments were more
appropriate in equalizing variances within sex groups, whilst additive
adjustments were more appropriate in reducing residual variances within

herd-year subclasses.
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CHAPTER 1

INTRODUCTION

m

The accurate evaluaticn of productive differences between animals

is fundamental to the geretic improvement of economically important

characters. Differences in performance are due to two major causes -

genetic and environmental - the latter being defined as all that

veriation in the character which is non-genetic in origin. The
ontribution of environmental variaticn to total veriation is importent

because it is not tiransmitted from parent to offspring and its effect

is to cobscure that pert of the variation due to gernotype. As a resvli

of this maskirng action, efforts are often made to lessen the envircnmental

variztion in order to reduce discrepancies between an indivicdual's

vhenotype and its estimated breeding worth, and hence to increase the

eccuracy of selection. Such "control" of the environment can be achieved

either physicelly or statistically.

Physical control is en =2ttexrpt to greatly reduce environmental

variation by recording the performance of 11 animals under physically

4]

tandardized feeding and maenzgement conditions. Aside from teing

0]

ccnonically prohibitive under New Zesland's pastoral conditions, this

W)

pproach suffers frcn the 2ifficvlty thet must te experienced in

3

aintairing a constent sst of environmental conditicns.

Statistical contrel of environmentzl influences involves the
estimation of the magnitude of such effects on the recorded trait in
question, and adjustment of the records through the use of factors
derived from suvch estimates, The use of adjustment factors aims at
a more objective assessment of what each animal would have achieved
under stendard environmental conditions. Consequently, a larger
proportion of the variance in adjusted records of performance should
be genetic then was true of the variance in the original unadjusted

observations,

By controlling envirormental effects known to influence performance,
a breeder can rank individual animals more accurately on their estimated
genetic worth for specified traits. The environmental-control approach
most generally favoured in the past, both overseas and in New Zealand,

has been statistical rather than physical, although it may not



necessarily be the more effective. Some workers have stressed the
need for czution in the use of statistical adjustment factors. For
instance, Koger, Reynolds, Feade, Xirk, Peacock anrnd Kidder (1962)
concluded from studies of the records of 4729 beef calves that the
indiscriminate use of adjustment factors, particularly for age of dam,
nay introcduce more serious errors then working with unadjusted data.
Statistical adjustment factors, as products of the data at hand, can
at best only be as accurate as the biometrical procedures used in

their derivaticen.

Historically, perfecrmance recording programnes for beef cattle
avoided statistical agjustrment of records for knovn environmental
effects by comparing enimels within specified groups. For example,
in reviewing performance recording in beef cattle, I.L. liason (1951)
noted that the first proposal to record the performance of beef steers
in the United States {Sheets, 1932) specified that compariscns sheuld
be made between animals torn within a pericd of 6C days, presumably to
reduce the influence of =2ge on rate of growth. With increasing
sophisticztion of both recording prccedures and the processing of
recorded data, and the expansion of the number of znimals recorded
on performance, greater reliance has been pleced on statistical control
of some of the important environmental influences, rather than total
control by comparisons within sub-groups according to each environmental
effect.

The irportance of statistical control through the application of
sdjustment fectors eppears at two levels: first, 2t the individual
level where for objective ranking of individuals their production
records rust be compared on & ccmron or standardized basis, for instance
by ad justing for differences in performance due to the influence of age.
Secondly, the importance of acdjustment factors arises at the population
level, where a major component affecting the rate of genetic gain in
the population is the accuracy with which breeding value is predicted,
especially in the case of sire evaluation. One of the factors
determining this prediction accuracy is the magnitude of the
heritability of the character in question. tatistical adjustment
factors are applied to reduce the contribution of environmental variance
to total phenotypic variation relative to that of genetic variation,
with consequent increases in the accuracy of, and rate of response to,

celection within the population.



The statistical adjustment procedures for environmental effects
on recorded weights in beef cattle (such as those for age and age of
dam) that are currently in use in New Zealand, originated from the
teef cattle performance recording recozmendations of the United States
Reef Caitle Records Committec Repor:i (1065). Tha enplicability of
these standardized American-based adjustment factors to lew Zealand

conditions is a questiocn worthy of consideration.

The objectives of the precsent study were first to estimate the
effects of age ard sex of calf and age of dam on the weaning weights
of performence recorded Hereford and Angus cattle in New Zealand,
and secondly to evaluatie currert and possible alternative methods

of edjustment of weight records for these environmental effects.



CHAPTER 2

REVIEW C¥ LITERATUR

5]

I. TEE TNPORTANCE CF VEANIKG WEIGHT AS A CRITERICN
CF SELECTION IN EEEF CATTLE

3

Postnatzl development of the calf primarily depends on two factors:
the genetic poterntial of the calf to grow which is contributed by toth
sire and dam, and the productive maternal factors of the dam such as
her mothering and milk-producing abilities. In the initiel stages of
development the calf is dependent uvpon its dam's ebility to support it.
At subsegquent periods this reliarnce decreases in intensity as the calf’s
atility to uvtilize grass develops to the point at which dem and off-
spring are in competiticn for feed. In terms cf managerent an initial
close dzm-offspring relationship is desirable, but as this affinity
diminishes intc an increesingly competitive association a decision
is required tc separate dam and offspring, enabling the latter a
grezter cppertunity to express its inherent growth potential. The
time at which weaning occurs may vary with seasonal conditicns and
management levels, however in most Kew Zealand performance recording
beef breeding enterprises, calves are weaned at an approximate everage
age of 200 days. The weight of the calf at weaning is frequertly the
first positive indication the breeder has of the probable productive
ability of his surviving calf crop. Weaning weight, therefcre, is a
trait that often assumes considerable significance in selection

programmes.

The value of weaning weight as & criterion of selecticn in beef
cattle depends on its heritability and on its degree of genetic
correlation with characters that are of direct economic value in
beef cattle. BEstimates of the heritsbility of weaning weight in
beef cattle presented by Warwick (1958), Gregory (1961), Petty and
Cartwright (1966), Rice, Andrews, Warwick and Legates (1967), Gregory
(1969), Preston and Willis (1970) and Lasley (1972), range from
0.25 to 0.,30. Some of the published estimates of the heritability
of weaning weight presented in Table 2.1, vary from 0.08 to 0,81 with

a raw mean of 0,27 and a modal value of 0.25.

Many of the variations in the heritability estimates, excluding



TABLE 2.1: Publiched estimates of the heritability

of weaninm weisght in beef cattle

(Age at weaning ranges from 180 days
to 240 days)

Location Niizizdgf Precd# Eez;z?Z;izty Authors
New liexico 499 E 0.08 Blackwell et 21. (1962)
Missouri 1066 H 0.c8 Sewell et 21, (1963)
irizona 720 H 0.10 Pahnish et al. (1964)
lMontana 4234 q 0.11 Xoch and Clark (1955b)
Arizona 414 1§ 0.11 Lasley et a1, (1961)
Nebrasia 1769 H C.15 Koch et al. (1973}
Kissouri 1066 H 0.18 Sewell et al., (i1963)
Tensas 26 S 0.23 Gottlieb ef al, (1962)
Hawaii 1%06 H 0.24 Mohmud and Cobb (1963)
Kontana B 0.25 Koch and Clark (1955b)
New Zealand A 0.25 Carter (1971)
ebraska 1963 B 0.25 Koch et al. (1973)
Kebraska 1671 A,H,S 0.28 Swiger et 21. (1963)
Michigan 326 H 0.30 Magee et 21. (1961)
Kansas 265 S 0.30 Cottlieb et al. (1962)
New Mexico 420 E 0.31 Blackwell et al, (1962)
South Dakota 436 A 0.32 Finyard and Dinkel (1965b)
South Dekota 1915 H 0.33 Minyard and Dinkel (1965b)
Georgia 180 H 0.34 Chapmen et al. (1972)
Nontana 3584 H 0.453 Fitzhugh end Taylor (1971)
Kensas 1861 A 0.47 Eerern et al. (1963)
North Carolina 1692 H 0.50 Vesely and Robison (1971)
Hawaii 2550 AE 0.81 Francoise et al. (1973)

*¥ H = Hereford; S = Shorthorn; A = Angus. - e



cases where sexes were analysed separately, are presumably due to
sampling error or real environmental differences. Tallis (1960) has
shown that heritebility estimates ray bte biased downward cdue to
controllable errors. Such errors could include those arising from

enalysing weights unedjusted for differerces dve to age at wveaning

and age cf dam, or perhaps from weighing catile with variable zmounts
£ gur fill. Weaning weight appears to have a medium level of

heritzbility and is consegquently asscciated with a2 similar level

of direct importance in terms of selecticn rressure for this character.

A further consideration in evaluating the importance of weaning
weight for herd improvement is its reliesbility in predicting economically
ipportant traits after weeaning. In view of the importance of post-
weaning growth performance in selection prograrmes in New Zealand beef
herds ( 2ae and Bartcn, 1970), it is of interest 1o consider the genetic
relationships between weaning weight and weights or geins postweaning.

+

Despite the variability in the estimates of the relationszhips presented

in %able 2.2, there are indications of positive genetic correlaticns

betveen weaning weight and subseguent weights and pgains. Eowever, there

[ R

. -~ o / = 0
s scme evidence of a genetic (Christian, Hauser and Chaprman, 1965;
Fangus end Brinks, 1971) eznd an environmental (B rion, 1970) antagonisn
between high weening performences cf heifers and their subsequent

productivity as cows, ezpressed in terms of weight of calf weaned.

Evaluvation the importance of weaning weight as a selection
criterion, should zliso iake acccunt of the accuracy with which the
lifetime productivity of the cow can be predicted by the weaning weight
of her calf. It is irportant to distinguish betweer the principle of
repeatability of weeaning weight and, for instance, that of milk ‘
production. The weaning weight of an indiwvidval occurs once in its
lifetime and is repeatable only when regarded as a characteristic of the
dam. On the other hand, in traits such as milk production, repeatability
refers to the expression of the same trait at different times in the 1life
of the same individuval. From some of the published estimates of the
repeatability of weaning weight present in Table 2.3, cows tend lo
repeat their performarce of weight of calf weaned from year to year,
with from 32 to 43 percent of the variation in weights being accounted
for by differences between cows in most herds. Repeatability estimates
of this magnitude bhave led many authors to conclude that cows weaning

calves distinctly below the herd average weaning wecight (and where
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TABLE 2.2: Published genetic and phenotvpic correlations

of wezning weight wi

it nostweening

veishts and

gains in beef cattle

CaEnEE e Correlation s
trait Genetic Prerotypic
Weights:
Yearling weight 0.16 C.65 Blackuell et g1.(1962)
0,68 Carter (1971)
0.61 0.48 Francoise et al. (1973
0.76 Scarth et al, (1973)
16-month weight 0.78-0,81 Williems end Murphy (1958)
18-ponth weight ¢, 70-0.79 0.72 Koch et al. (1973)
21-ronth weight 0.50-0.60  Brumby et zl. (19063)
Slaughter weight 0.55 Christien et 21, (1965)
0.84 WYardrop (1968)
Gains:
Weaning to yearling 0.29 Christian al., (1965)
0.12 -0,07 Francoise et al. (1973)
Postweaning gains 0.26 0.20 Zoch et al. (1973)
Weaning to slaughter 0.38 Christian et al., (1965)




of wearing weight in beef catile

- . Repeatability
Number cf

records Breecd* 1ntra-cl§ss Re;reusion of ERGrS
correlation adjacent records
( A 0.19 Sellers et al, (1970)
19207  ( - .
( 34 0.26 Sellers et al., (1970)
47722 A 0.25 Hohenbolken arnd Brinks
(1969)

1151 - L2 0.34 Ecover et al. (1956)

1066 g o2 Sewell et al. {(1963)
607 A 0.29 Kilkerny (1968)
€93 E 0.42 Killlenny (1968)

2351 L,H 0,42 Minyard end Dinkel (196
603 21 0.453 0.49 Botldn and Whatlev (1¢5
226 AH .50 liagee et al. (1961)

745 q 0.52 ¥och (1951)
738 = 0.55 0.47 Fovira (1988)




accident or illness is knowa nct to have influenced calf weights) can
be culled with little chance of culling a cow that wouvld subsequently

wean heavier calves,

The weight of 2 calf at weaning is an important, if complexz,

trait., It reflects not only the caliis genetic polential for growth
ard its materrnal environment, but also other non-geretic influences
such as age at weaning, sex, age of dam, nherd of origin arnd year of
birth., After weaning these factors m2y change in their relative
importance, but some at least will remain influential. For weaning
veight to be a useful selection criterion in beef cattle improvement,
particularly for the early screening of calves tefore their first
winter in situetions where yearling matings are practiced, it follows
that major knovwn environmental influences affecting this trait should
be accounted for in order that the accuracy of selection mey be

increzsed,

JESER SCHE FACTORS ATFECTIEG WEANING WVEIGHT 1IN BESE CATTLE

Cnce the decizion hag been made to separate calves from dams it
is convenient for the breesder to wean 2ll calves in one operation.
Sirce dates of birth will have differed within the hexd, lhe ages of
calves atv weaning will vary., A positive relationship between weaning

S
veight and the age &t which weaning occurs shouvld be zpparent. Bowever,

o

the rature of this relationship and the relative contribution of age at

weaning to the total variation in weaning weight, may not be so evident.

Most studies have shown that the growth of beef calves tends to
be linear in the period of 5 tc 8 months of age, the tice at whick
veaning generally occurs, Johnson and Dinkel (1951) found that the
rate of growth of 297 Hereford calves vas essentially linear from
birth to 155 days of age and thereafter increased at a decreasing rate.
These authors described the growth of the czlves studied as being composed
of two straight lines with a reduction in slope at 155 days of age.
Botkin and Whatley (1953) observed the growth pattern of 745 Hereford
calves to be linear over a range in ages of 120 to 260 days, although
they cautioned that this pattern may not be typical under environmental
conditions less favourable than those experienced. J.B. Burgess,

Lendblom and Stenaker (1954), and Pahnish (1958) found the rate of



10.

growth of suckled celves to be approximately linear, The latter

study showed that within sexes, calves had linear growth rates between
the ages of 121 ard 323 days. Swiger, Koch, Gregory, Arthaud, Rowden
and Ingalls (1062) reported that the liveweight gains of 2739 beef

1

s ¢f ege, tvt curvilinear freom 130

1964) observed, in 1280 mixzed-breed

celves in Jamzica, marked effects of adverse nutritional conditions on

w

-
Ca

fu
et

celves were linezr up t

(@]

510
(

to 220 days of age. Creeck

preweaning growth patterns such that growth tended to be curvilinear.
It was implied that with improving standards of preweanirg management,
thke likelihcoed of a lirear growth curve being maintained to weaning
would be enhanced. Harlcowe, lMast and Schalles (1965) believed that
seazsonzl and age effects were confounded in the study of Swiger et al.
(1962), end they maintained that after removal of seasonal influences,
growih of the calves was generally linear from 120 days 1o weaning.
ox 974), with 4853 beef calves in

¥ew Zeeland, feailed to establish any departure from linearity in the

t on zge &t veaning over several years.

.

putlion of age at weaning to the total variation
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enerally been regarded to ve of importarce.
Lawson arnd Feiters (1964) noted the significance (P <0.01) of age on
veaning veight in 219 Highlander and Hereford cattle and their
reciprocel crosses, The influence of age cn the variability of weight
at weaning was half of that zccounted for by age of dam, but approxi-
mately three times that due to sex of calf. arter (1971) observed age
differences amounting to between 15 and 30 percent of the variation in
liveweights at wearning in an investigation of selection on performance
in beef cattle in New Zealand. Vesely and Robison (1971) noted the
importance of age at weaning in 1692 Hereford weaning records, although
sex of calf was found to be a more important source of variation in
weaning weight based on the proportions of total sum of squares.
Bovard and Weinland (1973) found that within six-breed-mating system
subclasses for 1646 Angus, Herefoxrd and Shorthorn calves, age at weaning
was the largest determinant of variation in weaning weight. In
partitioning the total sum of squares among several factors affecting
the weaning weights of beef calves, Baker et al. (1974) concluded that
the most important single source of variation was that due to regression
on age.

It is apparent that the positive relationship between weaning weight

and the age at which weaning occurs is of considerable importance, and
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that weanirg age has a marked influence on the total variation in
liveweight at weaning. On the other hend, the nature of this weight-
age relationship is not as clearly defined. A linear association
botween weight end ege up to weaning has been the generally accepted

£ this relationship in meny studies, elthough there are some
indicaticons of significent curvilineer growth patterns to weaning
(e.g. Werren, Thrift and Carmon, 1965; Sullivan, i967)., there linear
growih curves to weaning have been defined, the studies concerned have
often been performed under develeped pastoral arnd znimal menagement
systems. Indications of adeparture from linearity in the preweening
growth of beef calves may then be attritutable to environmental

cenditions, such as the gualitative and gquantivative aspects of herbage

i

evailable under sickled cow-calf enterprises. Vith prcgressive stages
of develeopzent after birth and with a decline in the nutritional vealue
of availatle pasture, en earlier linear weighi-age relaticncship may

transferm into an increasinzly curvilinear cne. At the time of weaning
h increazed reliarce on, tut as
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yet an inefficient utilization ci the available herbzge, while late-

born calves may bte 2t a disadvantage in this regerd. If envircnmental
onditions are severe, it is likely that the sprezd of caliving dates

is wider than under rore fevourable conditions., Ccusequently any curvi-

linear association between weight ard age at weaning will be irntensified

becaucse of the grester numbers of calves in the extreme age groups.

Conversely, under environmental conditions favcurable to developed

pastcral and enimal management systems, prclonged production of feed

of nutritional vaive and concentrated calving periods whicn reduce the

number of calves in the extreme age groups, lowers the likely rate of

decline in the growth of calves as weaning approaches.

B. Sex of Calf

The magnitude of sex differences for weight at weaning in the
extensive literature has varied from herd to herd, but in all cases
the weaning weights of males have exceeded those for females iwhen

ages at weaning have been at least 180 days (Table 2.4).

Evans, Craig, Cmarik and Webb (1955) observed that the weaning
weights of bulls averaged 6.1 percent above that of heifers in a purebred
Hereford herd, whilst in a grade herd of the same breed, steers averaged
4,1 percent heavier than heifers. In a study of 4729 beef calves,

Koger et_al. (1962) reported a difference in weaning weights of from
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TABLE 2.4: Publiched estimates of the superiority of

rales over femeles in the weaning weights

of peer calves

Location Breed* Weaning Superiority cver Authors
age(days) fereles (k=)
Bull Steer

Fontana H 180 7 Brinks et al. (1S61)
Kichigan AVH 180 Kagee et al. (1961)
Louisiana v 180 20 Vernon et al, {1964)
Alzbaza 4,0 180 23 FeGuire (1969)

Colorada 2§ 200 10 Herwin et =1. (1966)
Kebraska E 20 15 Koch et al, (1973)
United Kingdonm 3 200 40 Taylor (1967)
United Xingdom A 200 42 5  Thomson (1963)
Korth Carclins H 205 18 9 Vesely and Robison

(1971)

Pennsylvania BWE 205 12 Bair et 21. (1972)
Cklahoma 4K 205 25 5 Cundiff et 21, (1066a)
Arizona H 210 12 Lacsley et 21, (1961)
Jemaica v 210 12 Creek znd Nestel (1964)
South Africa v 210 12 Bosman and Harwin (1966)
Virginia 4,H,S 210 21 14 Marlowe and Gaines (1958)
Hawaii H 240 13 lahmud and Cobb (1963)

* H = Hereford; A = Angusy V = Various breeds; AX = Angus~ or Hereford-
sired calves out of Angus~Holstein dams; S = Shorthorn.
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9 to 18 kg in favour of steers over heifers, Minyard and Dinkel (1965a)
otserved that tulls averaged 15 kg heavier than heifers when weaning
weights were adjusted 1o a standard age of 203 days.

L3

e influence of sex of calf on liveweight at weaning is clearly

i R e e S et ey A L, R e ~ - ~ +he
crtence, as indicated by the volume of literzture reporting the

significance of this factor (Meville, 1962; Seebeck and Campion, 1964;
Alexander and Beattie, 1968; Chap Clytuvrn and McCormick, 1972;
Barlow, Dettman and Williams, 1974; CSeifert., Rudder and Leapworth,
1974; among others). The dissenting reporis include observations by
Gregory, Blunn ané EBzler (1950), who found at two stetions in Febraska
that the difference between the average weaning weights of the two

sexes was not significant, This was attributed to the fact that large
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4 gainc had occurred at both stations. Nelms

and Bogart (i956) concidered thnt any difference in the suckling gains

of 103 Hereford and Angus calves duve to sex:, was largely attributabl
n ik

& =

to sez differences in birihweight only. These suthors concluded at
n

in sex being an uninmroriant influence on rate of growth to weaning.

On the other hend Mariin, Jacobson, FcGilliaxd and Fomeyer (1662) reported

that although the variation due to sex c¢n weight gains was reduced when

adjustuzents were nade on birthwveight, sex still remained an imrortant

inflvencing factor on the growth of 659 deiry cettile of various breeds

to 12 months ¢f age. This was later substantiated by Bosman cnd Harwin

(1966), vho cencluded that zdjustments for differences in birthweight

due to sex did not anpear to te of sufficient mzgnitude to nullify sex

differences in the rates of growth from birth to weaning (210 days of

age) of 11€9 beef czlves, The influence of sex cn preveaning liveweight

gains is dependent in part on differences in birthweight cdue to sex,

Hoviever it is unlikely that sex differences in birthweight can completiely

account for differences between the sexes in rate of growth from birth to

weaning,

Brown (1960) aralysed the weights of one herd of 287 Hereford
calves and two herds of 334 and 271 Angus calves at 180 and 240 days
of age, Differences between the sexes accounted for 4.5 to 8.0 percent,
and 5.5 to 21.7 percent of the variation in weights at the two respective
ages. With 13937 Hereford and Angus calves in Oklahoma, Cundiff, Willhanm
and Pratt (1966a) reported sex to be the most important factor influencing

liveweights, accounting for 17 percent of the total variation in weight
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adjusted to 205 days of age. From the weaning records of 892 Shorthorn
calves, Fahmy and Lalande (1973) Tound males to te significantly

(P<0.01) heavier than females, although this differcrnce was the least
importent source of variaticn on weaning weight at 210 days, accounting

ercent of

P
luence of sex nay te cxaggerated in terms
of the differences in superiority of bulls over steers ond heifers, and
that of steers over heifers. For instance the bull-stecr and vull-heifer
differences in weaning weigh*s in the sutdy of Cundiff et g1. (166%a),

were considerced by them to be larger than thoce reported for czlves

wveaned at 205 ic 21C deys cof age, vwhilst the steer-heifer difference was
N rd - e N~ k)
smaller than most cther reporis (see Tzable 2.4). undiff et al.

)

ostulated that these discrepvancies arcse from the effects of castraiing
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, that is, from &« tendency of beef

castration from the effect that selection for size may have
had in deciding which bulls to retain ana which to castrate, has alsoc been
. . . = . . =y
encountered in earlier siudies \(kech, 1651: Xech and Clark, 195%a;

- P s . o e 5
llarlow et &l., 1865)., This confounding results in an upward bias in the
l-heifer differences, arnd a downward bias in the steer-

bull-steer and bul
heifer differences. Exzaggerated bull-heifer differences in weaning veights
may also be indicative of differential prewesning mansgement policies,

viiere beef profucers azre primsrily engaged in the sale of breeding bulls.

3

(1) Interactions involvins sex of czlf, There is some suggestion that

environmentzl factores can affect the preveaning rerformence of the sexes
differentielly. HMost studies have used leact squares procecures to
estimate the effects of various ervironmental factors on weaning weight.
The models used can become complex vnless interactions between the main
effects are omitted. If not explicitly stated, the omissicn of these
interactions at least implies the assumption that they are unimportant,
if not absent. Where sexes are not analysed separately then such models
fail to determine whether males and females react differently to the
various environmental factors studied., Therefore the estimation of the
effects due to sex, and subsequent computation of sex adjustment factors
for weaning weight, assumes similarity in the genetic potential for

calves of the two cezes to respond to different environments,

Of the genotype-environnent interactions originally classified
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by Dunlop (1962), the "microenvironmental-~intrapopulation" classification
is applicable to studies of weaning weight data accerding to Creek and
stel (1964). The latter authors regard this class of interaction to
include that between sex of c2lf and age of dam, an interaction which
has teen considered importent in sozme studies (Rcliins zns. Guilbert.
1954; Pahnich, Stanley, Bogart and Roubicek, 1961; V.E. lason,
Beilharz and Carraill, 1970: 3Baker et zal., 1974), but not in others
(Lehmenn. Legates, Robison, Gregory and Dillard, 1962; Cunningham
and Henderson, 1965a; Bailey, Xoh, Funter and Torell, 1972; Bair
Wilson and Ziegler, 1 972), Creek and lestel (1964) znd Harwin, Brinks
and Stonaker (1566) interpreted a greater response in the weaning weights
of male calves to different ages of dam, as being an indication of the
superior capability of the male genotype in realizing its potential in
the presence of & favourable nutritional environment provided by the dam.
Similer interpretations have been reported by Marlowe et ai. (10565),
Cundiff et al. (1966a) and Schaeffer and Wilton (1974a) for interactions
between sex of calf and i;pe of management (creep and n0ﬂ—c“eep) to
veaning, Schaeffer and Wilton ( 974 ) also observed that sexz of calf
interacted with level of herd performance with 25571 Angus and 62058
Hereford calves in Canada, Differerces between the mean preweaning average
daily gains of bulls and heifers were greater in herds of high perforzance

levels then in herds of low performance levels,

Important sex = herd or sex x year, or both sex x herd and sex x year
interactions have been reported by Pahnish (1958), Cooper, Sutherland,
rattengale and illiams (1965) and Barlow et al. (1974), and have led
to the conclusion that the use of a mean sex difference in weaning weights
as a sex adjustment factor in various herds, or over a period of years in
the seme herd, eprezrs to be inadequate., However, the effects of one or
both of these interactions relative to those of the main factors studied
in the analysis, have often been regarded as unimportant (Swiger, 19€1;
Hohenboken and Brinks, 1969; Cardellino and Frahm, 1971).

The importance of interactions for weaning weight involving sex of
calf varies largely from one instance to another. As Pani and Lasley
(1972) note, such interactions do not appear to be important sources of

variation,

C. Age of Dam

Although age-of-dam information is usually readily available at
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calving, age per se is not the factor being adjusted for. Age of dam
merely provides an easily recognizable, albeit closely related
parameter of those aspects of maturity such as development of the

mznary gland, milk yield, and maternal ability.

Alternetives io age as an indicator of the degree of maturity of
nilk production in dairy cattle, have included calving sequence or
lactation number, age within lactaticn nunmber, or some combination of
body weight or body size and lactation number (wickhem, 1972)., As far
as beef cattle are concerned, age at calving appears to be acceptable
as an indicator of the degree of maturity of maternal and milk-producing

abilities.

Nueercus investigations have drawm attention tc the importance of
age—-of-den influences on the weight of calf at weaning. Such studies
have shown that the mazimum production in teras of calf weaning weight
appears to be attained when the dams are apnroximately 6 to § or more
years of age (Table 2 .5). The magnitude of age-of-dan differences may
depend to a large extent on management and other environmentzl conditions,
although the possibility of genetic differences in the rate of maturity
in cows cemnot be dicregarded {Fitzhugh and Taylor, 1971; Freeman, 1973).
Cundiff et al. {1966a) observed that the weaning weights of 13937 Hereford
and Angus calves increased by 22 kg as age of den increased from 2 to 4
years., The megnitude of this increase led these authors to recommend that
cows between 2 and 4 years of age should be classified into 3- to 5-month
increments in order to more accurately adjust calf weaning weights.
Cundiff et al. further noted that in the HMidwest end other high rainfell
areas of the United States, there was not the pronounced éecline in celf
veaning weights from cows over 8 to Q years of age (Botkin and Whatley
1953: Marlowe and Gesines, 1958;: Swiger 1C€1; ¥Xoger et zl., 1962;
Marlowe et al,, 1965; Hohenboken and Brinks, 1969: Sellers, Willham
and DeBaca, 1970) as observed in more arid regions (Khapp, Baker,
Quesenberry and Clark, 1942; J.B. Burgess et al,, 1954; Koch and Clark,
1955a; Minyard end Dinkel, 1965a; Sullivan, 1967; Bair et al., 1972).

The continued high level of performance of older cows in favourable

environmental situations may be due in part to the enhanced opportunity
for more intense selection, where most of the poorer-producing cows may

have been culled before reaching older ages (T.D. Burgess and Bowman,
1965).

The influence that age-of-dam effects have on calf liveweights at



TABLE 2.5:

Publighed estimates of the effeoct of age of dam on the weaning

a

weights of bhesf calves™
) Weaning Overall Brecd Ape of dam (years) Lo —.
Location age (days) mean (kg) of dam 3 4 5 6 7 8 9 10 11 12 13
Jamaica 210 166 ' Mot B A4 3 4 & 3 4§ 3 Creck ~nd Nestel (1964)
Canada 210 183 S 24 -15 -1 -1 6 10 15 1 4 6 Fahmy and Lalande (1973)
Montana 180 186 H <21 =16 =13 -5 7 14 16 10 12 6 -11 1 Sewell et al. (1963)
United Kingdom 200 186 A -14 14 -3 3 4 6 14 14 14 14 14 14 Thonmson (1968)
South Dakota 190 189 H,A =25 -9 =2 2 10 10 12 8 5 1 =6 -7 Minyard and Dinkel (1965a)
Oklahoma 205 189 H,A O 3 6 7 8 8 7 T 5 6 Cundiff et al. (1966a)°
Oklahoma 205 191 H.A =24 <=2 12 14 14 14 14 14 Cardellino and Frahm(1971)
Ohio 230 196 H -26 -8 -6 16 16 16 20 20 20 20 20 12 Swiger (1961)
United Kingdom 200 212 H -15-15 -5 2 4 8 6 6 6 6 6 6 Taylor (1967)
Pennsylvania 205 213 AX -6 -3 - 5 9 7 4 8 -8-16 Bair ot al. (1972)
Queensland 200 235 BX -21 ~14 2 6 6 6 10 10 10 16 16 16 Seifert et al. (1974)

Values show differences from the overall mean to

E V = Various;

S = Shorthorn;

See text (p.16).

H = Hereford;

A =

the nearest kilogranm.

Angus;

AX = Angus x Holstein;

BX = Brahman crossbreda,

=1
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weaning has been reported for instance, by Lasley, Day and Confort
(1961), Eftekhari~Shahroudi (1972), PFrancoise, Vogt and Hclan (1973)

and Barlow et al. (1974). Lawson and Peters (1964) noted that the
effect of dam age on the variability of weaning weight was twice that
accounted feor by calf breed, age, or year cf birth, and atout seven
times that due to calf sex. Under Few Zealand conditions, Baker et al.
(1974) indicated that age of dam was the second rmost important factior
inflvencing the weaning weights of bteef calves, tased on the proportionate
contribution to total sum of squares. In contrast to the above, Leville
(1662) reporied that age of dam was not an important source of variation
in calf weighis up toc weaning. In this study however, differences due
to age of dam were ediusted for variztions in liveweight erndé in nilk

reduciicn © , Robison, Ahlschwede and Legates (1971)

hs)

onfirmed the resulis of MNeville (1962), finding that on a within herd-

(0]

year-sex basig, age of dam did not ceniridbute to the variation in
veaning weight beyound its influence through such correlated variables

as danm liveweight and milk yield, and calf birthweight in 193 Hercford

cows,
(1) Mill: production ard rmeternal) obility in relztion to age of dam.
From the existence of a positive relationship between zge and rilk yield

a

in dairy cettle, it mzy seem that a similar ascociation should exist in
peef cattle, Such evidence that is available would suggest this (e.g.,
Neville, Warren amd Griffey, 1974), bearing in mind the technical
liritations associated with the collection cf milk yield data {rom beef

covs (Barton, 1970).

Gifford (1953) considered that maximum milk production in 28 Hereford
covs was reached at 6 years of age, Drewry, Brown and Honea (1959)
found with 48 Lngus cows znd calves that calf suckling gzins vere rore
rapid if their dams were older or scored as being more protective, in
both cases independent of milk produvction. Heyns (1960), Melton, Rigss,
Helson and Cartwright (1967), erd Jeffery, Berg and Hardin (1971&, b)
all reported that older cows produce more milk, a relationship to which
some investigators have attributed a lower lactational persistency in
younger Cows (e.g., Todd, Fitzhugh and Riggs, 1969), while others have
noted the converse (e.g., Christian et al., 1965) despite total milk

production favouring older cows.

The dam's milk production has an important influence on her calf's

weight at weaning, in fact Barton (1970) considered this influence to
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be ithe most important determining factor than any other single effect
irvestigated. Reported phenotypic correlations between dam's milk
prcduction and liveweight of the calf at weaning have generally fallen
vithin the range of 0.40 to 0.80 (Table 2.6), depending on the age of

Y
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lected bty the dem's month of lactation), or on tle
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t.c calf

fol

Fh

duration of measurement. In studying fectors influencing rate of gain
during the suvckling period in 58 Chorthorn and 180 Zereford calves,
¥napo and Black (1941) found that milk consumption accounted for
approximately 28 percent of the variation in rzte of gain. MNeville
(1962) reported that 66 percent of the veriaticn in the 240-day weights
of 135 Hereford calves was due to differences in milk ccnsumption. In
Yew Zezland, Brumby, Waller and CGallagher (1962) observed a positive
relationship betireen calf liveweight gein and milk consumption, although
1is relationship declined in importance after the calves had rcached
140 to 160 days of ege. In the fellowing year, these auvthors rerorted
50 percent of the variction in weaning weignt was attributeble

t e
to differences in nill comsumption (Brumby et el., 1063).

Although the relative mzgnitudes of the degree of relationship between

~

an's milk productiocn and liveweight at weaning of the offspring may differ,
there is at least no negative acsociation between these fwe varisbles,

Thet milk production is also related to age of dexm further supports the
conclusion that age-cf-dam effects have an important influence on weight

of calf weaned.

(2) Interactions involvinz age of dam, Where anzlyses of calf weaning

weights estimate major environmental influences with the objective of
using such estimetes as standardized adjustment factors applicable to

beef cattle performance recording prograrnes, the presence of interactions
ancng main eifects can limit the applicability of the computed adjustment
factors., For instance, if the weaning weights of calves out of young cous
are more affected in years of poor envirommental conditions than the
weights of calves out of more mature cows, then an age-of-dam by year
interaction may exist. Consequently the widespread use of the resulting
age-of-dam estimates to adjust calf weazning weights over a number of years
would be of limited value. The existence of an interaction between age of
dam and year has been reported by Koger et al. (1962), Linton, Brinks,
Stonaker, Sutherland and Faullmer (1968), Bzrlow et al. (1974) and
Baker et al. (1974).

Aside from any real variation between years and dam ages, management



TABLE 2.6: Published estimates of phenotyvic correlations between dam

milk production and calf weaning weight in beef cattle

Month of lactation

Total Authors
1 2 3 4 5 6 7 8
0.12% 0.43*% 0.46 Drewry et al. (1959)
0.46% 0.48%* Christian et 21. (1965)
0.33 Hohenboken et_nl. (1971)
0.58 0.38 0,01 0.19 0.27  0.03 0.40 Melton et al, (1967)
0.67-0,81 Klett et al. (1965)
0.69-0.81 Neville (1962)
0.70 Brumby et al. (1963)
0.83 T.R. Mason (1954)

* Correlation between dam milk

production and calf weight to this month of lactation.

‘0C
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policies may also contribute to the existence of an interaction between
age of dan and year., PFart of the variation between years may te
attributable to differential management conditions for dem age groups

to weaning, as for example in the preferential feeding of pregnant

irgi- or second-calving dame relavive to older daxms., Schzeffer and
Wilton (1074a) reported a significant (P<(0.01) interaction betwecn

zge of dan and level of herd performance., Vith increasing dam age,
increases in the preweaning average daily gains of 25571 Angus and

62058 Hereiord calves were larger in herds of low performance levels

than in herds of high performance levels, The importance of interactions

petwveen dam age groups and sex of calf hazve already been concidered (p,15).

Dlz Yeax ,0f Birth

In any variation among weights at weaning attributed to years of
tirth, not only are envircrmmental effects per se centributing, bhut also any
change in geneiic merit of the herd for wesning weight caused by culling.
Using the average vweaning weights of 211 calves born within a year as a

basis for edjuziment, as hkas been the c

e

se in the past, wouvld not

o8}

éiffersntiate between genetic znd yearly inflvences.

Thers have teen few attexzplts to eliminate the confounding of genctic
change with year effects on veanirg weight in beefl cattle. Sewell,
Ccmfort, Day and Lasley (1963) endeavoured 4o remove genetic change froo
estimated year adjustments by using the average weaning ireights of
calves frem 19 cows that were producing in 211 but the first (1951)
and last (19G1) years considered in the study. The weights of calves
from these cows were averaged by years and used as acdjustment factors
to adjust weaning weights to a base year (1953). tore commonly, year
effects on beef cettle weaning weizhts have been regarded in the
literature as a reflection of the wvariaiion in environmental conditions
from year to year, either within- orbetween-herds., Botkin and Vhatley
(1053) regarded year effects tc be largely due tc grezing conditicrs
which, in turn, were attributable to the amount of rainfall in July and
August (northern hemisphere). On finding a small but inconsistent
association between day of birth and weaning weight adjusted for age
of calf (205 days) and age of danm (4- to 10—years) in some years for
914 Hereford and 459 Angus calves in Oklahoma, Pherigo, Whiteman, Willham
and Stephens (1969) regarded rainfall to be the major source of environ-

mental variation to cause this relationship. Vhenever the rainfall in

August wes less than the "...normal average..." an important day-of-birth
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effect on weaning weight was present.

The year in which calves are born can be expected to have an
iprortent influence on their liveweights &t weaning, as reported by
Cottlieb, Vheat, Smith arnd iWearden (1962), Tover, Riggs and Cooper
(i966), <Singh, Schalles, Smith end Kessier (1970), Sacker, Trail
and Fisher (1971), and others. Clark, Shelby, Quesenberry, Woodward
and ¥illson (1958) attributed some 16 to 31 percent of total variation
in birthweight, weaning weight, preweaning gain and weaning score to
differences amcng years in T43€ Eereford cattle, while Brown (1260)
attributed 6 to 8 percent of the variation in 892 Herefcrd and Angus
calf weights at 240 days cf age to the same factor. Brown zlso suggested
that weight differencesz among years were greater after weaning (BOC- to
420-days of age) than before., Efiekhari-Shehroudi (1972) observed a

&N
more prenounced effect of year cf birth on calf weights in the early

3

cuckling pericd than in the leat

D
3
I
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although this influence was

0
gtill impcriant at veaning, lielms and Bogart (1956) found no differcnce

-1y

tetwveen vears in the preweaning gains o

3ok 103 Hereford and Angus calves,
however this investigaiion was over @ period of only two consecutive

years,

The inability inherent in least squares analyses to completely
ceparate the confounding effects of genetic and environmental trends
in yearly variation must l1imit the advisability of cozputing year-of-birih
ad justment factors for weaninzg weights. Furthermore, unlike other non-
geretic influences affecting weaning weight such as sex of calf and age
of dem, where a2djustments can be based on the male sex and the mature
daen age group for example, it would be difficult to determine the most
suitable year on which to base adjustments for year of birth., Con-
secuentliy the cerputation of adjustment factors for yeer of birth is
not uswally practiced, Recommendations normally rely on the comparison
of weaning weights adjusted for age and age of dam within years. This
is to be expected, since any selection on irdividuvzl weaning weight

performance would be meaningful only on a within-year basis,

(1) Interactions involvings year of birth. In the studies of Pahnish
et al. (1961), Chapman et al. (1972) and Baker et al. (1974), the
influence of year of birth on weight at weaning differed between herds.,
Barlow et al. (1974) reported this interaction to be the largest source
of variation in weaning weight or preweaning average daily gain of 2761

Angus calves in one analytical model employed. The possitility of a
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large between-year variation among herds suggests the limited
applicability cof standardized adjustment factors in some years,
The existence of such an interaction would indicate that weight

comparisons. to be accureste, should be made on a withir-rerd-rear

~

basis in selection for the improvement of calf veaning weights. Other
interactions involving year of birth with sex of calf and age of dam

have been considered on pp.15 and 19, respectively.

E. Herd

.

¥here investigations into factors affecting the weaning weights
of teef calves have been carried out over a number of hexds,
differences in weights at weaning emong the herds would te expected;
reflecting differences in genetic poiential for posipartun maternal
traits in the dams and for growih capability in the calves, and

differcnces in management and feeding levels.

In as few as tivo hexds, important differences in beefl czlf weaning

. 3 = / .- 3 -

veights have been repoxted by Pchnish et al. \1961) and Izhmud snd Cobb
{1663). From the weaning weight »ecords of 6364 calves in 7 herds in

South Africa, Bosmen and Herwin (1967) particularly noted that the

nature axd megnitude of between-herd variations in the sex~cf-calf and
age-of-dam effects indicated the need for appropriate adjustment factor
t0 te develcped within a kerd. This supported the contention of

Gregory, Koch, Hazel and Chanbers (1961) that the most accurate
adjustments of weazning weight for sex of calf and age of dan were

those developed in the herd in which they were to be applied. However
for the estimates of these effects to act as reliable adjustment factors,
particularly within years (Baker et al., 1974), the herd size should be
relatively large, & situation thet is not common in Few Zealand beefl

breeding herds (Cairney and Kzgnusson, 1970).

Under Kew Zealand conditions then, it wowvld appear that the
conputation of svitable adjustment factors for beef cattle weaning
weights should be from herds with similar preweaning management regimes,
Where the mating policies of individual breeders differ, age-of-dam effects
would tend to vary between herds. For example, the mating of "small"
sires to yearling heifers would tend to bias the performance of younger
dams reletive to that of mature dams (Barlow et al., 1974). Apart from
differential mating practices conirituting to herd effects on weaning

weights, the influence of preweaning feeding and manzgement systems of
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calves, such as creep feeding or the use of nurse cows, may affect the
accuracy of measurenent of genetic differences between calves for

growth. Cundiff et al, (1966a) cbserved that creep-fed calves tended

te everagce 13 kg heavier at weaning (205—days) than calves not on

creep feed. These autkors zlsc ceoncluded that despite significent
(P<:0.0i)differences in the type of pasture available up tc weaning,

this factor was of litile practical importance, accounting for approxi-
nately i perceﬁ* of the total variation in weaning veight. Taylor (1567)
end Thomson (19563) discussed the fzvourable influences of creep feeding
and nurse ccw facilities in the United Xingdom on the 200-day weights

of Eereford erdé Lngus calves, respectively. As Cundiff end Gregory

(1 908) heve suggested, the eccuracy of measuring differences in metermal
abtility may well be reduced under sunplereniary feeding regimes, since

calves will ccmpensate for difierences in dam milk precduction by

cersuning addéitional feed in rela

(St

ion to their genetic potential for

grovth and development,

Uniess the various preveaning feeding and mensgement regimes can
lysed accordingiy, their contributions to the

ion in weaning weights will be confounded with that of herd

(1) Interacticns involving hexd. Interactions involving herd effects

with sex ol calf, zge of dem, and year of birth have previcusly teen

considered (pp, 185, 2%, end 22, respectively).

111, TEE ADJUSTIZIT OF WEANIRG WEIGET RECCRDS FOR
ERNVIRCKMENTAL ETTECTS

From the foregoing it is clear that various non-genetic scurces
of variation have en important influence upon calf liveweights at
weaning., Among the numerous investigations reported in the literature,
fectors such as age and sex of czlf, age of dam, year of birth, and
herd, may differ in their relative contribuvtions to total variation in
weaning Qeight. However, their absolute contribution to the total
variation warrants further consideration if the accuracy of selection
is to be increased. Attention has already been drawm (p.1) to the fact
that reduction in non-genetic sources of variation affecting an
economically important trait can be achieved by means of the statistical
adjustment of records. The adjustment of records for any given environ-
mental effect requires a base to which all other classes of that effect

are expressed., Unfortunately problems can arise with year of birth or



herd, since an arbitrary decision is necessary to determirne the most
suitable year or herd on which to base adjustments. The computation
of adjustment factors for such sources of environmentel variation

ovld be questioned, particularly vhere selection on individual
rerformance is operzting on a within kerd-year basmis, a procedure ihat
is likely to be more meeringful under the pastorel conditioms prevailing
in New Zealand. On the other hand with environmentzl effects such as
age and sex of celf, and age of dam, computed adjustment factors can be
based cn criteria which serve to increase both the validity of cozparisons

within selection groups, and the accuracy with which genetic merit for the

A. Adjustment for Age of Calf at Veaning

Because of the unavoidabie veriation in calf ages at the time of
wezning and the existence cof a positive relationship between weight
cnd age, accurcte compariscns within celeciion groups require weight
records to be adjusted to a standard age at weaning., As a conseguence
of the commenly assumed linesr preweaning growth pattern of teef calves,

ecords to a standard age at
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veaning have receivesd £t attention in the literasure. (Yor purpcses

e}

T discussion the two adjustment precedures will subsequently be
referred to as Method I arnd Method II). In fermulating a weignt at

a standard age, btoth Fethod I and Fethod IT emplcy the following approach:

7 - Y W - (
vooo= W, o+ ng (t, - t) ...{2.1)
vhere: W, = veanirg weight adjusted to a

ctandard age (ta).

W, = ectual weight of the animal
[%]
vezned at ege T, and

aw = a measure of the rate of

e change in weight.

The two methods differ in their evaluation of this last wariable, visz.

the rate of change in weight.

Method I is the more universally employed of these two age adjustment
procedures, and is the approach currently used in the New Zealand National
Beef Recording Service (Anon., 1973a). Its widespread use undoubtedly
stems from the beef cattle performance recording recommendations of the

United States Beef Cattle Records Commifttee Report (1965), and more



recently from those cf the Beef Improvement Federation (1972). This
procedure defines the rate of chenge in weight in equation (2.1) as
the averege daily gein of the individual from birth to the time it is
weuned, That is, using the notation in cguation (2.1):

T
v

iy
I

ot

=

(“. = 4... ‘0 cta’\zr‘:«'/\
dat i
where 4 No = the weight of the individual at birth.

ol

Alircugh Method I has been sheown by Swiger et 21. (1962) and

Q
(@]
(=N

1)

irmed by Sellers et al. (1970) ",..1t0 rank calves in nearly the

szme order as more refined procedures...", it still has been subject

The main argumernts stex from two diszdvantages izherent in this
metihod., Hirst the practiczl difficulties associated with recording
birthweights has cften necessitated the use of pirthweights that are

cet
i

(’)

anc sex (e.g., Tnited States R

é
- - b \ oMo
Czttle Records Committee Report, 1965), or within breed only (e.s.,

fr assumpticn of ceonstant birthweights within defined classes
inevitably raises the guesiion of its suitability under widely differing
corditions. Reviewing the princivples involved in the performance
reccrding of beef cattle in New Zealand, Magnusson (1973) expressed

T
)
e

concera over the lack of information aveileble in Mew Zealund to evaluzte
this protlem. Rice et al. (1967) rmaintained thet the calculation of
average daily goins using an assumed tirthweight would introiuce only

a small error into the cecmputations. This may be true provicded that the
birthweight is assumed constant within treed znd sex. If no allowarnce

is made for weight at btirth then weight per day of age is calculated, a
character ihat wes found by Munrc (1962) with 5373 weaning records, o

have a spurious negative correlation with age.

The second disadvantage of Fethod T stems freoz the assumption that
each calf has grown at a constant rate up to the time of weighing, and
that this constant rate of growth can be used to predict liveweight at
a given (standard) age. MNinyard and Dinkel (1965a) with 2351 Hereford
and Angus calves, and Sullivan (1967) with 16622 calves, cbserved that
the adjustment of weaning weights for age of calf using Kethed I over-
adjusted the weights of calves in the extreme age groups. The adjusted

weights of younger calves were greater, whilst those of older calves
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were smaller than expected, had they been weighed at the standard age.

The existence of such a bias implies that the ectuwal rate of
grouth at the time the stenderd age is reached is less than that

v L1

formulated by lMethod I, Consequently late-born calves would receive

an edjustment which biases their reccrds urvards, whilst the converse
aprlies to early-vorn calves, If the actual rate of growtin at the
tandard age is less than that formulated, then either Method I is
iregpprropriate since prewvieening growth patterns are not linear, cor
ernztively IHethod I remains appropriate within specified ranges in
the age at veaning., VWith 1280 mixed-breed calves in Jamaica, Creek
comparisons shouvld te mzde within en age range
¢f 60 days, that is, within a tolerance 1limit cf + 30 days. OCn the
other hand {felerance limits of + 45 days ond 4+ 50 days have been
reccnrmended in the United States {Beef Inprovenent Federatiocn, 1972)
znd in New Zealend (Anon., fsr=a), respectively. With weekly weighings
of 33 Hereford bulis on perforzzance test in the Taited Xingdozm, Lewis

(1067) conclvded thet alth
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ware toou wide vher the exact magmity

was desired, in the context of within-herd compariscns wr

recoriing conditvions, these limits were sufficiently accurate to deterzine

the relative magnitude of an animel's esdjusted weight.

It is possible that the megnitude of errors imtroduced through the
use of Methcd I depends cn environmental cenditicns, particularly vhen
suck ccnditions are severe enough tc favour non-linear patterns of
crowwth to weaning., Trhe lilelikood cf errors occu.mringin adjustment
fer 2ge by this method mey increase when calves ¢t extreme ages are
exposed to different climatic conditions during their development to
weaning, as Pleasants (1974) hes noted. The extent to which climatic
fecters édiffer curing the preveaning period anc the numbers of calves
in the extreme age groups, would be expected, on the average, to be

reater under severe environmental conditicns such as those experienced
in the iropics. It is not surprising therefore, that the age range that
was acceptable to Creek (1664) for accurate compzsrisons within selection
groups, is less than the ranges commonly recommended in more temperate

and developed regions.

It has been suggested (e.g., Lewis, 1967; Rice et al.,, 1967) that
by applying the principle of HHethod I, a more accurate adjustment for
age of calf cen be made when two or more weights exist. Since a

reduced portion of the growth curve is being evaluvated, the calculated
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average daily gains between the weights will more effectively reflect
weight changes in the vicinity of the standard age at weaning. Creck
(1964) cencivded thet for individual comparisons, adjustments based on
two weights which did net bracket the standard age (210 days),

exnibited the sare bieas towzrds vounger czlves as did the cingle-weight
adjustments, inplying a curvilinear grewth pattern under the corditions
of his study. His adjustments based on iwe weights bracketing 210 days
and within the zge rangc of 20 to 270 days, terded to have the same order
of accuracy as those derived from a single weighing within a tclerance
limit of + 20 2ays. It may be possible therefore, to apply the Kethed I

¥
ad justment trocedure, without major restrictions in age tolerance
+
o

are known to vary as they aporoach weaning age, provided that at least

c
two welghts are recorded &t zges on either side of the standard agze.

®

The ceccnd methad of adjusting czif weights for ege at weaning
Nal

change in weight cefired in
ne linear regreszicn coefficlernt of weight on age.

In estimaiing the regresszion coefficient, the weight-age reletionsnip
inat is determined t

Fethod II may derive some advantzge since the estimated regression
coefficient is indicative of the weight-zge relationship of the populaticn
over a smaller portion cof the growth curve, This argument assumes that
crovth is linear over the portion of the growth curve to which the
adjustments are %o be applied may be mores justified than the assumption
of lethod I, vhere growvth is considered 1o be linear from birth to
weaning. On the other hend, if the pcpulation is small, or if correlations
between weighy and age ere low (Creek, 1964). tne use ol Meihod II in
adjusting weights for age at weaning may be of limited value.

Magnusson (1973) considered that by defining the regression co-
efficient as the rate of gair at weighing for all animals, when ",,..

it is obvious that there is wide variation in rate of gain...", there

[UN
4]

2 loss in the efficiency of selection since the variation between
individuals is ignored, Baker gj_gl.(1974) have argued that ",..on
statistical grounds..." (details not given), the adjustment of weights
for age by procedures involving regression of weight on age such as

Method II, is more accurate than adjustment for age by Hethod I.
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Table 2.7 presents some of the published estimates of the

regression coefiicients of weight on age in beef cattle. The majority
O

o

of estimates appear to fall within the range of 0.40 to 0,85, with a

redal value of 0.68 and a raw mean of 0,67. Formalizing Hethod II as
2.1

in expression ( ), illustrates the uce of linear regression of weight

2 Jo o
1naves

Ty - . ey 4%
ustnment procedure, where the es

regrescion coefficient is added cor subtracted for each dav of age under
or over the standard age, respectively. Such a procedire was vsed by
Willienms end Hurphy (1 to adjust the weaning

g d
weights of 1657 and 326 beef calves to a standard age of 210 aund 180 days

o~

edjusted weaning weightis tased on the linear regression coefficient of

weight on aze. This nethod pay be formalized (after Johnson erd Dinkel
1651) using *he notaticn defined in equaticn (2.1) es follows:

ReRes ti = the intercept of the linesr regression
of veight on zge on the age axis.
That is: or ay (':_‘)
Ve - [
‘t.i. = at .nc(204)
av
d
whers: W = the mezn weight at weaning.
t = the mean sge at weaning, and
aW

the rate o change in weight, which is deflned

jon
ct
|

s the ectimated linear regressicn coefficient

of weight on age.

Botkin end Whatley (1953) adjusted 701 weaning veight records to
a standard age of 210 days by this procedure. Minyard and Dinkel (1965a)
compared the ncon-adjusted vweaning weights of 2351 Hereford and Angus
alves with those adjusted for age by Method I and by Method III. In
order to evaluate the effectiveness of the two methods of adjustment,
the intra-class regressions of weaning weight on age were compared for
the three groups of date, as illustrated in Table 2.8. This criterion

of evaluation was justified on the grounds that age-adjusted weaning



TARIE 2,7: Prhlisked estinates of linesr regression

coefficients of vweaning weight (kg) on

e ot weszning {days) in beef cattile

ofgiizizds Breed* Regression coefficient Luthors
1306 H 0.52 lzhmud and Cobb (1963)
2 0.41% Evans et al. (1955)
795 H 0.42 Alexender ci al. (1964)
1692 H 0.44 Vesely arnd Rcbison (1971)
" 0.49% vans et 21. (1955)
2751 H,A 0.5 Minyard and Dinkel (1965a)
s 0.55% Gotilieb ot al. (1962)
219 ¥i,H,RZ 0.63 Lawson and Feters (1954)
1861 A 0.54 Hamann et al. (1963)
i 0.65" Bailey et al. (1972)
701 S 0.66 Botkin and Vhatley (1953)
526 E,A 0.68 Liagee ot al, (1961)
619 B 0.68 Singh et 21. (1970)
4 0,70 Bailey ct al. (1972)
4,8,RX 0.72 Baker et al. (1974)
546 34 0.76 J.B. Burgess et 21. (1954)
S 0.812 Gottlieb et al. (1962)
A 0.82%¢ Baker et z2l. (1974)
L, HL,RX 0. 83a ® Beker et al. (1974)
1621 H 0.95 Earvin et _21. (1966)
A 0.97% b Baker et 21. (1974)
754 H 15,03 toch (1951)

* H = Eereford; A = Angus; S = Shorthorn; Hi = Highlander;

RX = Reciprocal crosses anongst the breeds specified,

® Estimates obtained within herd or line,
b Estimates obtained for males.
(o}

Estimates obtained for females,
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TABLE 2,81 Regression of weaning veight (v) cn age at

weening (z) within farm, vear, and month of
birth

{tdeyted from Miryerd and Dirkel, 19€5a)
Degrees o &ge Fethed I age levhod III ege
Soure = e~ R o a : b
of adjustment edjustment a2d justment
oy o] [ et 1 g
freedon byx (kg) by}: (kg) b (xg)
Total 2350 0.58 -0.20 0.13
Within
subclasses 2162 C.54 0,10 Q.07
a !

{p.26) for detzils of this procedure,
5 ko for bulls and heifers

o
3 Y

d a standerd age at weaning (%t_) of 190 days, were
(=3

See equations (2.3) and (2.4) (p.29) for details of this procedure,

3 : . ! -
A staendard ege at wearin g+ ) of 160 days was assumed,
g (t, ;



weights, for any adjustment procedure, should be independent of
calf age., Both methods of age adjustment showed a reduction in the
total and intra-~class regression coefficients. Method III showed a
slightly greater independence of calf age than Method I, leadlng

Finyerd and Dinlkel {16652) tc suppert this procedure

o
l'"—'
™
2
S'.'
&]
pir S
te
=
n

veaning weights for age, although the differences between the two

methods in this regard were small (Table 2.8).

An analysis of four methods of ege~of-calf adjustment with 16622
weaning weight recerds, indicated to Sullivan (1967) that a nulti-
plicative linear method of adjustment wes the "...most efficient...".
It can oxnly be assumed Tfrom this author's abstract thzt the
rultiplicative linear method of adjustment for age of calf that was

nployed, applied the principles outlined for Method III cn p.29.
Furthermore, the criterion of efficiency used by Sulliven (1967) to

eveluzte the varicus age-of-calf adjustment procedures was not discussed,

= S - : : .
and Hender#on (1960) have pointed out in relation %o the

)
3

[
®

znd as Ses

R

T
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adjustment for zge effects con produvction in dairy cattle, nc satisfactory

at
criterion appears to evazluate adeguately the effectiveress of age

Cre probtlenm that arises with any eveluation of age adjustment
procedures is the question of whether the adjustrents should be applied
additively or multiplicatively. Both approaches appear tc equalize
means between adjusted groups, but they differ in their effect on
variences within adjusted groups. Adding a constant positive or negative
value will not alter the variance within ad justed groups, while multi-
plicative factors raise or lower the variation depending on whether
the adjustment factors are Jjerger or smaller than unity (Cundiff,
Willhem and Pratt, 1966b). Cundiff et al, (1966b) therefore, considered
that adjustment factors "...should equalize means between subclasses
and variances within subclasses...". The equalization of within- .
subclass variances is reflected by constant coefficients of variation.
Brinks, Clark, Rice and Kieffer (1961) and Creek and Nestel (1964)
followed the deductions of Koch, Gregory, Ingalls and Arthaud (1959)
that additive adjustments were appropriate when standard deviations
wvere equal, end that multiplicative adjustments were appropriate when
the coefficients of variation were equal. However, Searle and
Eenderson (1960) have noted that aside from being "...a useful adjunct

for any set of age-correction factors...", the use of a constant



coefficient of variation as a criterion of efiective age adjustwent
is guestionable, particularly vhen it is applied to other types of

adjustments such as those for environmental trends.

B, Adiustment Tor Sex of Calf

Where selection is practiced on individual performance rer se,
it is unnecessary to adjust the weaning weights of calves for sex
sirnce potential male and female replacermexnts will invariatly be
compared within their respective sex grcups. However, the need for
an adjustment for sex cf calf arises when evaluation of sire progeny

groups or of dem sumrery information is cecired.

The adjustment of weaning weight records to a base sex class
attempts to reduce the coniribution of sex to total variation in
weaning weight by estimating the weight of an animal had it been of
the base sex uncder the same environmental conditions, Weights adjusted

@
for ege at weaning and age of @em, are cemmonly adjusted to a mzle

li-brecding herds tc adjust to a vull
adjust to a steer basis (

=
€.8.,

o
. Both edditive and mulitiplicative

eef Improvement Federaztion, 1972

Justment factors have been edvocated to edjust weaning weights for

jo N

ifferences between calves due to sex. Additive factcrs are computed
from the average differences between the respectiive leasti-squares sex
means whilst wultiplicative factors are obtained from the ratios of the

respective least-sgquares sex means.

Among others, Koch et 21, (1959), Erinks et a1. (i19€1), EKoger
et al. (1962), Vernon, Harvey snd Warwick (1964) and Ninyerd and Dinkel
(1965a) have recommended the use of multivlicative adjusiment factors
for sex, primerily for the resulting greater equality of rmeens among
subclasses and variences within subclasses associated with this procedure.
Further to this criterion, Bosman and Harwin (1966) preferred multi-
plicative adjustment factors with liveweight data since they regarded
liveweight growth to be basically a multiplicative process, while
Linton et al. (1968) considered that multiplicative adjustment factors
for sex would also reduce the size ",.,of scme irteractions...". This
last point was in agreement with Cundiff et al. (1966b), who found with
13957 Hereford and Angus calves that in addition to more nearly
equalizing variances within sexes, multiplicative adjustment factors

appeared to account for an observed interaction between sex of calf and
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type of management (creep- versus non-creep feeding) whereas additive
adjustment factors did not. With 25309 Angus and 68850 Hereford
calves recorded over a p=ariod of 8 years, Schaeffer and Wilton (19741b)
regarded that within type of management, the absence of an important

interacticn of sex with tice irplied relatively corcstent differences

over time, which suggested the suitability of acdditive rather than

cmultiplicative sex—of-calf adjustment fectors.

Takle 2.C presents some of the rultiplicative and additive adjustment

factcrs that have been czlculated to adjust the weaning weights of calves

for differences due to sex. Zstimates of adjustizment factors for sex

53

of calf were published by Petiy and Cartwright (1966) in which additive
differences were C.0 kg, 5.4 kg and 17.2 kg ard multiplicetive factors
were 1,00, 1.02 end 1,08 for bulls, steers and heifers, respectively.
Factors recozmended in the United States by the Beef Inmprovenent

Federation (1972) involve multiplicative adjusiment factors of 1,10 for

€
heifer weights znd 1,05 for steer weights vhere adjustments to a bull
basis are desired, and fectors of 0,S5 for bull weights and 1.05 for
heifer weights vhere weighis zre to te adjusted ic a steer basis., In
nd, the Ketional Beef Recording Scheme (Anon., 16732) additively
s of heifler calves te thcse of bulls bty adding
vetween the raw mean weights for esch sex, provided that

there are at least 20 arnimels of each sex, Yhere there are fewer then

20 enirmals of each sex, &n es

wn

umed difference of 11 kg is addee to the

age—adjusted vweights of heifers,

(1 Adiustment for Ase of Danm

In view of thke reported important essociations in beef cattle betwecn
age of dam and milk production and between mill: production and weight of
calf weaned (pp.18 and 19), weaning weight records should be adjusted
for differences dve to age of dam for accurate comparisons within selection
groups. The base age to which wezning weight records are adjusted for age

of dam has been by tradition the age of maximum (calf weaning weight)
procuvction.

Within the North American dairy industry the advantages and dis-
advantages of adjusting produvction records to base ages other than the
(mature) zge of meximua procduction have received attenticn recently
(¥cDaniel, 1973). P.D. Miller (1973) deduced that the base age to which

dairy records are adjusted by multiplicative procedures has little
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additive

adjustm

"’1

Tactors for sex of czlf on

the weap;%warlyﬂfJ of weef c

lves

Breed* Bull Steer heifer Authers
Multivlicative:
Bull basis v 1.60 1.07 Bosman and Harwin (’Jo7)
H 1.00 1.08  Tasley et al. (1961)
B,A 1,00 1,08  linyard and Dinkel (1965a)
31 1.00 1,08  Xoch et ai. (1973)
A 1.00 1.03 1.10 Sellers et al., (19270)
v 1.00 1,06 1.11 Varzen et al, {1655)
E,4 1,00 1.12 1.15 Cundiff et al. (1266b)
A 1.00 1.16 Seebeck &and Campion (1964)
H 1,00 1.08 1.16 ellers et al. (1970)
A 1.C0 1.11 1,16 Parlow et 1. {1074)
H 1.60 1,18 Secteck and Cazpion (1964)
teer basis E 1.00 1.05 Srinks et 21. (1951)
X 1.00 1.06 Bair et al. (1972
2dditive (kg):
Bull basis H 0.0 .5 Lasley et al. (1961)
E,A 0.0 15,5 Minvard and Dinkel (1¢652)
A 0.0 6.8 18.2 C'hary and Ament (1961)
H,A 0.0  20.6 23.6 Cundiff et 21. (1966b)
Steer basis H,A 0.0 6.8 Fegee et al. (1961)
1 0.0 9.5 Brinks et al. (1961)
A 0.0 12.7 Willians and Murphy (1958)
H 0.0 13.2 Willisms and Murphy (1958)
A 0.0 18.1 Hamann et al. (1963)
* V = Various breeds; H = Hereford; A = Angus; AX = Angus-or

Hereford-sired calves out of Angus-FHolstein dams.

-
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inTluence cr the accurzcy of the ranking of individuals. Where

ad justment factors are applied additively the base age similarly does

not affect the ranking of individuals.

Following the terminology of P.D. IMiller (1973) where possible,

Fa

end epplying the procf to beel ceattle:

If A = the mean weaning weight production

level for the base dam age.

L. = the mean weaning weight producticn

level for the ith dam age, and

Nes = a recerd for a calf adjusted to 2

standard age at wrezning out of a

cow calving at age i,
then a celf's recerd adjusted multiplicatively
i (Y?) may be defined as:

i

- Yi(
\

b
N _—"

_i@
A,
L

The difference between iwo such records is:

T = Y.(Ao\ - Y.<A0>
i 3 if— jl=—

Ai/ Aj
= AO Y:L o E‘i e
A, A,
< J

The base means would be expected to affect not
conparisons between adjusted records, but also

emong adjusted records.

The ratio of any two adjusted records is:

for a cow celving &t age

only the magnitude of

the extent of wvariation

which is unaffected by the base mean. Therefore the rankings of
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individuals are invariant to the dar age tc which adjustments are based.

A calf's record that is adjusted additively for a cow calving at

ace i (Y?) pmay be defined as:

o
. v. 5
1

-

“ (fao \t

& 3

(=0

and the difference between any two adjucted receonds is:
2 a /
W, =, = (Y.+4 -8)-{¥.,+4 -14.)
ol 3 3 o als J o}
= (Y, -a)-(Y.-4) .
i it ) J
The base mean weculd not be expected te affect either the megnitude of
any comraricen or the extent of wvariation ercng zdjusted records. The
retio of adjusted records however, dcez depend on the base age:
Yo (r. 2 )
B = 3 0 ! .
2 \
v (Y. +A_-4.)
J 3 Y dJ
tut to shew that the rankings of individuals change, it must be
demonetrate? that if:
AT N | o
(1 O >/1 o..(d.b)
(Y.+4 -2£)
J o J
then:
(W, e af = A) o
3. o U {(1 -
(Y. + AT — By
J ° J
where: Aa = the mean weaning weight production level

for an alternative base dam age, such
that A' # A
0 o

Considering ratio (2.5) , such that: h

(Y. +A -1.) . Y. + a,

il 0 i’ = i :

Y.+ 4 - 4. Y. + a

( ) o J) J J
where: a. = (A4 -4.)

i o i

and a, = (Ao = Aj),

the ratio of weights adjusted to the alternative base age can be

considered as:



Y.+ A < A, Y. + A —-A. - A + A!
P [8) 1 = Bl 0 all (o] (o]
= = = 1
Yj + Ao Aj Yj + Ao Aj AO + AO
3 5 - - 1
_ Y, + a, (AO AO)
Y. + 8. = (A -~ A
Yo+ 8y 1 ao)

= i i ,
Y. +a. -~k
L
T hal . ‘— — - ‘
where: s = (Ao Ao) .

By definition in (2.5):

+ a'_) > (Y,j + a,j) 9 '-0(206)

e Ty At . = .
and subtracting a2 constant (k) from both sides of expressicn (2.6)

and:

Y.+ a. -k
d J
It can be concluded therefore that when records are adjusted 2dditively,
the rerkings of individuals are inveriant to the dam age to which

adjustments are based.

In contrast to the United States' dairy industry, the relative merits
and problems involved in adjusting weaning weight records to a base
dam age other than the age of maximum production have not yet been fully
investigated within most beef cattle industries. It is poscible that
there is no reason to change the base age to one other than maturity,
unless it can be demonstrated that adjustment factors based on a non-
mature age are more accurate at both the individual and population levels

defined earlier (P.Z).

Two convential methods of calculating adjustment factors of age of dam

by least squares, are first to compare the averages of all records made at
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each age (the Gross Comparison hethod) and secondly to compare adjacent
records made by the same cow \ihe Paired Comparison leth cd). The
difficulty with either of these procedures is that the effects of
selection can bias the estimated zge effects from these of the true

acze effects,

The nature of this tias wes first discussed in relation to dairy
cattle by Lush and Shrode (1550) and sutsequently applied to beef cattle
by ¥och and Clark (1955a). Briefly, if cows are culled at cach age for
low procucticn then clder age grcups would contain a larger proportion
of high-producing cows than the jounger age greups. Therefore, age-

ustment fectors computed by the Gross Comparison liethod

;3
=
-
2
&
[ N
}=-
Y
g
[42]
=~
[}
"d

vaerd from the true agze effect. Tne Pzired Comparison
ethod attemnts to aveid such effects due %o selection (i.e., elimireting

differences between cows) by ccemparing the change in production cf
djecent records of the same cow., Tnis method however, introduces

a dowvnward bias from the true age effect because of the incenplete

by the seme cow., Lush and Shrode
(1950) cconzidered that because the biases in the Gross Comparison ard
Paired Comparison methods were ir oprosite firsctions, the irue age
change should l1ie between the epparent age changes computed by the two

methods. They further pointed out that errors in adjustiment factors
emouvnting to less than one cguerter of a standard deviation of a cow's

ectimated producing ability were of 1little wpractical impcrtance.

Koch and Clark (1955a) estimated the repeatzbility of adjacent

wezning weignts (t) "...from arothe

<

> stvdy..." and attempted to derive
unbigsed estimates for age of dam by properticning the differences-
between the Gross Comparison and Faired Comparison methods as t/(1—u} for
each age-of-dem class, They conciuded that the resuiting combination of
estimates from the Gross and Paired Comparison methods represented the

", ..best estimates...of the additive age effect...". Table 2.10 presents
the estimates of Koch and Clerk (1955a) of age effecis relative to a
6-year-old cow obtained by the Grecss Comparison, Paired Comparison

and Combined methods. It can be seen that the Combhined estimates are
intermediate between those derived from the Gross and Faired Comparison
methods.

Karlowe et _al. (1965) conpared the Gross Comparison and Paired

Comparison methods of computing adjustment factors for age of dam for
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TARLE 2.10: sdditive adjustment factors for age of dam on

veaning veight ottained by Gross Comparison,
a

Paired Comparison znd Combined procedures

(4dapted from Koch and Clark, 1955a)

tge of dan (years)

Procedure
3 4 5 6 7 8 9 10
Cross Comparison (kg): 21 10 4 0 4 1 3
Faired Comparison (kg): 16 6 2 0 2 5 9 16

Combined” (1z)

ae
o
\O
@
W
o
-t
W
n
o

Estimates arc precented relative to a 6-year-old cow, to the

derived by proporiioming the dilference between
the grcss and paired comparison rethods as t/(1=%), where t, the

v of adjecent weaning weights, is defined as 0.46.
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the preweaning average daily gain records of 8972 Angus calves and

5210 Yereford calves, EBoth nmetlicds produced similar results for

1

each breed, leading the authors to conclvde that selection for milk

production in beef cows was either not practiced or was ineffective.

Since least scusres esctimet

icn of zge-cf-der edjusiment Tector

]

is complicated by the practice of cullirg on the tasis of performarce,
Henderson (1949) illustrated the suitability of ",..maximum likelihood
ese' procedures to estimate environmental effects under conditions of
selecticn for performance and of incomplete repeztability of performance,
(Current terminology now refers to these procedures as "best linear

e

unbiased estimation" procedures, Henderscn, 1973).

To cbtain urbiased estimates of age effects using best linear
unbiased estimztion, the ratic of specified variance compenents must
be krown, In relation to dairy catile, Henderson (1658) drew attention
to the biases in estimates c¢f environmental trends caused by errcrs in

a
ore =
el 1ga

Justiment and repectstility (2 funciion of variance conponent

pe]
oy
{

ios). Henderson, Kemrthcorne, Searle and Von Krosigk (1e59) s
tly expanded the method towards the estimation of genciic and
ervironrmental trends. This theory is alsc eppliceble to the estimation

Fa

of age effects,

Mocdels invelving best linear unbiased estimetion procecdures for
the estimation of the effects of age on production have been successfully
arrlied to dealry cattle records of production by such workers as
R.E. Miller, Harvey, Tabler, IkcDaniel and Corley (1966), r.D. Filler
end Henderscn (1958), P.D. lMiller, Lentz and Henderson (1970),
Wunder and McGilliard (1971) and P.D. Miller (1973). Best linear
unbiased estimation, arising from mixed model techniques, has the most
appeal in estimating age effects since least squares estimates assume
that cow effects are completely repeatable over years whereas best linear
unbiased estimates do not, employing both within-cow and among-cow
differences (R.H. Miller et 21., (1966).

There have been few epplications of best linear unbiased
estimation techniques to beef cattle records in order to determine
a2ge-of-dam adjustment factors for weaning weights. Cunningham and
Henderson (1965a,b) iteratively estimated the effects of sex of calf,
age of dem and year of birth on the preweaning average daily gains and
type scores of 4838 Hereford and Angus calves. The resulting estimates

vere then applied as adjustment factors in order to estimate the
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heritabilities and repeatabilities of these traits. Subsequent
.l

presentation of this tech ( Curninghan end Henderson, 1968)

was later modified by Thompson (1969) ir order that unbiased estinates

of variance cocponents and fixed effects mey be obtaired.
- = £ & v N 5 Bl 3 ~ry -
Kevilie et al, \:9,4; anclysed 398 lectztion and B20 weeaning
weight records frem o Hereforé herds by least

juzres and best
oc

sa
stimetion (termed zaximum likelih their peper)
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trocedures in order to estimete differences dues to the effects of age
of dam. For daily milk production end weazning weight (adjusted to
210 days of age by Method I), the means end rmultiplicative adjustment

factors for ezch age-of-dam group within herds were similar for toth
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were generally larger. Despite the sinmilariiy in estimat

e
suthers did not dispute "...the increzsed efficiency of th

vera cbizined for age of dan-sex-type of zanagermenti (creep VETSus non-
. \ - . P ~ 3 N

creep feeding) and tor age of dam-sex-level of herd performznce

subclasses in 25571 Angus and 6C058 Eereford calves in Canaca. The

resuliing sge~-cf-dam by sex by "environmenial" subclass means were

€
te comrare the effectiveness of developed additive and multiplicative

As has been the case for computing adjustment fectors for sex of
celf, toth additive and multiplicative adjustment factors have been
recommended for the adjustment of weaning weight records for differences
due to age-of-dam effects. Cundiff et al, (1966b) suggested that
additive adjustment factors were more suitable since the standard
deviations of weaning weights for different ages of dams were relatively
constant, This was in agreement with ®'Mary end Ament (1961), who feund
with 97 weaning records that sdditive adjustment of weaning weights for
ege of dam was more effective in reducing variation in weaning weight
due to age of dam than multiplicative adjustment. Over an 8-yvear period,
Schaeffer and Wilton (1974b) reported that in addition to equalizing
variances within ege-of-dan groups, additive adjustment fectors for pre-
weaning average daily gain were more appropriate than multiplicative

adjustments in view of the differences in the means for age-of-dam groups
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rexaining constant over time. According to Freston and Willis (1970),
rublished reports tend to support edditive adjustzent factors for

age of dam, althcugh scme authcrs dissent frem this view (e.g., Linton
et al,, 1968) for reascns outlined previously in relation to adjustments
for sex {pny>~. Eaker et el. (1074) oY

i

e

esticmates of zge-of-dam &djustment fact

but it can only be implied that additive adjustzents for age of dam were

Tevle 2.11 presenis some of the published edditive and multi-

plicative adjustment factors employed to adjust the weaning weights
of beef calves for age-cf-dam inflvences, VWhere possitle, estinmates

i n

€ to 9 years of zge. The lack of en adecuate set of criteria to evaiuate
Fal
4
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- = o9 - L35~ P T -3 ST A R
records z=yrear 1o be entirely cutisfaciory wider all conditions.

hexrd to which they are to be applied, "... provided the data are not

biased and the herd is sufficiently lerge to give relieble estimates,..”

[412]
(o)

e T

7/ ~ . — . - . .
(Gregory et z1., 1961). Baler e al, (19{4), cn the bacsis of estimat
tencdard deviations and an assured normal herd-age of dan distribution

s
suggested thet approximately 25 animals feor each non-mature age group

would be reguired to recuc

[{¢)
P

andarc error of age-of-dam estimates
within years to 5 kg, implying 2 herd size of 125 cows., In fiew of the
srall size of registered beef hexds in New Zealand (Cairney and
Fagnusson, 1970) and of the relatively widespread performarnce recording
but centralized processing concitions prevailing at the present time,

a general set of adjustment factors for ege-of-dam effects may be more
racticable, Data adjucted by such a general set of factors may be
useful for making basic comparisons under on-farm conditions, but by

T

nzture of its generality inherernt inzccuracies within the set would lizmit

the accuracy of close individuvual comparisons,



TABLE 2.11:

Published additive and multiplicative adjustment factors for are

A
of dam on the weanine woishta of heef calves™

Breed” S . T 5 B 5 S
Additive (kg):
180 15,9 5.5 2,3 0.0 0.0 0.0 1.4 3.6 8,2 Clumetal., (19%6)
A 180 34,1 20.0 8.6 3.2 0.0 O!'Mary and Ament (1961)
H,A 190 4.6 18.7 11.9 7.8 0.0 5.6 9.2 15.5 16.9  Minyard and Dinkel (1965a2)°
H,A,RZ 200 23,7 9.7 4,6 0.0 0.0 0.0 0,0 0.0 0,0 Baker g} al, (1974)¢
AX 205 12,3 9.8 6.2 1.3 0.0 14,9 22.7 Bair et_al. (1972)
A 205 26,7 14.8 4.0 0.0 0.0 Cardellino ~nd Frehm (1971)
H 205 38.0 16.6 45 @o 0.0 Cardellino snd Frahm (1971)
H,A 205 g ® 68 3.9 0.0 0.0 0.0 0.0 0.0 Cundiff a2t al. (1966b)
Multiplicative:
H,A 1,09 1.09 1.05 1,00 1,00 1,60 1,05 0.96 Meade et al. (1959)
H 200 1,11 1,11 1.05 1,02 1.00 1,00 1.00 1,00 1.00 Taylor (1967)%
A 200 1.13 1.13 1.06 1.02 1.00 1.00 1.00 1.00 1.00 Thomson (1963)%
200 1.1 1.10 1,05 1,00 1,00 1,00 1,00 1,00 1.00 Anon., (19732)
H,A,RX 200 1,6 1,06 1.03 1.0 1,00 1.00 1,00 1.00 1,00 Baker et al. (1974)¢
H,A 205 1,118 1.06% 1.02 1.02 1.00 1.00 1.00 1.00 1.04 Sellers et 21, (1970)F
205 1.5 1.10 '1.05 1.00 1.00 .06 1.05 1.05 1,05 U.S.B.C.R.C.R. {1965)
H 210 , 1,10 1.05 1.02 1.001:: 1,02 1,02 1.02 1,02 Neville e ~1. (1974)%%
H 210 141 1.05 1.02 1.0C 1.02 1.02 1,02 1.02 Teville et ~l. (1974)¢
4
&  Wherever possible, estimates have been adapted to a base (mature) ace of 6 to 9 years of age inclusive. P©

(con't)



TARLE 2,11 (cont'd)

b

H Hereford; A = Angus; RX = Reciprocal crosses.amongst the breeds specified;

AX = Angus- or Hercford-sired calves out of Anmus x Holstein dams,

Combined estimates of Gross and Paired Comparison matlods of adjustment after

Koch and Clark (1955a). (3e2 p.39).
Factors averaged over herds.

Age-of-dam groups divided into 2- to S-menih intervals (estimated adjustment factors)
as follows: 27 mo. (29.3 kg), 28-30 me. (23.5 kg), 3133 mo. (19.9 kg), 34-29 mo. (16.1 ke)
and 40-45 mo. (9.1 Xkg).

Factors averaged over sexes.
Dams 34 months of age.

Dams 34-45 months of age,

United States Beef Cattle Records Committee Report (1965).

Factors derived by applying best linear unbiased estimation procedures.

(See p.41).

9 year-old dams assigned a multiplicative factor of 1,02.

NG



46,

CHAPTER 3

METHODS

In this study, the mzjor facters influencing weaning weight and
the first~crder interactions among them, were estimzted bty least
squares analyses. In addition, estimates of the effects of age of dam
on weening weights, unbizsed by the effects of selection and incomplete
repeatatility, were cobitzined through the zpplicaticn of best linear

unbiased estimation prccedures,

Within the Hereford and Anzus btreeds each czlf was classified

according to herd, year of tirth, aze of dzm and sex. The grouping

cf dem ages for the age-of-dam classes is given in Tatle 3.1.

L. Eetimation of lzin EZffects Excludine First-Order Interactions

Tre model used was:

1ijk1m = o+ h o+ ¥y dy + 5 + b(xijklm) + e ikin ...(3.1)
where: Yo = the observed weight at X days of age of the mth
13xlm th th
calf of the 1 sex born in the i~ herd and
the jtn year out of a dam belonging tc the kth
&ge group. .

% = the theoretical population mean with equal sub-
class numbers when weaning zge is zero. The
population mean with equal frequencies when the
age at weaning is equal to the average age is:

}.l = ol + b (i)
.th

hi = the effect of the i™ herd.

yj = the effect of the jth year.

dk = the effect of the kth age-of-dam group.

S = the effect of the lth sex of celf.

b =  the partial regression coefficient of weight

on age at weaning.



TARLE 3.1: Grouping of dar ages for age-of-dam

classes on calf weening weights

_4T.

Dam age (years) Age-of-dam class
2 1
3 2
4 B
5 4
6-S )

i0+ 6




3
xijklm the age at weaning of the BNl o S B
sex born in the ibh herd ard j"h year out of

th
a dam of the k age group, and

. th
= the rardom error peculiar to the m = calf.
411 effTectis in model (3.1), with the exceptien of tke error effects,
were agsuzed fixed. The e vere assumed to te rormally and

; the

Do

independently distribtuted with mean zZero and variarce

<

e
assumption of normality being required for tests of significance.

Initially, the first-order interactions among herd, year, age-of-

dem group and sex effects, wesre considered to contribute 1little to the

total variation in wezning weight and were therefore excluded from the

feN

n was tested in subsequent

T o]
ndividual epplications of model (3.1), (Section B), for the following

i
first-order interactions:
e - e o o)
(hyjqﬁ eee the interaction effect of the 1 herd
e
with the j year.
‘ .. . i P ., i
he ), eee ctne interaction effect of the i nerd
ik

e -l
with the k¥ age-of-dam group.

4.
p— . .th
(hs):l eee the interacticn effect of the i herd
4
P.

. . .. .th
the interaction effect of the ye&ar

4
q th N
with the k age-of-dam group.

<+

(ys).l ee. the interaction effect of the j°° year -
4
with the 1°* sex, and

S
(sd)1k «es the interaction effect of the 1"h sex

with the kth age-of-dam group.

Model (3.1) may be written in matrix notation as:

Y4

b+ e e (5 2)

where: Y a known (N x 1) vector of weaning weight records;:

where N is the total number of records.

X = a knovn (N x p) incidence matrix of the fixed
effects defined in model (3.1);

where p is the total number of groups of effects.

b = an unknown (p x 1) vector of parameter values

to be estimated, and



e = an unknown (W x 1) vector of random error
effects in which the elemernts are assured
to be normally and indepencdently distributed
with an expected valve of zero end a variance

-

(o)} O?I, where I is an (N X N) identity matrix.

Leest squares estication of b invoives minimizing the sum of

squares of the observations from their expected values.

With BE(e) = 0,
then:
(1) = Xb,
arnds
e'e =F-mrr-x] .

Differentiating efe with respsct to the elements of b, and eguating

to zero, leads tc the equations:
}:'Xb = X'Y coa(3.3)

from which:

~n O~ \
b = (}‘:'fx) & ’ 000(304,’
- A - - -~ - - . - -
where b is the estimeted value of bt which minimizes e'e, When X'X is
P
- _\-— . - - o -
of full rernk then ( X 1 exists, and b defired in (,.4) ic the cnly

soluticn to the normal equaticus (3.3). Vhere linear dependencies
exist among the equations, the X'X matrix is not of full rank and
restrictions must be irmposed cn the normal eguaticns to reduce the
X' matrix to a sub-mairixz of full rank. The restrictions applied
to the norewal equations in this study were that the estimates within
a given group sum to zero. That is, in terms of model (3.1):

z/k:i = ZJ‘S;J = L,d ZA ’

end of the normal eguations (3.3):
o o
(X'}\)rb = (X'Y)r 9 000(3.5)

vhere b° is a vector of estimates of the repeining effects, and
(X'X)r and (X‘Y)r are the reduced X'X matrix and X'Y vector respectively,
after the restrictions have been imposed,

Before inversion of the reduced X'X matrix, equations for the mean
and herds were absorbed into the remaining equations for years, age of

dam, sex and regression of weight on age. If (X'X)r, (X'Y)r and b° in



egquation (3.5) are partitioned as:
B

A [ a v
Y X'V VIW vxi
= y -00(306)
Bt C ¢ W
WXV v Xw|j w1
where: A = a square (v X v) metrix with corresporcding (v x 1)

T
vectors of cbservaticns (V) end parameter values
(a), and vhere v is the number of sub-zrours for

the mean and herds after the restrictions have

’,
c = a square (w x w) metrix with responding (w X 1)
Ao
-~

cor
and paremeter values

N’

servetions (W
(c), end where w is the number of sub-~groups For

years, age of dam, sex and regression or weight

on age after the restrictions have been imposed,

Is}

I
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I-
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Expansion of (3.6, gives:

Aa + Bc

= v
o . W )
B'a + Cc = W
Solving the first equation for a:
a = A—lv oo A-1BC -0.(3.8)
end substituting for & in the second ecuation of (3.7) gives:
(c-34" "Bk = w-3Buly ; ee.(3.9)
from which:
t = (¢~ B*A‘1B)’1 (v - B'A"1v) , ...(3.10)

and 2 may be computed by substitution of € for c in erpression (3.8).

The total reduction in sum of squares for fitting model (3.1) is
estimated from:

r(®°) = bO(X'Y)rz , eeo(3.11)
c %

and the sum of sguares for error is computed from Y'Y - R(bo),

where Y'Y is the total uncorrected sum of squares of observations.



il ,

The individual sums of sguares for the mean, herd, year, age-of-dan,

sex and regression of weight-on-zge effects can be determined by:

A LA
B'Z 1B 5
a q
41
= 2\ - . . . . v
wheres: n& = & row vectior of the estinztes for the Q

group of effecis,

-1 . :
Z = the inverse of the sguare g}

t
segment of the inverse of (X'X)

4
. th
correspcnding to the q = group of effects,
and
/\ b 4 oo 4 4 4.
2 = a column vector of the estimates for the
—
* th s i
q crouvp ol effects.
Horvey (1954) kes shown tha® sums of squares computed in this

effects, werc nct obiairnsd directl
absorpticn into the remaining effects of years. zge of danm, sex arnd
regressicon of weight on age. It can be chown however, that the
sements of [(X'X)XJ'1 corresponding to the mean and herd effects may
be computed from the resultis ol the zbsorption procedure, From

erpression (3.6), where the reduced X'X matrix was partitioned such

thats
A B
y
B @

the correspondingly partiticned inverse of (X'X)r may be defined as:

(z'x)..

1 7
-1
&rmj= :
LR Q

Inverting (X'X)r by partitioning involves three steps:

(i) Qq - (c-3sule)! |

(ii) N = -A-1BQ

-1

(1i1) ™ L - TT il N



Jt can be seen from equation (3,10) that Q cf step (i) above has teen
culated. Therefore the square symmetrical segment of the inverse

of (X‘X,r corresponding to the mean and herd effects (M) may be

cozputed from steps (ii) and (iii), and that Z;1 corresponding to ihe

ﬁ. : - .
q grovp of estimates may be daternirned from inveriing the apprepriate

o

[
)
4

o

zhove.

The relative importance of each mair effect defined in model

(3.1) vas determined by comparing the percenizge reduction in error

ariance resulting from fitting a cub-model with all effectsz incluled
except the main effect in guestion and from fitting the full model

The estimation of sub-group means end standerd erors followed
ike procedures outlined Ly Harvey (1060). In terms of model (3.1)
a R
. v

te of the q  group of effects was

A 2N Ny A
/A + g, = & + bia) qoa, y
/ = i
where:s X = thie mean age at weaning;

uia, A o e R R Bl sl B
'\/(z/ * ¢ ’—)’&"—\/(z““ + 272 T2 4z 2z %y ooWg Jo

e
wvherc: 2 =  the inverse of the reduced Z'X matrix,
with superscripts denoting ths row and
colurn for each element, and
A2
A = the error mean square.

If the ith coefficient of the qth group of effects in the normzl

equations was subtracted out in accordarnce with the imposed restriction

thet )9, - 0, such that:
i
e
a; = ..2621 fox |ip£ &' "
p e

the diagonal element of qy in Z was derived by:

a9 9,9 1,9 a9, T Q9.
g+t _ gl 1+2(z1 2)+...+»2(Z1 l"1).+....+Z"1 11+2(zl211).
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. . 0 A 3 . .
Tre non-diagzonal inverse element of qi with the mean or the regression

£ weight-on-age eflects was determined from:

z s Sz ) for ig#i'
i1
znd
tq bg
. P
i S i )
Z = -(: Z ) for i # if 5
i-1

respectively. Differences vetwecn sub-grovp means for age-of-dam and
for sex groups were tested by the Student-llewman-Keuls test for multiple

cozrarisens among meéans based on umegual sample sizes, as illustirated

Variances within each ege-ci-dam group end esach sexz group vere
estimoted by arrznging the weaning weizhts, adjusted for age of calf,
into herd-ysar-age of dan-sex sudb-groups. Ccrrected sums of squares
ard ascocizated degrees of fresdem vwere obtzined for each sub-group,
end the corrected sums of squares for a given age-cf-Gam or zex grou:

vere pocled and civided vy the corrsspondinzly peocled degreess of

freedom,
2y, Estipation of Pirzt-Order Interactions

For each breed, all first-order interactions emong herd, year,

o

ce—ci-dem group and sex effecte classified in model (3.1) were considered

oy

ndividuvally in order to determine their levels of significance arnd

F

relative degrees cf importance. The models used fcr each interacticn
anzlysis, the ferms of which have been defined in Section A, are
presented in Table %.2. Least scuares estimation procedvres followed

the principles outlined in Section A.

Cn occasions, the size of the X'X matrix in the normal equations
was such that solution of the equations was initially simplified by
abscrbing the meen, the two interacting main effects and the interaction
terms into the remaining main effects within each interaction analysis.
For example, in the herd x year analysis, equations for the mean, herd,
year and herd x year terms were absorbed into the rezazining equations
for age-of-dam, sex and regression of weight on age. After absorption,
the equations in the resulting matrix still retained linear dependencies

which necessitated the imposition of restrictions on two of the
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TLELE 3.2 Hodels employed in within-breed least sguares
estimation of rmoin effects fer indjvidual
Firgt-order intersctions

i e -Vt a

mterac.:lon Vodel

analysis
b cen Y — & 1 y 8. % b(X.. + (hy).. + e. ...
ferd x year 13k1m + hl + ya + dk + 8y (*131{11:1) ( Y)lJ 13k1n

\
Herd x dan-ag D (e = h. + y.+ d,_+ g L. 5 )+ (hd)., + e...
Eerd x danm-age eias, =™+, B0 S 3S 5 5 b(‘d_;h{];n’ ( )1k ik
Herd X s Y =ok+h, +y.+d + s, + b(Z,. + (hs).. + e, .
Lol et “ijkin oy :’3 » e By (‘131{113 )11 iJkim
T Y - } - s X . vd -
iegr X cam-age Yi‘k:lm K+ ﬂi 5 2 BJ + dk + 1 + b(AlelE‘) * (J )Jk w ijkin
Year x e Y = .+ 4, S o) T FAYS).q + €.
ie&r X |eX -ijklm R+ hi ot YJ T hl: + 01 + ( lakln) T (J )Jl l,j}:ll?l
x % dam-2g = o B b(Z. . sd., -
Sex = dem-gge  Yyggp =t B+ ¥y dpdosy (Z; i) + (5 + €550
See text (Section A) for definiticns of terms.
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remaining effects tefore an inverse could be obtained. Table 3.3
presents the equations that were absorbed, the remaining main effects
into which the ebsorption was carried out, and the restricticns
subsequently icposed on the remaining effects for each interaction

aralysise.

The calculation of the total reduction in sums oi sguzres for
fitting the models in Table 3.2 and the error sums of sguares involved
the szme prccedures as those considered in Section A. The sums of
scuares for the individual interaction terms wers cozputed by
differercing the total reduction in sums of sguares fcr fitting the
respective models in Table 3,2 from the reduction in sum of squares
for fitting the mcdsl of main effects only (model (3.1)). The relative
level of importance of each intersction was determined by comparing the
percentage reduction in error variance resulting from fitting the
respective models listed in Table 3.2 and from fitting the main-effects

rnodel (3.1).

I. BEST LINEAR UNRTASTD ESTIEATTCN ANATYSHS
B & S TAes .13 b 2 8 % 7 = O T
In this section best lirear unbiased eciimation crising from mived

= = 15
Yoo = pHagthidog e ...(3.12)
vhere: Yijk = the weaning weight, adjusted for age and sex,

of the calf out of the kth cow belonging to
th

the ith age group in the j  herd-year.
/u B the population mean weaning weight adjusted
for age and sex when equal subclass numbers

exist.

m
1]

L4
. .th
the effect of the i age-cf-dam group as

5
defined in Table 3.1. Age group effects
were concsidered to be fixed effects.

hj = the effect of the jtn herd-year. The herd-

year effects were assumed to be fixed effects.

C e =  the effect of the k™™ cow in the j°© herd-year.
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TARLE 3.3: Dotations sbsorbed into remeining main effects
and the restrictions subsecvently imnosed to
colve the rnorme) ecuaticons fer soch interection
analysis
Inderaciicn Iouaticns Femaining Restrictions
cnalyesis abscroed main effectis inposed
: 0oy . A A
Herd x vear ol # e # o @ Byl - duul gS=m b ¢, =38 =0
J iy} X’ L K 1
iz i
ITeve ™ < - e L& A A\ A
Yerd z danm-age o + hy + 4 + \nd)4b Yis Sq» b z;y. =Zdol =5 i
= 1z J 3 J 1
. < LT | 2 N S
Eerd x sex & + hy + =, + \isj Y., b, b ng.::z:dk =0
L 8 2 J 25 3 5 5. &
J I
N A
Year 3 dam-—ars o r 14 (g} K H ?‘1 =N e =
Year 1 danm-age ol + E + 4y \Ja,jk: iy 8qy 0 2.5y z:ol 0]
i 1
7 N b
Yeer % sex X+ F. + 8, + {ys). h.s 8.5 b h, =2 d =0
“ g B )31 1i* T Ly 2? k
X
N i
St 3 . : & 3 =3 ; e N KE
Sex x dap-zge oL+ 54 + dy + (oa)lk hi’ yj, b thi ey 0
i J

See text (Section

A

for definitions

of terms,



Cow effects were assumed to be random effects
distributed indeperndently with zero mean and

. 2
variance I Oy end

. th .
e.. = the randon error effect c¢f the k cow in the

s s
.oh i ) ey el Elogk a8 R EOR 5 b il B2t o\
Hes G=gea T IUeiCR eSOl Bieey 1 e §T0GT.

P

(£0
’

Error effects were assumed to be inderencently

e o .. . 2
distributed with mean zero and variance Io;.

The advantege of the mixed model approach stems from the fact that

both withir-cow and tetween-cow differences are utilized.
Writing wmolel (3.12) in matrix notation:
= Xb+ Zv + e e.o(3.13)

Y
. { a . . 2
vhere: Y = a lmown (I x 1) vector of weaning weight reccrds
adjusted Tor age end sex-cf-calf, where ¥ is the
total number of records.,

1

.4 = a known (I x p) inciderice matrix of the fixed
ects of the model, where p is the nunbter of
mean, age-of-dam group and herd-year effects.
S I .
b = an unknown: (p T 1) vector c¢f parameter values of

4

the mean, age-of-dem group ard herd-yezr effectis.

N
|

I£%s . . .
= a knowm (I x q) incidernce matrix of the random
effects of the nodel, where g is the nusher of

cow eifects.

u = an unknown (q x 1) vector of parsmeter values of
the cow effects of the model. The elexentis of u
are assumed to have a multivariate distribution
with mean zero and variance-coveriance matrix
Doi, where D is a knovn non-singular (q x q)

mstrix, and

e = an unknowvn (N X 1) vector of random error effects
heving a multivariate distribuiion with zero mean
. . . 2 .
and variance-covariance matrix Rcé, where R is a

known non-singular (N b'd N) matrix.

It is further assumed that the covariance between the vectors u and e

is zero.,
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A. Developrent of the Nixed Mcodel Solution

IT the variance components of the randcm effects in the model are
movn, estimable functions c¢f the fixed effects can be determined from

z solution to the normal eguations:

, ...(3.14)

where V is the (K x N) variance-covarience matriz of Y, the elements

of which are functions of the assumed known wvariance components:

v = e[t - 5(v)] [x - &(v))"
= B[Y -] [¥ - ]
= EfZu + e] [z + ¢
= E[zuu'z' ] + E[ee’]
= {ZDZ' + R)z.

kore commonly, the variance co ol oot
heccmes cne of ectiraticn c¢f toth the fixed effects and the variance

5

corpornents in the model,

Cne approach, assuoing the elements of the vectors u and e to he

normally distribuied, relies con the simulteneous estimaticn of b and
u bty meximizing the joint cdensity of Y and u for variations in b and

H
~~
o

-
e
~—~~
I

g(Ylu)k(v)

<

end meximizing with respect to b and v gives:

=il =1 n -
X'R X 'R Z b TR ¥
= . ..0(3.15)

1

! Z'RY

Z'R X (z'R’1

7, ch D—1)

Ls demonsirated by Henderson (1973) and Anderson (1974), solution of
equations (3.15) results in best linear unbiased estimation of fixed
effects and best linear unbiased prediction of random effects in the
nixed model (3.13).

It is worthwhile to note that when D is a diagonal rmatrix of one

independently distributed random effect with variance 0% and zero co-

variance with e, and when R is equal to Ioi under the assumption that

—ll _ \ 1
(Constant)exp [-%(Y ~ Xb - Zu)'R (Y -Xb-Zu,] exo [—ru‘

~1

D™

.
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error effects are independently distributed, equations (3.15) reduce
to:

B
X' X'z b X'y
= ° 000(3.16)
2
| 27 e+ =) ? Z'Y
; o i
L N B S I A

R, The Mixed Fodel Sclutien Applied to Medel (3.12)

Ir applying the mixed model sclution equatiors (3.15) to model
. it is pertinent to consider the essumptions made in specifying

3.12) as
3.12) and some of the conseguences of these assumptions.
Fitting herd-year subclasses were assuwred to elimirate bieses from

potentially large herd-by-year interactions. Arother assumption implicit

in model (3.12) is that there

®

is no interaction btetweern age-of-dam group

e

and herd-year. The Tailurs of this assumpticn to held true may affect

the applicability of estimaies. Accerding to R.H. Miller et =1. (19€6)

stmert fectors derived from age-of-dem group estimstes are applied

ive fora, any real interactions invelving age of daxm will

With the herd-year effects assumed to be fixed, the estimates for

age-cf-dam groups are effectively being fitted on an intra-herd-year
basis., If herd-year effects are assurmed to be random effecis, the
precision of age-of-dam group estimates may be increased cepending on
the composition of ages c¢f dems in the different herd-years., -If the age
composition varies 1little betweer high- and low-producing herd-years
then the increased accuracy of estimation may be expected to be slight.
On the other hand, if the age compositions in high-producing herd-years
differ appreciably from those in low-producing herd-years, the assumption
of random herd-year effects may result in biased estimates since the
averege level of herd-years associated with age-of-dem groups

(Z} n, /h ) would be expected to differ. This bias can be eliminated
by comphting as though the herd-year effects are fized (Eenderson, 1573).

The error effects are assumed to have zero covariance between e.

iJk
. . . . 2 2
and e'jp' with a consequert variance-covazriance matrix of Ic;, where o,

is the error variance. This assumption results in computational
advantages associated with the mixed model solution equations (3.15)

since:
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R = E(ee') = 1 ci "
and equations (3.15) reduce to:
~ - {.A - 2
XX X'z b XYY
= 000(3017)
ZVX (z'z+ D )| | 2 'Y
L e

The random cow effects are similarly esssumed to be uncorrelated,

such that the covarisnce between the variakles Ci‘ and cij' is zero

. . - 2 2 . .
and the variance-covariance matrix is Ic&, where o, is the cew variance.

Thus:
DO'2 = E(uu') = IC"‘2
e c
and : P
%
D = ? I .
o
e
Since D is a diagonal metrix:
2
~1 %
D = —5 I ’
~c
c
and equations (3.17) further sirplify to:
> 1 . N =
X'X X'z b Y
= P) oao(3-18)
2
0; ) ~
Z'X (22 I u z'Y
p
- ¢ 4 0 L -

0 . . /=
vhich can be seen to equal the soluticn equations (3.16) for one

random factor with o% being replaced by oi .

The solution equations to model (3.12) enployed in this study
therefore, were those of (3.18).

C. Estimation of Variance Components

The solution of equations (3.18) requires the prior estimation
of the components of variance for cows and error. The analysis of
variance method of estimating variance components from balanced data
is based on equating mean squares of the analysis of variance to their
expected values. This method is well defined, since there is a unique

analysis of variance for a particular model. With unbalanced data
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however, there may be several ways of partitioning the total sum of
squares and accordingly there is no unique analysis of variance for

a given model. That is, there are several quadratic forms that can

be used for estimating variance components by equating observed with
expected values. In relation to multi-way classifications of
vrbelenced detz, Eenderson (1953) extended previcusly existing varicnce
component estimation procedures by describing three different methods
(referred to as Henderscen's Methods 1, 2 and 3). Searle (1968, 1971)
has discussed the features and relative merits of variocus methods of
variance ccmponent estimation, with consicderable attention to the three
methods of Henderson, Briefly, lMethod 1 is analogous to the enalyeis
of variance procedure used with balanced data, equating calculated sums
of squares with their expected values. However, wherc both fixed effects
(other than /u) end random effects are specified in the model, this
method suffers from an inebility to estimate wvwariance components free

from the fixed effects.,

Fethod 2 applies the analysis of variance principles of Method 1
to mixed models, endeavouring to remove the tiazs in variance component
esticates derived ip Methed i, by determining verisnce compenents from
the deta adjusted for fixed effects. Searle (1968) suggested that
Eenderson's Method 2 is not uniguely specified since several generalized
inverses for the coefficient matrix of the fixed effects exist, and no
unigue set of variance component estimators can be determined. However,
Eenderson, Searle and Schzeffer (1974) demonsiraied that for a range of
models in which there are ro interacticns between fixed end rarndom effects,
nor eny nesting of firxed and random fectors within each other, Method 2

is a procedure that is well defined.

Method 3 makes use of reductions in sums of squares duvue to fitting
different sub-models of the original model, estimating the variance
components by equating individual reductions with their expected values
under the full model. This method has the distinct advantage of being
the most appropriate procedure for variance component estimation in tke
mixed model, deriving estimators that are unaffected by the fixed effects.
Eowever, Eenderson's Method 3 suffers from computaticnal difficulties in
the calculations of reductions in sums of squares and the derivations of
their expectations. Therefore, despite the biased estimates of variance
components derived by Henderson's Method 1, the computational advantages

over Method 3 determined its application to the estimation of cow and
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error variance components in the mixed model (3.12) of this present

study
The model used was:

ee.(3.19)

0 = /u < ci + yj - ei

e
.
[GFN

where: Y = the weaning weight, adjusted for age arnd sex,

of the calf out of the 1°h cow in the j ak2 year.

e
(WD

/u = the porulztion mean weaning weight adjusted for

age and sex vhen egual subclass frequencies

exist,
. s 2 il
ci = the effect of the i cow, Cow effects were
assumed to be renden cnd distributed independently
with zero mean and veriznce Io
th
yj = the effect of the j 7~ year, Year effects were
assuzed tc te randem and distributed independently
. . 2
with zero mean and variance Ic}.
. o . - LR
e = thie error efTect peculiar to ithe record of the 1

’.J .
CJ.

[7>8%

ccw in the J year. Error effects were assumed

A

0o be randem and distributed independently with

3

. . 2
ero mean and varilance Ic;.

It was further assumed that all the variables in the model were
independent of each other axnd that the cow x herd-year interaction

as zero,

In the znalysis of model (3.19) cows were not permitted to have
more than one weaning record in the same year., Where this occurred the
first of the two records was utilized. Corrected sums of squares and
their expectations were obtained for each herd and then pooled over all
herds tc determine the variance component estimators for cow, year and

rror effects,

Deriving the vector of the uncorrected analysis of variance sums

of squares (T) as:
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. 2 e i 2 %
Total n
t
Cows Tc
m _ — —
= == = = ’
m
T
Years v
Correction term T1 %
.y — - - . “ -5

whers IV is the total rumber of records, the correspcnding vector of

- . . Cy . :
corrected analysis of variance sums c¢f sqguares (T ) is determined

A=ERG
r _
T -
] 1€ T1
| -
T = |- . ... (3.20)
c i v H
;2. -7, -7+ 7T
T © y 1
The matriy of expectaticnc of ihe uncorrected anelysis of variance sums
. / S ot .
oI sqQu&ress \A) is given as:
() N Iy i N
2
gﬁ R
E(TC) K N - B nc
S 1 I‘.'i
E{:“lz = A = F L] 0-0(3'21)
/5 2
B(T,) i 2l N n
¥ 3\ n . Y
-J
- 2 2
E(T,) &, 2
1 I i S 1
L N N

where n, represents the number of cows and ny represents the number of

years. From A in (3.21) the matrix of expectations of the corrected sums
c . . .. . . .

of squares (A ), which is the ccefficient matrix of the vector of variance

components (V), is determined from:
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B(z,) - E(T,) o‘i
c - 2
AV = E(Ty) = E(T1) o . .« J(FN22)
In wn(m - 2
LE(J.t) - L(LC) - E(Ty) + E(¢1)— _oé )

Lguating erpressicn (3.22) to ihe vecior of the corrected enalyveis of
variance suns of sguares:

C

2%y ¢,

enables the vectior of estimates of the variance components for cows,

years and error (G) to be determined from:

42‘1

- T e

<>
|

Primarily, estimetes cf the variznce components for cows and error were
obteined for the ccomputation of the solution equations (3.18) for model
(3.12). Hoviever, thece variance component estimaies mey also te anplied
to the estimatiorn of the intra-ciass correlaticn (i) among the vearing

e
veights cf calves cut cf the same cow in subsequent yezrs as:

with a standard error of:

(1 - ) [_1 4 (k= 1)t .
EE)(k -~ 1) (@ = 1)

where: d = the total number of dams, and
k = +the average number of calves per dam.

Sellers et al. (1970) have noted (details not given) that the above
formula gives only an indication of the magnitude of the standard error

of the estimate of repeatability,

D, Estimation of Ape-of-Dem Effects

With appropriate restrictions imposed on the fixed effects in

equations (3,18):

Aetao
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where b is the number of herd-years, computation of the estimates‘g
ard W of the vector of parameter values requires that the coefficient
petrix in (3.18) be inverted, Since only the estimates of age-of-dam
eff'ects are desired in order tc derive the appropriate adjustment
factors, inversicn of the coefficient matriz may be simplified by
absorving the equations for ceows end herda-years into the ege—ci-Cam

a
3,18) can be partiticned es:

~

~roup equaticns., Equations

.- — po— -9 r— -y
Lxa By x (b-1) Ya x c; o Gs x 1
B! H \ ; r Jol U
b1 a b-1 1 b= : -1 —
(b=1) =2 "(b-1) = (b-1) “(v-1) x c; G N P e))
it bt . v
“c.xa “Tom = HES) c.Xc & ‘e 1
; (] o o J 3
vhere: A = a sguzre disgonal matrix of the age-of-dam group

[uk]
Il
®
o0
RSy
o
o
H
o
)]
l.l
o
("
o
=
f
=
B
o
ct
e
v
o
L)

the herd-year effects:
4
b is the number of herd-years of which the b°h herd-

e
vear hzs been cdeleted.

«Q

2
e
= (z:2 + — 1) = a diagonal matrix of cow effects
% nested within herd-years: c. is the

I
number of cows in the J herd-year.

B = a non-dizgonal sub-matrix in the X'X sub-matrix,
Dend FF = non-diagonal sub-matrices in the X'Z sub-metrix such
that:

D+ F=ZX'Z and D' + F' = Z2'X,

G = an (a x 1) vector of observations pertaining to the

age-of-dam group effects,

T = a (b-1 b d 1) vector of observations pertaining to the

herd-year effects.

V = 2'Y = the (cj x 1) vector of observations pertaining

to the cow=within-herd-year effects.

@& = an (a x 1) vector of ege-of-dan group pzrameter values.
h = a (b-1 x 1) vector of herd-year parameter values, and
g = a (Cj x 1) vector of cow-within-herd-year parameter

values,
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Expansion of expression (3.23) yields:

Ad + Bh + Dg = G
B'd + Hh + TFg = U ’ 0-0(3024)
D'd+ F'h+ Cg = V

from which the absorption of the eguations for cows can be esccomplished
by sclving the last equation of (3.24) for g:
2 = ¢! (@-pa-rn |,

and substituting for g into the remaining equations of (3.24) to give:

(4 -DC"'D')d 4+ (B-DCTF)n = T-DCW

" g " . e..(3.25)

(Bt ~FC™D')d + (H-FCF')h = U-FCV

Abscrpticn of the ecuations feor herd-years can ncw proceed by solving the

1
~
)
o
H
=2

second equation of (3.2

5 )
IH
”~
jus]
]
txf
«Q
[}
):r._j‘
)
[ ot
P
c
1
=
(9]
<{
L

-1 <
- (B* - ®CTD)d] ,
and substituting for h into the first equation of (3.25) tc give:

(B - Pc‘1D'}] Gl

i a3 s . | - -
= [ -0¢7Y) - (3-0c"'m) (B -reF) (U we)]
eeoe (3.26)

The estimetes of age-of-dam group effects (3) may be determined from
(3.26) by inverting the (2 x a) coefficient matrix and post-multiplying

by the (a x 1) vector of observaiions, IF decired, the estimates of herd-
years effects (g) mzy be obtained by the substituticn of E for & in the
second equation of (3.25) and solving for h., The estimates of cow-effects
(%) may be similarly determined by substituting 8 and'E for d and h

respectively, in the third equation of (3.24) and solving for g.

The large numbers of herd-years and cows in this study prohibited the
storage in memory of equations (3.23) in the computer (Burroughs B6700).
Therefore, the above double-absorption procedure was executed indirectly

as the data were read in from magnetic tape in the following manner:
(i) Data were sorted by cow within herd-year,.

(ii) Equations for the effects of age-of-dam group, herd-year,

and cows were collected for one herd,

(iii) Cow equations for the herd, after adding the appropriate
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variance ratio to the diagonal elements, were absorbed into

the herd-year and age-of-dam grovp equations.

(/| = g oY B . . 3 e s
vy Sleps \3i), &1:1), >re repecvec wntil the records
of 211 cows and herd-years kcod been processed.

The solutions for the {ixed age-of-dam effecis from the resulting
abscrbed eguations (3 .26) are identical %o solving the entire best
- \ S ne = . o
livecr urhiased ecuations (3.18), where the coefficient mairix of eguations

(3.18) is inverted ty pertitioning.



63.

CHAPTER 4

DATA

I. SCURCSE O DATA

In 1963 the New Zealand Sheep and Beef Catile Survey of the lew
Zealand Meat Producers Board znd the Ilewr Zealand Wool Board initiated
llew Zealand!s first comprehensive beef cattle verfcrmance recording
service. his vas lmown as the Beef Cattle ¥Weight Gain Performance
Recording Scheme., Afier approzimately 10 years of operaticn this schene
was servicing 325 predominantly registered beef cuutle herds, which
represented 26 percent of zll registered beef herds in lew Zealand
(Anon., 1973h). The particulars recorded included identification of the

alf, sex, hexd, and brecd; birth date, birth weight, dates and weights
at weaning ancé at eighteen-wonths, and the identificaticn nuzbers of the

calf's dum and sire and their respective years of birth.

i
tine conirol and operztion of the Beef Cattle Veight Gain Ferformance

Recording Scheme was transferred to the New Zesland Dairy Board who

ct+

operated it on behalf of the New Zealand MNeat Producers Board, By 1973

this recording scheme had been replaced by the National Beecf Recording
Service (Beefvlan which is the present performance recording systen
i ’ P 1! L,

for beef cattle in New Zezland.

Despite the modifications that have been incorporated into this
service to date, the adjustments of weaning weights for the effects of
age of calf and age of dam remain the same as those that were employed
in the Beef Cattle Weight Gain Performance Recording Scheme. These
adjustments followed the recormmendations of the United States Beef Cattle
Records Committee Report (1965).

The data used in this present study were the weaning records of
Hereford and Angus calves recorded in the Beef Cattle Weight Gain
Performance Recording Scheme filed in the Farm Production Division of

the New Zealand Dairy Board.
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il 55 DESCRIPTION OF DATA

For the objectives of the study to be fulfilled, it was comsidered
recessary to extract data covering a comprehensive range of herds and
ervironnents in which beef catitle records of hign performance had been
Reintaired over several years., A high proportion of the animals recorded
in the Beef Cattle Weight Gain Performance Recocrding Scheme was registered

with the appropriate Breed Associations.

Although epnroximately one quarter of the registered beef cattle
kerds in New Zealend were recording calf veaning weights by 1972, a
provortion of these herds had relatively small numbers of cows within

their brecsding units., Consequently the first of two criteria determining
L
v
breeding cows within each hexd. A minimum hexrd size cf 40 cows was
considered a reascnable level upon which to base this criterion. The

second reguirement inmposed on the files in the original data involved
A
Y

e Wa P4
o3

regarded to te sufficient.

The original data from the Beef Catltle Veight Gain Performance
Reccrding Scheme were screened according to the two criteria mentioned
above and resulted in 55 Hereford and Argus herds with a total of 24427
wezning weights, recoxded cver a nine-year period from 1964 to 1972

clusive, being withdrawn for amalysis,

Table 4.1 presents some descriptive statistics associated with theze
data, Despite the larger numbers of calf weaning weight reccords and of
cows that were recorded to have weaned at least one calf in the Angus
breed, the average weights and ages at weaning, and the average nunmber

of records per cow weaning at least one calf were similar for both breeds.
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Turerical descriﬁtion of data extracted from the

Beef Cattle VWeisght Gain Perforrence Recording

Sckeme (1964 +o 1972)

St Breed

Hereford Angus

umber of weaning records 7771 16666

tverzage welght at weaning (kg) 2C&e.0 204..9

Average zge at weaning {(deys) 218.5 220,17

Fumber of herds 18 o

Averege ruzber of recorded years 8.0 7.6

per herd

ucher of males weansd 3022 G261

Number of females weaned 3849 7405

Kurber of cows weaning at least

one calf 291 1 61 06

Lverege nuzber of weaning records

per cow weaning at least one calf 2.7 2o
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CHAPTER 5

RESULTS AND DISCUSSION

15 MATH EFFECTS AND INTERACTION

The analyses of variance of the main effects for thke weaning weights
of Hereford and Angus calves are presented in Table 5,1. All main effects
inclvded in model (3.1) were highly significant sources of varistion for

each breed,

The analyses cf variasnce c¢f first-order interactions fitted
individually with the main effects of Table 5.1 are summarized in Table
5.2. These reveal that each first-order interaction between respective

gin effects was highly significant. The levels of significance in
Tebles 5.1 and 5,2 could be exp

T freedon for the error estinmates,

=

ained by the large number of degrees

As discussed in Chagpier 3 the relative levels of importance of the

rcain effects were deternined by comparing the reductiicns in error variance

ER RS

resulting from fitting mcdels that respectively excluded and included the

[¢)

rain effect in gvestion. The relative levels of imporiance of ihke
individual interaction effects were similerly obtained, comparing the
reductions in residual variance from fitting models with and without

inclusion of the interaction effect in cuection.

The percentage reduction in errcr varience due o fitting the main
effects andi irdividual interacticn effects for each breed are given in
Table 5.3. In both breeds, the most important single source of variation
was that due to linear regression on age, followed by that due to sex.
All main effects for each breed contributed to more than a 2 percent
reduction in error variance. Of the interaction effects, only the herd x
year term for the Herefords and the herd x year and herd x sex terms for
the Angus contributed to at least a 2 percent reduction in error variance

after all main effects had been fitted.

The percentage reductions in error variance associated with fitting
regression on age, age of dam, and sex of calf, irndicate that these
sources of variation warrant adjustment where weaning weights are to be
cempared accurately. Although herd effects were an important influence

on the wezning weights in this present study, it is likely that weight



TLBLE 5,1:

T2.

Arnalvses of varience of the main effects

for wegnins weigh

Source of variation

Hereford

Angus

Mean sguare

Fean scuare

1656110, 7T**%
68522.8%%*
22562, 9%*%

118066,8%%x

1708783, 0% **

LAQ2GT2, gxxx%

803.1

568G232,2%%*
51325, 1 %**
33677.4%%%
126048, 0%%*
2533228,9%%*
5668884, 0% **

619.2

**x P< 0,001



TABLE 5,2:

Mean souvares of first-crder intersctions

fitted indivicdually witl

main effects for

veaning weights

T8

Scurce .of variation

Herefoxrd

Angus

af l‘ean square (el lean scuare
Tectal 7770 16665
Ferd xz year 119 10625, 3%** 275 8022, 5%%%
Error 7518 €4G, Tre# €378 4G3.6
Herd z age of dam 83 1914 4#*¥ 173 1261 ,5%*%
Errcr 7554 7¢1.0 16440 612.5
Hexd x =ex by 4783, 5#% 35 7805, 4 %%
Exror 7720 734.5 16578 §04..0
Year x age of éam 40 2154, 0¥ 40 14G9,0#*¥*
Errcr 7697 T795.1 16573 €17.1
Year ¥ sex 8 €479, 2%*%* 8 6191 1 %%*
Error 7729 797.2 16605 616.5
Sex x age of dan 5 8565 1 *ui 5 1529,5%
Error T732 798.5 16608

618.9

* 0.05 > P» 0,01

**%x P< 0,001



TARLE s Percentaze reductions in error veriance

duve to the individval fittire of main

effects and first—-order interactions

Reducticn (%)

Iten
Eereford Angus

¥air effects:

Herds 15.6 e

Years 2.1 2.5

Age of dan 8,7 5o 1

Sex 21.6 15,7

Regression on age 41.9 o1
Interaction effects:

Zerd = year 2.1 uce

Eerd = age of dan % 1.1

Herd x sex 1% 21/

Year x age of dan 0.9 0.3

Year x sex 0=l 0.4

Sex x age of dam 0.6 0.0




5.

conparisons would be made within herds vnder on-farm performance
recording situations, hence obviatiné the need for adjustment of these
effects, The existence of an important herd x year term in both treeds
irdicates that weight comparisons at weaning should not only be made
within kerds, but within years as well. The absence of other imvortant
irteractions relative to the contritutions of the mein effects in the
Hereford data implies that adjustment factors for age-of-dem and sex—of-
celf effects on weaning weights may be applied over a range of herds and
years, Similar conclusions may be dravm for adjustments for age of dam
on the weaning weighis of Angus calves. The cccurrence of a relatively

zus data

ipnportant interaction between herd and sex effects in the Ar
irndicates that the vsc of a pean sex difference in weaning weight as a
sex zdjustment factiecr applicable to 211 herds is inadeguate, although en
adjustment computed by such & procedure is appliicable to all years. 4n
important herd x sex interaction suggests differential preveaning manage-
ment pclicies favouring a greater realization of the superior growth

potential in the male genotyrpe.
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ficients of weight on age
at weening within herd, year, azge-oi-cdam and sex subclasses for Hereferd
end Angus calives were 0,70 + 0.01 and 0.62 + 0.01 kg/day, respectively.
These estimates correspond closely to the arithmetic mode of published
values presented in Table 2,7. The estimated coefficients, together with
the mean ages azt wezring for Eereford and ingus calves of 218 and 221 days
respectively, were employed to determine the mean weaning weights for the
two breeds (204.6 + 0.6 kg and 202.8 + 0.4 kg respectively) as outlined

in Chavter 3.

B, Age of Dam

Least-squares estimates, means and mean differences from mature
(6 to 9 year-old) dems for each ege~of-dam group are shown in Table 5.4.
Veaning weights of Eereford and Angus calves increased by 33.3 kg and
22.7 kg respectively, as age of dam increased from 2 to 6 to 9 years of
age, It is possible for reasons ovtlined in Chapter 2, that the estimates
of gge-of-dam effects in Table 5.4 are biased slightly downward in the

younger age groups ard upward in the older ages if Hereford and Angus deams



TLBLE 5.4:

Leazst~squares estimates, means and mean

differences from mature dens of age-of-

dzm groups for weaning weight

54

Number of Estimate lean lean
Breed records (xg) (xg) diffigsnce
Eereford:
General mean TT71 204,6 + 0.6°
Lge of dam
(years):
2 436 22,4 + 1,2%  182.2 + 1.5 33.5%%
3 1504 -6.6 + 0.7  197.9 + 0.8 17.6%*
4 1359 2.3 £ 0.7 206.8 + 0.9 8. T**
5 1106 7.1 £ 0.8  211.6 + 0.9 3,8%%
6-9 2537 10.9 £ 0.6 215.5 + 0.7 0.0
1C+ 829 8.7 4 0.9 213.53 £ 1.1 Ral2
tngus:
General mean 16656 202.8 + 0.4
Lge of dan
years):
2 495 -13.9 + 1,0  188.9 + 1.2 22,7
3 2976 -6.4 £ 0.4 1¢6.4 + 0.5 15.2%%
4 2701 0.9 + 0.5 203.7 + 0.5 T.9%*
5 2309 3.3 + 0.5 206.2 + 0.6 5.4%*%
6-9 5797 8.8 £ 0.4 211.6 + 0.4 0.0
10+ 2388 T8 & 0.5 210.2 + 0.6 1e4%

a Standard error
* 0.05> P> 0,01

** P<L0,01



Tle
have been selecied on productivity, In an endeavour to overcome these
bilacses, age-of-dam influences on the weaning weights for ezch breed were

detemmined by best linear unbiased estimaticn procedures.

\ 9 QO = .
J Best linear unbiased estimation of age-of-dar effects, From the

Ciscussion in Cheapter 3, best linesr urbissed esiimeiion of age-of-cdanm
effects on weaning weights necescitates the prior estimation of wvariance
omponents for cow and error effects. As indicated in model (3.30) the

veening weights for each: breed were adjusted for age =3 sex cof calf,

Ad justment for age of calf employed Methods I, IT and III of Chaper 2,

vith zdjustment for sex being aprlied multiplicatively to the records

of females as the ratio ci the respeciive sex means for each breed.

Table 5.5 presents the variance ccmponent estimates derived by EHenderson's

Method 1, the inverted variance component ratios required for best linea

urbicsed estimation of age-of-dem influences, srd corresponding estimates

of the repeatabi;it? of wezning weignt, according tc the method cf adjiust-
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The estimates of repestability of weaning weight as a characiter of

Hereford dams agree with theese reporied in the literature. TFor exemple,
Botkin end Whatley (1653}, with 603 210-day weicht records and Kilkenny
(1968), with 695 200-2dzy weight records, estimated the repeatability of

aning veight for Herefcrd dams tc be C.43 and 0.42, respectively.

s cbtaired for Angus dems are slightly

e
lovwer then most of the reported estimates presented in Table 2.3.

¥With the voluntary perticipation of beef cattle breeders in the Beef
Cattle Weight Gain Performance Recording Scheme, weaning weights were nov
recorded in consecutive years in some herdgs, Consequerntly the degree of
adjacency of calf records may, on the average, be less than that with
single-herd data from which many of the published estimates of repeatability
have been derived. As Cunringham and Henderson (1965b) have demonstrated,
the magnitude of repeatability estimates tends to decline with the degree
of adjacency of calf records. Lower estimates of repeatability may also
occur where calves are encouraged to feed independently of their dams.
Under these conditions the maternal influernce c¢f the dam is reduced and
any measure of intraclass correlation is more an indication of the genetic

effects that are cormon in calves of the same cow (Kilkenny, 1968).

With the variance component ratios presented in Table 5.5, best linear
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TABLE 5,5: Estimates of veriavce components, their ratios

end repeatabilities of weaning weight according

. : !
to method of zdjustiment for age at weaning

Fetnod of Veriance component
Bmee ey Etm e Cow EYT 0% Ratio Repeatability
for age at > 5 5, o 5 5 5
weaning (c2) (o7) (02/o%) (05/(c5 + ©2))
Herefordb: e
I 314,97 368,67 e 0.46 + 0,01
II 373.81 434.99 1.16 C.46 + 0.01
dEIL3L 227.69 364,03 1.1 0.47 + 0,01
d
Angus
& 164,00 328.27 2,00 0.33 + 0.01
II 196.55 295.25 2.01 0.33 £ 0.01
iIt 180.59 340,56 1.89 0.35 + 0,01
a

=1

¥eight recoxds adjusted for age at wezning by lMethods I, II and II
of Chazpler 2, and for sex by multiplicaiive adjustmert factors of

1.16 and 1,13 to Hereford and Angus heifers, respectively.
?

L Total number of dams = 2001,
Total pumber of celves = 7698
c ..
Stencard error.
4 potal rumber of dams = 5086,

Total number of cealves

14198.
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unbiased estimates of sge-of-dam effects on the weaning weights of
Hereford and Angus calves were determined according to the method of
adjustment for age at weaning (Methods I, II and III). Table 5.6
presents such estimates together with differences from the mature (6 to
veer-0ld) den age grovp. The weaning weights of Hereford and Anus
calves increased by approximately 28 kg and 26 kg respectively, as age
of dam increased {rom 2 years to the mature ages. Frem 398 210-day
weight records in two Hereford herds, Heville et z1. (1974) obtaired
", ..maxinum likelihood..." differences frcn mature (6 to 8 year-o1d)
dezms of 18, 12, 5 ard 3 kg for 3, 4, 5 and 9 to 12 year-cld dams for one
herd, aud 15, 5, 1 and 3 kg for the respective dam eges for the seccnd
herd, These auvthors concluded that in comparison with age-of-den estimates
derived by least sg ¢s rrccedures, there was little diffcrence between

the estimates derived by either procedure.

In comparison with the lezst-scuares differences frem the mature
age-cf-dan group presented in Table 5.4, best lirear untiesed differences

zre generally of slightly smaller magnitude for the younger age groups.

ron Chapier 2, estimates of rnon-rmature age-of-dam effects by least

P

scuares Gross Comparison precedures tend 10 be biased from the true age
effects due to the infiuence of selection of cows on performance, Best
linear untizcsed estimetion procedures however, take esccount of this bias

by utilizing both within- and between-cow differences. Comparisons of best
linear urnbiased estimates of deviations of ncn-mature dan age groups from
the mature dam age group in Table 5.6, with thcse estireted by least
squeres in Table 5.4, tend. to surport this theory for bereford dare,

for Angus dems with the exception of the two extreme age groups.

In evaluating adjustments for the effects of age ocn production in
dairy cattle, Lush and Shrode (1950) roted that errors arounting to less
than one quarter of a standard deviation of a cow's estimated producing
ability, mey be regarded to be of little practical significance, Under
conditions of selection on individual performance, a similar basis of
comparison was employed in order to obtain some indication of the importance
of differences between age-of-dam deviations from mature ages derived by
least squares and by best linear unbiased estimation procedures. With a
heritability of weaning weight of 0.25 (modal value of Table 2.1), and
vithin-subcless sitandard deviaticns of 28.3 kg and 24.9 kg for Eereford
and Angus calves, respectively (Pable 5.1), one quarter of a standard

deviation about an individual's estimated treeding value was determined



TABLE 5.6:

Best linear untiased estirates (BLUE)

end differences fron mature dams of

. . a
age-of-den groups for weaning weight

80,

Metnci of

hge of dan (years)

© (SR V)

weaning B 3 4 5 6-9 10+

Hereford:
BLTUE 11 159.0 170.4 179.4 183.8 185.6 1862.6
I1 156.3 1€9,2 178.1 183.5 185.8 182,2
11T 160.1 172.4 180.9 185.5 187.5 184.1
Differences I 20 SR 6.2 1.8 0.0 2.0
iI 22.6 16.6 T 2.4 0.0 8.6
III 27.4‘ 15.1 6-6 200 0.0 T

Angus:
ELUE i 1EQ.6 193.7 20C0.9 202.8 2C5.9 205.4
iT 1eC.0 i%z.8 1¢9.7 202.5 206.5 2C>5.9
IIl 178.6 193.3 192.6  202.5 206.3 205.6
Differences I 25.3 i2me 950 Pl 0.0 0.5
LTI 26.5 WS 6.8 4.0 0.0 0.6
I11 27.7 12.9 €.6 3.8 0.0 0.7
Weight records zdiusted for age at weezning by Methods I, II and III

of Chapter 2, and for sex by multiplicetive adjustment factors of

1.16 and 1.13 to Hereford and Angus heifers, respectively.
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to be 6.1 kg for Hereford calves and 5.4 kg for Angus calves. For each
breed, comparison of the deviations of non-mature from mature dam age
groups presented in Teble 5.4 with these presented in Table 5.6,
irdicated no major differences between ceviaticns estirmated by least

>d estization proceduress, This suggeste

4218 SLEZEeS LS

(

thzat selection on performance in the Eereford and Apgus dems in this

present study was either not effective or was rot undertzlken by breeders.

(0 § Sex cf Cz1f

Table 5.7 presents least-sguares es ates and means of sex groups
for the weaning weights of Hereford and Angus calves, The weening
weights of rmales were significanily heavier than those of females.

The magnitudes of the superiority in average weights weaned of males

over that of femeles do not compare with those reported by Earwin et al.
3\ ) -~ 7 a - - . ~

(19566), Tayler (1S67). Thomscn (1858) or Koch et al, (1973) in Table 2.4.

In Yew Zezland, recenily repcried estimates of differences in ithe weaning

£ 0 kg in two he-ds, whilst Pleasants (1 4)
cbserved mzle~female differences to range frem 15.1 kg to 23.6 kg in one

herd, and 9.0 kg to 18.6 kg in & second herd of Angus cattle over a

period of threec years

It is unlikely that estimeted differences beiveen the weaning weights
of meles and fermales in the precent study were due to & confounding
betveen the effects of castrating males and of selection for size, e&s

-G

discussed in Cheapter 2. Differential preweaning mensegement policies

affording males a greater opportunity to realize their superior growth
potential is more likely to contritute to inflated bull-heifer
differences, particularly where beef producers are primarily engaged

in the sale of bulls, The existence of a significant interaction between
herd and sex effects in the Hereford and Angus data (Table 5.2) lends

support to this view,

II1. EVALUATION OF ADJUSTMENT PROCEDURES

A, Age of Calf at Weaning

The adjustment of weaning weights for age of calf presently employed
by the National Beef Recording Service applies the principle of Method I
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TLELE 5.7 Least-sguares estimates and means of

gsex grouvps for weaning weight

Breed I\’umber-o.f Estimate I{ean
records (kg) (keg)
Eereford:
Ceneral mean 7771 204.6 + C.6%
tales (i) 3922 14,9 + 0,37 219.5 + 0.6
Females (F) 3849 -14.9 + 0.3 183.7 + 0.6
Difference (K-F) 25.,8%*
Angus:
General mean 16666 202.,8 + 0.4
Kales () o261 12.8 + 0.2 215.6 + 0.4
Fernales {F) 7405 ~i2.2 £ 0.2 10.C + C.4
Difference (K-T) 25 6%

Stendara error

*%
P< 0,01
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discussed in Chapter 2. Birthweights of 33 kg and 28 kg are assumed
for Herefcrd and Angus calves, respectively. Following this procedure,
weaning weights were adjusted to a standard age of 200 days. Weaning
veights were also adjusted separately to 200 days of age by applying
Fethods IT and III of Chapter 2 using the estipated regression
coefficients of weight on age for each breed. Evaluation or the three
ethods of adjustment was based on the premise that age-adjusted weights
shovld be independent of age. Table 5.8 presents the pcoled and within-
subclass regression coefficients of 200-day weight on age for each breed.
Where within-subeclass regression coefficients did not explain a
significant portion of variztion in adjusted weights and did not deviate
significantly from zero, the adjusted wsights were regarded to be
indeperdent of zge. On the besis of this critericn, Fethodis II and II

I
g for

=]

were ccasidered superior procedures of scjusiment for age at weanin
the Hereford calves, whilst ilethod II only setisfied the criterion for
the Angus calves, In either breed, the sdjustment of weights for age
et weaning by the preccedure used in the National Beef Recordirng Service
(Ketnod I) was less efficient in reducing the depencence of weight on
age. The supericriiy of Methods II end III evident in Tebtle 5.8 must
however, be regarded with cauticn. Methods II and II1I, in contrast to
Kethod I, were evaluated by {heir application to data from which the

paremeters they employed hed been estimated.

An alternative basis of comparison of lMethods I, II arnd III was
also employed in which the megnitudes of the residuzl variznce within
herd-year-age of dar-sex subclasses were evaluzted. The percentage
reductions in the error variances resulting from fitting heré, year,
age-of-dam, znd sex effects, and from fitting the szme main effects
with age at weaning accounted for by lMethods I, II and III are given
in Table 5,9. In both breeds, the percentage reductions in residual
variance resulting from adjusting weights by Methods I and III were
similar, whereas the reductions after adjusting weights for age by
Method II were approximately 9 percent less than those for Methals I
and III. On the basis of these results, the adjustment of weaning
weights for age by an additive application.of linear regression of
weight on age was less efficient in reducing within-subclass residual
variation than both the multiplicative linear regression procedure and
the procedure currently employed in the National Beef Recording

Service,



TARLE 5,82 Pocled and within herd--year-zge of dam—

g

v i

Ssex regression coeflicients of 200-day

veicht ¢n axe

Fethod of adjusiment for age et weaninqa
Breed 3
No adjustment I 11 111
Eereford:

- = L) _ . -
Pooied 0,708 + C.009°  -0.09% + 0.006 0.012 + 0.009° ©.C09 + 0.008°
Vithin- o -
cub- 0.6856 + 0,009 -C.088 + 0.0C3 0,000 + 0.009 ¢.011 £ C.CC9
clacses
Angus:

Fooled 0.65C + 0,006 ~5,094 + 0,005 G.073 + C.006 0.078% £ 0.0C6
Withine .

Suke C.617 + 0.007 -C,161 + 0,006 0.0C0 + 0.006 0.014 + 0.026
classes

a

weight records adjusted for age of ¥ethods I, II and III

Standard error

P>0,05. (Regression coefficienis are noi significiant,

nor do they deviaie significantly f{rom zero).



TABLE 5,3:

85.

" Percentase reductions in error variance

according to metheod of adjustment of

. . a
veights for age at weening

¥ethod of

Breed adjustment Error mean Reductien
for age at sguare (%)
weaning
Hereford:
None 1383.6 -
iy 667.2 51.8
I1 803.0 42.0
IIiT 670.3 51.6
Arzus:
Xecne 0£0.4 -
I 537.4 44,0
11 619.2 35.
i1l 537.3 44.0

Veight records
of Chapter 2.

subclasses,

a
Error variance is

weening by Methecds I, II and III

within herd-year-age of dam-sex
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By Age of Dan

Ldjustment factors for age-of-dam effects on calf weaning weights
in the Kational Beef Recording Service employ multiplicative factors

recozmendged ty the United States Beef Cattle Records Committee Report

. 3 3 . - » v , - S
i le 2,11, £Ldjustments for age-of-danm effects on

he weaning weights of Herefeord and Axgus calves in this study were
derived from the least squares and best lineer unbiased estimztes of
age—cf~dam grcup means presented in Tables 5.4 and 5.6, respectively,
For comparisons with the Raztional Beef Recording Service, adjustments
determined in this present study, converted to multiplicative form,

are given in Table 5.10. In gereral, the estimated factors differed

from those erxpioyed in the New Zealand beef catile industry. The results

ate greater handicaps for EHereford celves out of 2, 5 and 10 years

and older dams than those accounied fer by the indusiry adjuctment
fecters. The converse appliad to Hereford calves out of 4-year-cld dazs
tors under-adjusted the reccerds of
Argvs celves out of 5-year-cld dams, and cver-adjusted pregeny records
of 3- gnd 4d-year-old dams. In countrast to EHerelord calves, the industry

acters for irpus calves out of dems at the twec exireme age groups wvere

ya

ent with these estimated in the rpresent stuvdy.

Indications of the importence of differences between estimated
edjustments and those emploved in the Netionel Beef Recordirng Service
were evalucted by expressing 2ll adjustments as additive deviations
frcm ithe mature dam sge groun. Adjustment facters of the Nztional Beef

Recording Service were applied toc the mean weaning weight of each breed

P

in order to approximate ccrresponding factors in edditive form. The
results of these conversions are presented in Table 5.11. With standard
deviations of an individual's estimated breeding valuve of 24.5 kg and 21.6
kg for Hereford and Angus calves, respectively (from p.79), differences
among corresponding adjustments amounting to less than one quarter of

these values were considered to be unimportant.

There were few notable differences between the adjustments computed
for both Hereford and Angus breeds, and those modified from the National
Beef Recording Service, Differences between estimated and modified
adjustments for Angus calves out of 3-year—old dams exceeded one quarter
of a standard deviation whilst the corresponding differences between
adjustments for Angus calves out of 2-year-old dams closely approached

this level of importance. Therefore, when modified to additive forms,
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TARLE 5,103 Mwltinlicative adiustment factors for
age-of-dam effects on weaning weights
Source of Wde of dag (veors)
Hereford: .
NRRS™ 1.18 1.10 1.05 1.00 1.00 1,00
1s° 1,18 1,09 1,04 1,02 1,00 1,01
BLUES 1,47 1,09 1,05 1,00 1.00 1,02
BLUE%I 1.19 1,10 1,04 1,01 1,00 1,02
BLUE?II .17 1,09 1,04 1,00 1.00 1,02
Anzus:
KBRS 1.15 1,10 1.5  1.00 1,00  1.00
1sP i.i2  1.08  1.64  1.03  1.00 1.0
BLUE; 1,14  1.06 1,02 1,01 1,00 1,00
B’UE?I 1,15 1,07 1.03 1,02 1.00  1.00
vLUEEII 1.15 1,07 1.03 1,02 1,00 1,00
N

Ld justment factors presently employed in the Fational Beef

Recording Service.
Adjustment factors estimated by least squares,
Adjustment factors estimated by best linear unbiased estimation.

Subscripts indicate prior adjustment of weight reocrds for age

at weaning by Methods I, II and III of Chapter 2.



Additive adius

A

tment facters for ags—of-dam

el’fects on weanings weights

Are of danm (years)

Ereed afftsizen
facior 2 3 4 5 6-9 10+
Eerefeord:
BRsY 0.7 20.5 10.2  C.0 0.0 0.0
g 33,3 17.6 8.7 5.8 0.0 2.2
ELUES 26.7 15.2 6,2 1.8 0.0 3.0
BLUEET 20,6 16.6 7.7 2.4 C.0 3.6
JU L
?LUE§II 27.4 15.1 6.6 2.0 0.0 3.4
Argus:
rEns® 25,4 20.5  10.1 0.0 0.0 0.0
1
i 22.7 15.2 7.9 5.4 0,0 1.4
BitE 25.3  i2.2  5,C 3a1 0.0 0.5
BLVE] 26.5 13.7 6.8 4.0 0.0 0.6
(] R
BLUE] 27.7 12,9 6.6 3,8 0.0 0.7
a

Fodified &adiustiment

factors presently employed in the Kational

Beef Recording Service.

Adjustment factors estimated by lezst sguares.,

Adjustment
Subscripts

at weaning

factors estimated by best lirear unbiesed estiration,

indicate prior adjusiment of weight records for age

by Methods I, II and III of Chapter 2,
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age~-of-dam adjustment factors presently employed in the IMNational Beef
Recording Service tended to account adequately for the handicaps
incurred by Hereford calves out of dams in 2ll age groups studied.

On the other hand, they failed tc accourt for the smaller handicaps
of Angus celves out of dams in the vounger age grours, particuvlarly

for calves cut of 3 year-old daams.

Applying the same comparison to the data presented by Baker et al.
1Y k¢ e al
(1974) resulted in similar conclusions. With a standard deviation of
an individual's estimated breeding value of 15.8 kg for Angus and
HJerefeord weaning weights at VWaikite, adjustment factors to a base dan
g & ’
zge of 5 years and cider, differed markedly from modified Nationzl Reef
Recording Service fzcters for adjustments applicable to cazlves out of
& J I

3 vear-old dams, From a starndard deviztion of 16,C kg for ingus weaning

weights in twe herds at Waikeria, dif

d
nodified edjusinments for calves out of 3 and 4 yeer-old dams in one hexd,

\§

B

nd 3 vear—old dems in the second herd, exceeded one quarter of 2 gtandarxd

F\J

deviaticen,

ication of adjusinent facters Tcer

&)

(o]

L)
=

L

ights has received some cttention in %h:
past., Additive adjusiments have generally been regarded to te appropriate
vhen standard deviations are equsal, whereas multiplicative adjustments
hzve been preferred when the coefficiernts of variation rescin constant.
The effects of least-squares estimated zdditive end multiplicative

-
¥

aijustrent factors on the variances of Fereford and Angus weight data
adjusted to 200 days of age by Method I are compared in Table 5,12,
Corresponding comparisons for weights adjusted for ege at weaning by
Methods II and III are illustrated in Apvendix I, Tebles I.1 and 1;2,
respectively. Under the application of additive adjustment factors,
standard deviations remain unchanged since the addition of a constant
will not alter the variance, The use of multiplicative adjustment
factors however, will alter the variance in proportion to the sguare of
the adjustment factor (Cundiff et-al,, 1666b), The expected standard
deviations resulting from the application of multiplicative adjustments
in these data were estimated in Table 5.12 by multiplying the adjustment

factor by the observed standard deviation.

Bartlett's test (Sokal and Rohlf, 1969) for hormogeneity of variance
indicated that for each breed, unadjusted and adjusted varisnces differed

significenily among age~of-dam groups, except where weights of Hereford
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TARIE 5,12 Standard devistions (SD), coefficients of variaticn

(CVQﬁaﬂd exvected stonderd deviations of weaning

weights afler adjustment for ase of dam by Jeast-

souarse derived factors

Age of . fdditive Haltinligqthe'
ozl cem _ d.f.° SO CV  Factor Adggsted Factor A“ggs“ea
(vears) (xe) (&) () (1)
Eercford: 2 gon 24,2 13.3 33.3 24, 2% 1,18  23,6%%
> 1232 22,8 1.5 17.6 224,8% 1.09 24 ,8%%
& 1885 25,1 i To 8T 2%.1% 1.04 DA, O%*
5 839 22, 10.4 3.5 22,0% 1,02 22 4%%
6-9 2255 2kt $1(0) 5] 0.0 21,7% 1.00 21.7%%
10+ 584 22.9  10.7 2.2 22,0% 1.01  23,1%%
Hean adjusted SD 22,8 &4
Range 2.5 6.5
& 0.9 2.5
sngrs: 2 366 24,7 1344 2. 24, T#% 1.2  27,7%%
> 2455 12.1 8, 3 9.2 18, 1%% 1.08 19, 5%%
4 2178 15.1 9.4 7.9 19.1%x 1,04 19,0%+
5 1804 1950 9=6 5.4 19, T 1,03  20.3%%
6-9 5262 i< Wi 9.3 0.0 19, 7%* 1,00 19, 7%«
10+ 1908 2.9 9.9 1.4 20.9%% 1,01 21.1#%
Iean zdjusted SD 20.4 21,3
Renge 6.6 8.2
SD 2.3 = G2

Weights adjusted to 200-deays of age by lethod I of Chapter 2,
Degrees of freedom for estimates of variance.
0.05 > P>0,01

*%
P<0.01
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calves had been adjusted for zge by HMethod III and for age of dam by

additive procedurss (Table 1.2).

The wnadjusted standard deviations in Table 5,12 indicated that
Hereford end Angus caives out of 2-year-old danms varied more in 20C-day

veight than those out of older dams., There was 1itt

L
ok
l-.l
=
3
~4d
, s |
{5 o
;
o
=
O

reduction in the variability of 200-day weights from 3-year-old dans to

oider age groups. In Table £.,12, the expected standard deviations after

adjustment of 200-day weights for age of derm by additive procedures

displayed a range of 2,5 kgand 6.5kg with 2 stendard deviation of 0.9 kg and
b S

2.5 kg for Hereford and Angus weights, respectively, Adjustzent for age

of dam b multiplicative procedures indicated that both the ranges for

Hereford and Angus weights (6.9 ¥z and 8.2 kg) and the standard
AY SN
deviations (2.5 kg and 3.2 k) were grester then those resuliing from

data adjusted for these efiects, vere examined. Table 5.15 presents the
percentage reductions in residual varience for each breed, vhere weights
were acjusted for age of calf by Hethod I, and for age of dem by factors
enployved in the National Beef Recording Service and ty factors obtained
in this study. The correspending reductions after adjusting weights for
age by Methoés II and III and for age of cdam as sbove, are given in
Appendix II, Tables II,1 and II.2, respectively. The results in Table
5.13 indicate that in both Breeds, the application of zdditive adjustment
factors for age-of-dam effects resulted in a 3 to 4 percent greater
reduction in residual variance within herd-year-sex subclasses than with
the application of multiplicative factors. Under the assumption that
comparicons are likely to be made within herd, year and sex subgroups,
present results indicate that after adjustment for ege at weaning,
adjustment for age-~of-dam effects by additive procedures tends to be more
appropriate than adjustment by multiplicative procedures. The results
presented in Tables II.1 and II,2 in Appendix II lead to similar con-

clusions,
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TATLE 5,132 Fercentare reductions in error varicnce

according to method of adiustiment for

a
gge of dom

Source ¢f Additive Fultiplicative
Ereed adjustment  BError mean Reduction Error mean Recuction
factors square (% square (<3)
Ferefora :
No edjustment 1459,5 - 1459.5 -
al
KBRS 764.9 47.6 820.6 43.8
1s° 758.5 48.0 818.0 44.0
BLUES 759. 1 48.0 814.9 44,2
s o -
B_l;(}f‘_'.r.r (D&ob ASQO 82403 43-5
I -
BLUL . 728.9 £3.0 815.8 44 .1
11T
Avzusse
To adjusizment 998.0 - 9%9€.0 -
RS 613.5 %3.5 647.9 35. 1
1s® GO1.1 39.8 637.1 36.2
a
BLUES 601.8 39.7 631.4 36.7
BLUES 601.7 39.7 635.6 36.3
a
E 02, 59. 35. 6.
BLDLIII £02.2 29.7 635.8 36.3
a

Weights adjusted to 200 days of age by lethcd I of Chapter 2,

Error variance is within herd-year-sex subclasses,

b Adjustrent factors employed in the National Beef Recording Service
¢ Adjustment factors estimated by least squares.
d

Adjustnent factors estimated by best linear unbiased estimation.
Subscripts indicate prior adjustment of weight records for age

at weaning by Hethods I, Il and III of Chapter 2,



C. Sex of Calf

The HIational Beef Recording Service does not directly employ
standardized adjustment factors for sex of calf, provided that at

s the

b=

least 20 animals of each sex have been recorded., Vvhen this

'..J

case, the ¢iffzronce between the sverage Z00-day weight of ecch sexz
is added to the 200-day weight of each heifer, In cases where fewer
than 20 animzls of each sex are recorded, &n assuned difference of
11 kg is added to the 200-cday weight of each heifer, In contrast to
the reccmrendaticns of Koch et sl. (1959), Erinks et et al, (1961), the
nited States Beef Cattle Records Committee Report (1955) and the
Beef Imprcvement Federation (1972) fer multiplicative adjustment factors
for sex of cali, the Hational Beef Recording Service applies adjustments
fer s=x additively

The effecis of least-sguares estimated additive and multiplicative

sex adjustment fecter the variances of Hereford and Angus weight

4]
o
=
i

data, adjusted for age at weaning vy Hethed I, are compared in Table
5.14. The recults for veightis a2djusted for age at weaning by Hsthods
11,1 erd II1.2, Tespvectively.

the existence of an inportant interaction betvrecn hexd
£

ollowing results for the

Bartlett's test (Sokel axd Rohlf, 1969) for homogeneiiy of
variances revealed thet in both breeds, males were significently more
rerieble in 200-dzy weight than females. IMultiplicative adjustment
for sex significantly reduced the differences in the varianccs of the
two sexes for Herefords, where vegning weights had been adjusted for age
by Methods I &nd I1II1.  Reduced differences in the variances of males and
females remained significant however, for Herefords where weights had
been adjusted for age by Method II, and for Angus where weights had bcen
adjusted for age by Methods I, II and III. Despite the failure of
multiplicative sex adjustment factors to fully equalize the variances
in most cases, the resvlts present in Table 5.14 and Tables III.1 and III.2
suggest that variances were more nearly equalized under multiplicative,
rather than under additive adjustment methods. Examination of the sub-
stantially similar coefficients of variation in each of the above-
mentioned three tables also suggests that the adjustment of weights to

a male basis is more appropriate with multiplicative factors,



TATIE 5,14: Standard deviations (SD), coefficients of

£

arieticon (CV} and expected standard deviations

o

of weaning weizshts after adijusiment for sex of

o

calf br leact-crucreg cerived ;actorsa
b Additive Inltinlicative
B === = SD - 3 u=zt
Breed ex det, (kg) (042 Factor Adgusted FactorAd3g5°ed
VNG {"’r .
g)  (kg) (ke)
Eereford:
Maje 3183 21812 11.0 0.0 24, 2%* 1.00 24,2
Female 3137 20,5 10.8 23.8 20,5%* 1FI6 2317
Anzus:
liale 7860 25 9] 9.8 0.0 1.0%% 1.00 21.0%%
Pemale 6113 ierel@ 9.4 2L, 6 178" 1.13 20,2%*%
a

Weights adjusted 4o 20C days of eage by Method I of Chapter 2,

n

Degrees of freedom for estimztes of varierce.

¥* P<L0.01,
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Further evaluation of the least-squares estimated additive and
multiplicative adjustment factors for sex with the adjusiment procedures
exployed by the Kationzl Beef Recording Sexrvice, was based on comparisons

£ the reductions in residual variances within herd and yeer subclasses

after adjusting weights feor age, 2re of Gam aud sex of celf.

he percentage reducticns in residual variance
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for each breed, in which weights have been adjusted for age of calf
dan by factors employed in the HNational Beef

ervice and by additive factors estimated in this study,
i |

and for sex of cal y Fational Beef Recording Service procedures and
by estimated additive and muitiplicative faciors. The corresponding

recductions after standardizing weights for age by Method IIT only, are
given in Aprendix IV, Table IV.1. The resulis in Tedble 5.15 indicate

4 7o)

that meltiplicative adjustment of 200~-cay weights out of meture dams
s

within herds and years then additive adjustments, by approxzina

5 e vercent, Additive adjuvctrent of records

in this present study coniributed tc a 2 o 3.5 percent grezter re

b 4
in recidusl veriance than that resuliiting from additive adjusiment by the
<
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Selecticn based on weaning records within herds reguires accurate
adjustments for zge at weighing, age of dam and sex cf cealf in combination,
such that the amount of vnezpleined wariation within yezrs is rminimized,
Despite the tendency of variances within sex groups to equilibrate under
rultiplicative sex adjustzent procedures, when combined with dwustmenus
for age and age of dam, a larger proportion of residual variation within
herd-year subclasses remained unaccounted for comvared with additive sex

adjustment procedures.



TABLE. 5,18 Percentage recductions in error variacnce according to method of adijusiment

8
for sex of calf

Source of dam BRS® Additive’ Multiplicative
Breed ad justment Error mecan Reduction Lrror mecan  Reduction Error mean  Reduction
factors gquare (%) cgvare (46) square (55)
Hereford: No adjustment 1680,0 - 1680,0 - 1630,0 -
NBRS® 794 ,1 52,7 7243 56,9 827.0 50.8
5" 729.7 5646 669.5 60.1 765,72 54,4
BLUES 730.1 66 669.5 £0.1 76347 54,5
BLUE%II 730.1 56.5 662.5 60.1 763.8 54,5
Angus: No adjustment 1150.4 - 1150.4 - ; 1150.4 -
NERS® 611.0 46.9 5682, 5 49.4 641.1 44.3
IE 563,7 51.0 539.7 53, 1 593.0 48.4
BLUE] 564.,0 51.0 540.0 53,1 593, 4844
BLURS 564.,6 50.9 540.6 53,0 594.0 48.4
III
e Weights adjusted to 200 days of age by Method I of Chapler 2, Irror variance is within herd-yeanr subclasses,
E Adjustment factors presently employed in the National Beef Recording Service,
- Adjustment factors estimated by least squares.
d

Ad justment factors estimated by best linear unbiased estimation., Subscripts indicate prior adjustment

of weight recorxds for age at weaning by Methods I and III of Chapter 2,
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CEAPTER 6

CCKCLUDING DISCUSSION

= 5

Yor ¢ given ecorczically izpcriant treii in beel catvile, tre
measured performance of each animal is the result of its heredity and
the total envircnment in which it is raised. Xnowing the important
environmental influences, and adjusting records of performance for these
effects, breeders may rank individuel animals more accurately on their
ectimated additive genetic value for a specified trait. The preceding
analyses have involved the estimation of the effects of age, age of dam,

exd sex on the weaning weights of Eerceford and Angus calves, Approprizte

o

cjugtrment facters for these effects were also deternined, and compared

-t

7ith those presently emrloyed in the Netioral Beef Reccrding Service.

>

Initial analyses indiceted that age, sge-of-dam, and sex irnfluences
contributed mariedly to the variation in weaning weights., Exemination
of the first-order irteracticns emong herd, year, age-of-dam, and sex
efTects further indicated that on the basis of their individuvel levels
of significance, generalizoticn of the results wouid be limited. On the

other hand, the propecrticnaie centridutions of individual interections

ct

o
total variation in wearing weights, relative to the contributions of the
main environmental effects, were negligible in rost cases, althcugh
results did illustrate the importance of the herd x year interaction in
the Hereford data, and of the herd x year and herd x sex interactions

in the Angus data. The exzistence of an interaction between herd and

vear effects served to indicete that weight comparisons should be_made
within herds and years, Atiention hes been drawn (Chapter 5) to the
limjted application of a generalized sex adjustment factor to the weaning
weights of Angus calves over the herds in these data, The level of
management in beef enterprises primarily engaged in the sale of bulls,
could be expected to be such that the fullest opportunity is afforded
male calves so that they may express their superior growth potential.

The degree with which this management policy was carried out before
weaning in these data, appeared to be more variable among Angus herds
than among Eereford herds,

Results of the evaluation of age-of-calf adjustment procedures,
involving additive (Method II) and multiplicative (Method III)



epplicaticn of linear regression of weight on age, with tke procedure
erployed in the National Beef Recording Service (Method I), were
variable. Adjustment for age by Method I wias relatively less efficient
than adjustment by Fethads II and IIT in reduvcing the dependence of
weight on age in the dete studied. OCOn tkhe ciker hend, Fethods I anc
I1I were more efficient than Methcd II in reducing the amownt of
residual variaticn within herd, year, age-of-dam, and sex subclasses,
In terms of the potential application to vweaning weights recorded uvnder
the National Beef Recording Sexrvice, present resulis have indicated
the suitability of adjusting for age of calf by multiplicative
proceduras employing linear regression of weight on age. If the
svperiority of Method III over Method I in reducing the deperndence
cf weizght on age is treated with some reserve, for reasons outlined
in Chapter 5, it covld bve concluded that the present adjustment
rrocedure in the Natiorzal Beef Recording Service cey, at leazst, be as
fficient as the multiplicative linear zdjustment method in accounting

for the effects of age on weignt at veaning.

Concideration has bteen given (Chapter 2) to the bieses inherent
in the estimation ¢f age-cf-danm effects on weaning weights by least
sguares procedures, wher e selection of dams on performance is operating.
Discussion t00, has cutlined the suitability of best linear unbiased
estimaticn procedures to the estimstion of age-of-dan influences free
fron eny effects due to selection. As R.H. Killer et al. (1956) have
noted, even if dems were not selected cn performawce, best linear
unbiased estimates of age effects were rore efficient than least squares
estimated because they were based on differences between cows as well

within cows, ) . &

" The results have indicated in general that adjustment factors for
ege-of-dam effects estimeted by least squares procedures, tended to
differ fron those estimated by best linear unbiased estimation procedures,
and that the adjustments derived by both procedures differed from those
used in the NationalfBeéf Recording Service., Eowever, following the
criterion of comparison of Lush and Shrode (1950), from Chapter 5,
the differences between adjustments derived by least squares and by best
linear unbiased estimation tended to be relatively unimportant, implying
either ineffective or non-existent selection of dams on performance, On
the same basis of comparison, ege-of-dam adjustment factors determined in

the present study generally did not differ markedly from those employed
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the National Beef Recording Service, with the excepticn of factors

anpliceble to Angus calves out of J-ycar-old dams.

Exzaination of the variances within age-cf-dexz grouvps, and of the

reducticns in residual variences within herd, year, ard sex sub-

ciasssg, hos suggosted the appiication of add

fectors in these daia, rather than muliiplicative application,
centrast, zge~of-dam adjuctients in the Netiom

errloy nultipiicative apriicnticon, The recommendeatio

zdiustoments from the present results is in agreement with the conclusicns

shed reports {Frestcn and Wi
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In considering vwhetlrer additive or mulitiplicative adju ent
fzctors for sex were cultlable, nresent sults varied, 1fultiplicatiwe

than additive adjusiments, althous Kok

cffective in reducing ithe zmount of residusl varisnce within herd-year
subelasses., It hss been noted in Chapter 5 thoet in within-herd
selection situations, the most suitable ad tment for sex is that which,
in combiration with adjusiments for age and age of dam, minimizes the
amovat of unexplained varistion within hexds end years. On the basis

of this terion, present resulic indicated that additive sex

adjustrent factcrs were more aprrepriate than multiplicative factors.

This cenclusion dees not agree with most of the publiched reports
considersd in Chapter 2, vhere multigplicative factors have generally

been preferred on the basis of eguzlization of means between sex groups,
and of variesnces within sex groups (e.g., Koch et & et al.,, 1959; Brinks

et al,, 1961; Cundiff et el., 1966b), Schaeffer ard Wilton (1974b)
however, concluded that the preweaning average daily gain recoris of
Angus and Hereford calves should be additively adjusted for sex of calf,
sirmultaneously with additive adjustments for age of dam and, if necessary,

for preweaning management (creep— versus ncn-creep feeding).

In the present study, the estimated additive adjustments for sex
tended to reduce the amount of within herd-year residual variance to a
slightly greater extent, than the additive procedures employed in the

National Beef Recording Service. This would indicate the need to
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reappraise the current sex adjustment procedures, at least for the
weaning weights of Hereford calves, if a generalized adjustment for
sex is desired., The existence of an important herd x sex interaction
in the weaning weights of Angus calves ir these datz limits the
rplicability of a generazlized adjustment for sex. On this basis
therefore, the additive adjustiment procedure for sex currentily

the National Beef Recording Service may be concluded to

be adeguate for Angus calves.

Baker et a1.{1974) provided the first set of estimated adjustments

for age and age of dam, &applicable to the wearing and postweaning
recoxrds of teef cattle in New Zealand. These authors concluded that

the present adjusiment procecures in ithe azticnal Beef Recording Service
D

o

warranted "...fvrther study and perhaps sore rea

Phe; isel.!

With data on Hereiord aznd Angus calves drawn from a rénge of herdgs
and environmentis in New Zealand, the present atudy has endeavoured to
fulfil this reguirement in relztion to weaning weights, assessing the
velidity cf present adjustment procedures and determining the relative

cztive applications cf such ad jusiments,
Censiceration ¢f the suitebility of present adjusiment procedures in
relation 1o postweaning weighis is also ecimowledged to be necessary.
Such en investigntion ic cuvrrentiy in progress for 18-month weights of

rded in this thesis.
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Hereford and Ang
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APPENDIX I

TADLE I.1: Standard devieticns (SD), coefficients of variation

KCV) and expected standard deviations of weaning

weichts after adijusiment for are of dem by least-

scuzres deriveed foctors®
Age of 5 £dditive Iultiplicative
el dem a.f. SD cv Adjusted Adjusted

(years) (k=) Factor  SD Factor SD
(kg)  (ks) (kz)

Hereford: 2 327 26.5 14.5 33.3 26,5% 1.18 31, 5%%

3 1232 24.8 12,5 17.6 24.,8% 1,09 27,0%*

4 1085 24.1 1 ] Bl 24 ,1% 1,04  25,2%%

] 839 2%.8 2 8.8 23,8% 1.02 24 ,2%*

6-9 2255 23.7 1.0 0.0 23, 7* 1.00 23,7*%

10+ 584 23.4 10.9 23 23.4* 1,01 23,6%*
Mean adjusted SD 24 .4 25.8
Range 3.1 7. T
sD i1 3.0

fngus: 2 366 22.4 1.9 oI 22,4%* L2 215 ] oo

3 2455 19.5 959 1552 1.9, 5% 1.08 21,0%*

4 2178 20.3 9.9 163 20,3%* 1.04 21,1%%

5 1804 21.1 10.2 5.4 21, 1%* 1,03  21,7*%*

6-9 5262 2405 10.2 0.0 21,5%* 1, Q0 24 5%E

10+ 1208 23.4 1.1 1.4 23,4 %% 1,01 23 ,6%x
Mean adjusted SD 21.4 22.3
Range 3.9 4
SD 1.4 1.6

Weights adjusted to 200 days by age of Kethod II of Chapter 2.
Degrees of freedom for estimates of variance,
0.05> P> 0,01

*%
P<0,01



TABLE I,2: tandard deviations (SD), coefficients of variation

(CV) and expected standard devietions of weaning

weichts after adjustment for age cf dem by least-

. a
socuares derived factors

hge of Aéii?%ve. Evltin}i;ative

Ereed (;ﬁrs) a.f£.° (iZ) % Factor AQJggted Factorndmsl;ted
N (kg)  (ke) (ke)

Eereford: 2 327 24.3 13.4 33.3 24.3 1.18 28.8**

3 1232 22.9 1.6  17.6 22.9 .09 25,0%%

4 1085 22.8 11.0 8.7 22.8 1,04 23,8%%

5 839 22,0 10.4 3.8 22.0 1.02  22,4%%

6-9 2253 22.1 0.2 0.0 22,1 1.00 22,1%*

10+ 584 23.1 10.8 232 23.1 1,01 23.3**
Mean adjusted SD 22.9 24,2
Rarge 2.3 6.7
SD 0.8 2.5

Angus: 2 366 23.9 12,7 22.7 e 1.12  26.8%%

3 2455 8.5 9.4 15,2 MGy e 1.08  19,G%*x

4 2178 19.3 925 7.9 19,5%* 1.04 20.1#%*

5 1804 1) 9.6 5.4 19.8%% 1.05 .20,3*%*

6-9 5262 2C.1 9.5 0.0 20, 1%* 1.00 20,1%x%

10+ 1908 21.5 10.2 1.4 2l gz 1,01 2ilpa e
Mean adjusted SD 20.5 2115
Eenge 5.4 - 6.9
SD 1.9 2.7

a

Weights adjusted to 200 days of age by Method III of Chapter 2,

2 Degrees of freedom for estimates of variance,

*%
P<o0,01.
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APPENDIX IT

A - o 0 &
TAELE IT1.1: Percentage reductions in error variance

according to rethed of adjustment for

age of dama
Source of Additive _ Fultiplicative
Breed adjustment Error mean Reduction  Error mean Reduction
factors square (%) square (%)

BEereford:

Fo edjustment 1459.5 - 1459.5 -

nBrsP 018.9 37.0 987.9 32,3

Ls® 913.4 37.4 985.5 32,5

BLUE% 916.8 7.2 0g2.8 32,7

BLURT 2149 37.3 992.2 32,0

BLUE%TI 916.4 .2 983.8 32.6
Argus:

Yo acdjustment ¢98.0 - g98.0 -

I'ERSP 708.2 29.0 747.4 25,1

1s® 692,0 30. 1 738.4 26.0

BLUEi 700.4 30.0 732.6 26.6

BLUE%I 699.1 30.0 736.73 26.2

4

BLUE 11 €99.9 29.9 736.4 26,2
a

¥elghts adjusted to 200 days of age by Kethcd II of Chapter 2,

Error varience is within herd-year-sex subclasses,

U kdjustment factors employed in the National Beef Recording Service.
¢ Adjustment factors estimated by least squares.
d

Adjustment factors estimated by best linear unbiased estimation,
Subscripts indicate prior adjustment of weight records for age
at weaning by Methods I, II and III of Chapter 2.
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TABLE II,2: Percertage reductions in errcer variance

accerding to methcé of adjustment for

age of dam?

Seusa) [of Agditive Kultiplicetive
Breed ac jusizent Error mean Reduvction Error meen Reduction
factors o of
square (%) sguare (%)
Hereford:
No adjustment 1459.5 - 1459,5 -
ERS” 769.6  47.3 825.5 43.4
s’ 762.9 47,7 822.0 e I
s
BL E 764 .1 47.5 819.4 43,9
BLOED 763.5  47.7 828.4 43.2
sruE 763.9  47.7 820.3 43.8
TIT
Angus:
Ko adjustment 998.0 - 968.0 -
BRS? 615.4 365 650.7 4.8
¢ 604.5 39.4 641,1 35.8
BLUE% 605.9 39.3 635.6 36.3
BLUE%I 604.9 39.4 639.0 36.0
g2 30
BLU.JH.I 605.4 30.3 639.1 ' 36,0
a

Weights edjusted to 200 days of age by Kethed IITI of Chapter 2.

Error variance is within herd-year-sex subclasses.

E Adjustment factors employed in the National Beef Recording Service.
¢ Adjustment factors estimated by least squares.
d

Adjustment factors estimated by best linear -unbiased estimation.
Subscripts indicate prior edjustment of weight records for age
at weaning by Methods I, IT and III of Chapter 2,
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ATPPENDIX III

TABLE IITI.1: Standard deviations (SD), coefficients of variation

LQV) end expected stendard deviations of weaning

weights after adjustment for sex of calf bv leact-

Ldditive Fultiplicative
3 Adjusted Adjusted
Breed Sex d.f. SD CV  Factor <D Factor SD
(kg) (xg) (k) (kz)
Hereford :
Male 3183 26,3 12,0 0.0 26 ,3%* 1,00 26
Female 3137 21,7 11,5 29,8 21,7%* 1.16 25512
Angus:
Male 7860 23.0 10,7 0.0 23,0%* 1.00 23,0%%
Femzle 6113 18.7 6.9 25.6 18, 7** 1,13 21, 5%%
e Veights adjusted to 200 days of zge by Method II of Chapter 2,
b . . = :
Degrees of freedom for estimetes of variance.

* 0.05>P>0,01

** P< 0,01



TABLE JII.2: Standard deviations (SD), ccefficients of variation

KQV) and expected standzrd devictions of weaning

veizghts after adjustment for sex of calf by least-

. . a
scuares derived feciors

4dditive Multiplicative

b LG justed £d justed
Breed Sex d.f. SO CV Fector SD Factor SD
(kg) (kg) (kg) (xg)

Hereford:
31&18 3‘183 24@ 11.1 0.0 2405** 1.00 2405
13

Female T 26,5 10.8 26.8 2080 1.16 23.7

Argus: - .
7 Male 7860 21,5 9,9 0.0  21,5%% 1,00  21,5%x
Female Gl 7. Skl 255 17.,9%* 1.13 20, 5%%
8 T 5 +6 O & £ Tethold TT o~
Weights adjusted to 200 ceys of ege by Kethod IITI of Chapler 2.
b )~ e W .
Degrees of freedom For estimestes of variszace,
*¥*

2¢ 0.01



TABLE IV,.1: Percentage reductions in errpr varisnce according to method of adjustment

a
for gex of calf

Source of dam NDRS? Additive: Multiplicative®
Breed adjustment Error mean  Reduction Error mean  Reduction Error mean Reduction
factors square Gﬁ) sguare (5 square (%)
Heraford: No adjustment 1680.0 - 1650,0 - 1680,0 -
NBRS? 797.0 52,6 727.0 56,7 827.6 50,7
Ls® 732,6 56,4 671.9 60.0 765.5 54,4
BLUE% 733.6 56.3 672.6 60.0 764.8 54.5
BLUEC%II 733.5 56,3 672.4 60.0 764.,7 54,5
Angus: No adjustment 1150.4 - 1150.4 - 1150.4 -
NBRSP 610.7 46.9 580.4 49.5 637.4 44.6
IS’ 564.7 50.9 538,73 53,2 590. 2 48,7
BLUEi 565.7 50.8 539,3 53,1 591,3 48.6
BLUE%II 565,73 50.9 538.9 53,1 500.9 48,6

AT XTIQhEd

Weights adjusted to 200 days of age by lcthed III of Chapter 2, Error variance is within herd-year
subclasses,

Adjustment factors presently employed in the Naticnal Beef Recording Service,
Adjustment factors estimated by least squares.

Adjustment factors estimated by best linear unbiasad estimation. Subscripts indicate prior adjustment
of weight records for age at weaning by lMethods I and III of Chapter 2.
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