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ABSTIL\CT 

From the files of the Bee f  Cattle Height Gain Perfom.ance 

Recording Scheme of the Ne·.·r Zealand Heat Producers Boa..-r-d. and the 

Ne�·r Zealand 'Jo.)l Board, the 1·Teani.l1.6 •·:eights of 7771 Hereford C[!lves 

born in 18 herds , and 16666 Angus cal ves born in 37 herds, �ram 1964 
to 1972, 1fere a.'1.alysed. Objectives of the study involved estimation 

of the effects of age a nd sex of ca lf , and age of dam, in order that 

methods of e.djustment currently used in the National Beef Recording 

Service for these en vironmental i::llluences could be evaluated. 

Each calf >:·ras classified ac cording to herd, yea r of birth , age-

ii 

of-dam grot;.p, and sex, �'l"itn age at w·eaning as a covariate. The data 

w·ere analysed within breeds by least squares to investigate the main 

effects of t�ese five factors 2nd th8 first-order interactions among 

herd, year , age-of-dam group, �11.d sex effects. The importance of each 

interaction "IYaS examined by comparing the proportionate reduction in 
intra�c�s residual variat ion after all �ain effects had been fitted. 

The results of the analyses of main effects indic2.ted that for 

each breed, all effects contributed to noTe than a 2 percent reduction 

in int:L'a-Cbss residual variance. The res�; l.ts of th� interaction 

analyses shoHed that only the herd x year interaction for Eereforcl 

cal ves , ar.d the herd x year and he� x sex inter�ctions for P��gus calves, 

contributed t o at least a 2 perce:1t reduction in residual va riance after 
all main effects h�d been fitted. 

\vi thin-subclass linear regre 3s io::J. coefficients of uaigh t on age 

at 1•reaning for Hereford and Angus calves, vrere 0. 70 ± 0.01 a.:.J.d 
0.62 ± 0.01 kg/day, respectively. Least-sqt�res estima�es fo� sex 

indicated that the viea"rl.ing >feights of Hereford and Angus males Her� 

heavier than those of females by 29.8 and 25.6 kg, respectively. 

Est ir::ate s for age of dam indicated that the >veights of Hereford 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 correspondL� 

deviations for Angus calves were 22.7, 15.2, 7.9, 5.4 and 1.4 kg. 

Estimates for age-of-dam effects >·rere also obtained b:,.· b est linear 

unbiased estimation proceduxes from the records of 7698 Hereford c alves 

out of 2901 dams, and 14198 �Jlgus calves out of 5086 dams. Differences 
in the esti.�tes of deviations of non-mature from mature da11 age groups 
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derived by least squares and by best linear unbiased estimation, were in 
general relatively small. 

In relation to the procedure currently used in the National Beef 

Recording Service, alternative adjustuent procedures derived for age 

at '\'leaning involved additive and multiplicative applications of linear 

regression of weight on age for e�ch breed. The current procedure, for 

both breeds, �·ras the least effective in reducing the dependence of 

adjusted vTeight on a.ge, whilst the procedure addi tively applying linear 

regression of 1.;eight on age vras the least effective in reducing L"ltra­

class residual variance. 

AdjustQents deternined for age-of-dam effects by least squares and 

by best linear unbiased estimation, 'lvere consi dered to differ only 

slightly from current industry adjustment factors, tvith the exception 

of factors applicable to Anoc-us calves out of 3-year-old dams. Examination 

of the variances within age-of-dam groups, and of the reductions in 

residual varia.."lces Hithin herd-year-sex subclasses, indicated the 

applicability of additive, rather tha"l multiplicative , adjustment 

factors for each breed. 

Comparison s  of additive and multiplicative adjustoent factors for 

sex effects 1vere varie<i. I-l:ul tiplicative adjustments vrere more 

appropriate in equalizing variances ivi thin sex groups, whilst additive 

adjustments 1-1ere more appropriate in reducing residual variance '.vi thin 

herd-year subclasses. 



ACKNO''TLEDGNE:NT S 

It is with pleasu:re that the author records his d eep respect and 

sincere appreciation, for the ir�valuable guid::mce and. assistance of 

his S1.l.pervisor Professor A. L. Rae, in all aspects of the study. 

Gratitude is also expressed to nr R.A. Barton for his sound 

advice in the preparation of the manuscript , and to Mr R.D. Anderson 

who generously gave of his time in discussion on many occasions. 

iv 

The assi stanc e of the staff of the Nassey University C omputer 

Unit, and particub.rly that of if.r L. '.1. Pea:rson of the Cornpute:r- Science 

Department, is gratefully acknowledged. 

Than.lrn are extGnded to T1r J. �{. Stichbury of the Farm Production 

Division of the Ne>f Zealand Dairy Board., for his making available the 

data used in the study, and to Nr R.E. Hagnusson, Hs J.�·I. Hart and 

}� C. Jones for their h3lp in editing and assembling these data. 

l·�s E. Self and Nr-s E.J. Farrell y typed the manuscript skilfully 

and they are sincerely thanked. 

To his ><life Lyru""le, the author o�·res a continuing d�bt of gratitude 

for her patient understanding and her en�ouragement throughout this 

work. 

The Combined Beef Breeders' Research Co�ittee provided financial 

support to cover most of the computer costs. This contribution is 

appreciated. 



TABLE OF CONTENTS 

Chapter Page 

2 

3 

ABSTRACT ii 

ACRlfO:VLEDGENS1"'TS iv 

LIST OF TABLES vii 

TITTRODUCTION 

REVIE�·/ OF LITERATURE 

I. 
CRIT:ffiiON OF SELSCTIOi:T IN BEEF CATTLZ 

II. S0?-1:8 FACTORS AFFECTnTG ::fEAlUNG �'iEIGHT 
TIJ Bl::d•' CATTLE 

A. 

B. Sex of Calf 

4 

4 

9 

9 

11 

(1) Interactions involving sex of calf. 14 

D. 

E. 

Age of Dam 1 5  

I • ' \.: J Hilk prcduction and l!labrnal ability 18 

in relation to age of d�. 

(2) LJ.teractions involvir.g age of dam. 19 

Year of Birth 

( 1) Interactions involving year of 
birth. 

Herd 

(1) Interaction3 involving herd. 

21 

22 

23 

24 

III. THE AD.JUSTI1Ei-I'T OF \'lEANING WEIGHT RECOP.DS FOR 24 

E?TVIROUI·�TTAL EFFECTS 

A. Adjustment for Age of Calf at Uea11ing 

B. Adjus��nt for Sez of Calf 

c. Adjustment for Age of Dam 

H1'THODS 

I. LEAST SQUARES AUALYSES 

25 

33 

34 

46 

46 



Chapter 

4 

5 

6 

A. 

B. 

Estimation of Thin Effects Excluding 

First-Order L�teractions 

Estiillntion of First-Order Interactions 

II. BEST LINEAR UNBIASED ESTIHATION At\fALYSIS 

A. Development of the Nixed Nodel Solution 

B. The Nixed Nodel Solution Applied to Nodel 

(3.12) 

c. Estination of Variance Components 

D. Estimation of Age-of-Dam Effects 

DATA 

I. SOURCE OF DATA 

II. DESCRIPTION OF DATA 

RSSULTS .�D DISCUSSION 

I. HAIH l<.:;:'!'':!:CTS !JTD II:TERACTIO:'TS 

A. Reg:::ession of lfeight on Age 

B. Age of Dan 
( 1 ) Best linear ��biased 

of age-of-d� effects. 

c .  Sex of Calf 

II. EVALUATION 0:5' ADJUSTr·lE�� PROCEDURES 

A. Age o f  Calf at ifeaTling 

B. Age of Dam 

c .  Sex of Calf 

COITCLUDING DISCUSSION 

APPENDIX I 

APPE.l>l"DIX II 

APPENDIX I II 

APPE1IDI.X IV 

BIBLIOGR.t\PHY 

46 

53 

55 

58 

59 

60 

64 

68 

68 

69 

71 

71 

75 

75 

7.-y 'I 

81 

81 

81 

86 

93 

97 

101 

103 

105 

107 

108 



Table 

2.1 

2.2 

2.3 

2.4 

2 . 5 

2.6 

2 .7 

2 .8 

2.9 

2 .10 

2.1 1 

3.1 

3.2 

LIST OF TABLES 

Published estimates of the heritability of 

weaning >veight in beef cattle. 

Published genetic and phenotypic correlations 

of >·Tea.."'l.i...Tlg vTeight 't7ith postweaning '"eights and 

gai...11s in beef cattle. 

Published estimates of the repeatability of 

>vea."!ing >vei.ghl; in beef cattle. 

Published estimates of the S'.l:periority of males 

over females in the ;·leaning >veights of beef calves. 

Published estinates of the effect of age of dan on 

the Hea.."ling ueights of beef calves. 

�blished estimates of phenotypic correlations 

beh1een dam milk prcxiuction azl.d calf >·rea:ning 

w·eight i...Tl beef cattle. 

vii 

5 

7 

8 

12 

17 

20 

Published estima:bs of lineL�r regression coefficients 30 

of Heaning veight (!rg) on ag� at ••ea.."ling (days) in 

beef cs.ttle. 

Regression of ::ea.."ling ':ieit:;'ht (y) on age at Hcc.ning 
(x) withi..."1 farm, year, a.!"1C. month of birth. 

�.1blished multiplicative and additive aJjustment 

factors for sex of calf on the 1'!eaning �.;eights 

of beef calves. 

31 

35 

Ad.di tive adjustment factors for age of dam on ;.Je.:ming 40 

lieight obtai.."'l.ed by Gross Conparison, Paired Comp.:1rison 

a"'l.d Combined procedures. 

Published additive and multiplicative adjustment 

fact ors for age of dam on the >reaning i·:eights of 

beef c::tlves. 

GroupL"lg of dao ages for age-of-dam clas ses on 

calf weaning weights. 

Models employed in 1'1'ithin-breed least squares 

estir�tion of main effect s for individual first-order 

interactions. 

44 

47 

54 



Table 

3.3 

4.1 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

5.10 

Equations absorbed into remaining main effects 

and the rcstri ction.3 subsequer:tly imposed to 

solve the normal equations for e ach i..�teraction 

analysis. 

numerical description of data extracted from the 

Beef Cattle i'leight Gain Performance Recording 

Sc�ene (1964 to 1972). 

Analyses of variance of the !:lain effects for 

\feani..J.g vreights. 

Nean squares of f irst-order bter:J.ctions fitted 

individually with main effe ct s for Heaning ifeights. 

Percentage reductions in er:ror variance due to the 

individual fitting of main effects and first-order 

interactions. 

Least-squares estioates, means and mea� differences 

fro:rr mature da.ns of a.ge-of-da:a 5701.<ps for •·rea..'1ing 

weight. 

Estiwates of varia.�ce conpanents, t�ei� rat:.o8 c.nd 

repeatabilities of 1·rean.ing Heig�t according to met�tod 
of adjustment for age at ;·re::..ning. 

Best linear unbiased estino.tes (BLUE) and differences 

fro!1 mature dar,.,s of age-of-dam groups for i·reaning 
. ' ... HeJ.gn". 

Least-squares estimates an:i neans of sex grot:.ps for 

weaning 1veight. 

Pooled and 1-ri thin herd-year-age of dam-sex regression 

c oeffic ients of 200-day ••eight on age. 

Percentage reduct ions in error variance according 

t o  method of adjustment of weights for age at 
weaning. 

Hultiplic ative adj ustme nt factors for age-of-dam 

effects on weaning weight s. 

viii 

56 

70 

72 

7� ,::; 

74 

76 

78 

80 

82 

84 

85 



Table 

5. 1 1  

5 . 1 2  

5 . 1 3  

5.14 

5 .1 5  

Additive adjustment factors for age-of-dam effects 

on \'leaning weights. 

Standard deviations (SD), coefficients of variation 

(CV) and e�ected stnndard deviations of veaning 

weights after ad;justnent for age of dam by least­

squares derived factors . 

Percentage reductions in error V3riance according 

to me�hod of adjustment for age of dan. 

Standard deviations (SD), coefficients of variation 

(CV) and expected sta..11dard deviations of l·reaning 

weights after aijustna11t for sex of calf by least­

squares uerived factors� 

Percentage reductions in error variance according 

to method of adjustr:1ent fer sex of calf. 

88 

90 

92 

94 

96 



1 • 

CHAPTER 1 

TirTRODUCTION 

The accurate evaluati on of productive differences bet•:een anir:lals 

is fundamental to the genetic improvement of economically important 

characters. Differences in perforna.'Tlce are due to ti-ro major causes 

genetic and environmental - the l atter being defined as all tr�t 

variat ion in the character wh ich is non-genet ic in origin. The 

contribution of environmental variation to total variat ion is important 

because it is not transmitted fron par ent to offspring and its effect 

is to obscure that part of the variation due to genot;y-pe . As a result 

of th:ls masking action, efforts are often made to lessen the enviro�ental 

var��tion in ord er to reduce discrepancies between an individual' s 

phenotype and its estinated breeding worth , and hence to increase the: 
c.ccuracy of selection. SUch "control11 of the environr:1ent can be acnieved 

either physically or stat ist ically. 

Physical control is an atte�pt to greatly reduce environmental 

variation by recording the perforsance of all anilnals und er physically 

standardized feeding and management conditions. Aside fro� being 

econol:lically prohib itive under NeH Zealand's pastoral condit ions , this 

approach suffers fro::1 the difficulty that n:ust be experienced in 

ma inta ining a cons tant set of environmental conditions. 

Stat ist ical control of env ironmental influences involves the 

est imat ion of the magn itude of such effects on the recorded trait in 

quest ion , a�d adjustment of the records through the use of facto�s 

d erived from such estimates. The use of ad.justment factors aim s at 
a more objective assessment of '\'That each an imal 1.;ould have ach ieved 

under standard environmental conditions . Consequently, a larger 

proportion of the variance in ad justed records of performance should 

be genet ic than 'l'ras true of the variance in the original unadjusted 

observat ions. 

By controlling env ironmental effects known to influence performance, 

a breeder can rank ind ividual animals more accurately on their estimated 

genet ic '1'10rth for specif ied traits. The env ironmental-control approach 

m ost generally favoured i n  the pa st , both overseas and in Uew Zealand, 

has been statistical rather than phys ical , although it may not 



necessarily be the more effective. Some workers h�ve stressed the 

need for c�ution in the use of statistical adjustment factors . For 

instance . Koger� Reynolds, Meade. Kirk, Peacock ar.d Kidder (1962) 
concluded from studies of the records of 4729 beef ca lves that the 

may introduce more se:rio'J.s errors than 'I'Wrking viith unadjusted data. 

Stat istical adjustment factors, as products of the data at hand, can 

at best only be as accu rate as the biome t rical procedures used in 

their d erivati on . 

Historically, perfo�ance recording progra�es for beef cattle 

avoided statistical a<.ijustment of records for kno'm enviror...mental 

effects by comparing animals 11i thin specified Groups. For example, 

2. 

in revieHing performance recording in beef cattle, I.L. Eason (1951) 
noted that the first proposal to :record the performance of beef steers 

in the United States ( Sheet s, 1932) specified that c omparisons shovld 
be made between a."linals born '"lithin a period of 60 days, pres"U!!'.ably to 

reduce the infl-Jence of age on rate of growth. \'ii th increasing 
sophistication of both recor<.iing procedures and t�e processing of 

recorded data, and the expansion of the number of &"limals recorded 

on performance, greater reliance has been placed on statistica l control 

of sone of the imp ortant environmental influences, r&ther than total 

control by comparisons 1-d thi.t"'l sub-groups according to each environmental 

effect. 

The importance of stat istical control through the application of 

adjust�ent factors appears at tv:o levels: first , at the individual 

level where for objective ranking of individuals their production 

records must be compared on a common or standardized basis , for instance 

by adjusting for di ff erences in perforoance due to the influence of age. 

Secondly, the importance of adjustment fact ors 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 t he factors 

determining this prediction accuracy is the magnitude of the 

heritability of the character in question. Statistical adjustment 

factors are applied to reduce the contribution of environmental variance 

to total phenotypic variation r elative to that of genetic variation, 

with consequent increases in the accuracy of, and rate of response to, 

selection �ithin the p opulation . 



3. 

The sta tistical adjustment procedures for environmental effects 

on r ecorded weights in beef cattle (such as those for age and age o f  

dam) that are curr en tly in use in Ne1._r Zealand, originated from the 

beef cattle performance recording reco�endations of the United States 

Beef Cat-!;;le Reccrds Co::J�it"!:ec Reror-t (1965). T!1e c.:pplicabil::.ty o£ 

these standardized American-based adjustb1ent factors to Nevi Zealand 
conditions is a question wor thy o� consideration. 

The objec tives of the present sh.dy vTere fir st to estimat e the 

effects of ae;e and sex of calf and age of dar:1 on the -vreaning vreights 

of performance reco:rded Hereford and .bngus cattle in New Zealand, 

and secondly to evaluate curre�t and possible alternative methods 

o f  adj ustment of weight records for these environnental effects. 



CHAPTER 2 

REVIE�l OF LITERATURE 

I. THE 1�IPORTA1WE OF KEA..NI:NG \'/EIGHT AS A CRITERION 

07 SELECTION IN BEEF CATTLE 

4. 

Postnatal development of the calf primarily depends on two factors: 

the genetic potential of the calf to grovl which is contributed by both 

sire and dam, m1d the productive maternal factors of the dam such as 
her mothering and milk-producing abilities. In the initial stages of 

development the calf is dependent upon its dam's ability to support it. 

A t  subsequent periods this reliance decreases in intensity as the calf's 

ability to utilize grass devel ops to the p oint at "l'.'hich dam and off­

spring are in competition for feed. In terms of management an initial 

close d�-offspring relationship is desirable, but as this affinity 

diminishes into an increasingly competitive association a decision 

is required to separat e da'U and offspring, enabling the latter a 

greater opportunity to express its inherent grm'ith potential. The 

time at ••hich v:eaning occurs Ir.E.Y vary rTi th seasonal conditions and 
managenent levels, horrever in most 1-l"evv Zealar1.d pe rformance reco:rding 

beef breeding enterprises� calves are weaned at an approximate average 

age of 200 days. The w eight of the calf at weaJling is frequently the 

first positive indication the b r eeder has of the probable productive 

ability of his surviving calf crop. \-leaning \'leight, therefore, is a 

trait that of ten assumes considerable significance in selection 

progranmes. 

The value of �;eaning "'eight as a criterion of se l e ction in beef 

cattle depends on its heritability and on its degree of genetic 

correlation '�ith characters that are of direct economic value in 

beef cattle. Estimates of the heritability of weanin g  weight in 

beef cattle presented by Warwick (1958), Gregory (1961), Petty and 

CartvTright (1966). Rice , Andrel-rs, vlarwick 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 \'Tith 

a raw mean of 0.27 and a modal value of 0.25. 

Many of the variations in the heritability estimates, excluding 
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TABLE 2,1: Published estimates of the heritability 
of 1-:eanint: \·;eight in beef cattle 

(.Age at rreaning rant;es from 1 80 days 
to 240 days) 

Location 

lieH Eiexico 

Hissouri 

Arizona 

.Ari>::ona 
Nebraska 
r��issouri 

Y..a.."YJ.sas 
Earraii 

N ev; Zealand 

Number of 
records 

499 

1066 

720 

4234 

4i4 
1769 

1066 

265 

1306 

Eebraska 1963 

Hebras1:a 1671 

!·1ichigan 326 

Kansas 265 

Nei·r Nezico 420 

South Dakota 436 

South Dakota 1915 

Georgia 180 

Montana 3584 

Kansas 1861 

North Carolina 1692 

Haio."aii 2550 

Breed* 

H 

H 

H 

E 
II 
H 

H 

s 
H 

E 

A 

H 

A,H,S 

:s: 
s 
:s: 
A 
H 

H 

H 

A 

H 

.A,H 

Heritability 
est�ate 

0.08 

0.08 

0.10 

o . 11 

o. 11 

0.15 

o. 18 

0.23 

0.24 

0.25 

0.25 

0.25 

0.28 

0.30 

0.30 

o .  31 

0.32 

0.33 

0 . 34 

0.43 

0.47 
0.50 

0.81 

Authors 

Blacki-rell et al. ( 1962) 

Sewell et al. (1963) 

Pahnish et al. (1964) 

Koch and Clark (1955b) 

Lasley et al. (1961) 

Koch et al. (1973) 

Seivell et al. ( 1963) 

Gottlieb et al. (1962) 

!<1-'lhmud &J.d Ccbb ( 1963) 

Koch and Clark ( 1955b) 

Carter (1971) 
Koch et al. (1973) 

S;.riger et al. ( 1963) 

l·iagee et al . ( 1961) 

Gottlieb et al. (1962) 

BlacbTell et al. (1962) 

I'linyard and Dinke 1 ( 19 65b) 

f<linyard. and Dinkel ( 1 965b) 

Chapman et al. (1972) 

Fitzhugh and Taylor (1971) 

Eam�"YJ.n et al. (1963) 
Vesely and Robison (1971) 

Francoise et al. (1973) 

* H = Hereford; S = Shorthorn; A = Angus. • 



cases l'fhere sexes were analysed separately , are presumably due to 

sampling error or real environ�en:tal differences. Tall is ( 1 960) has 

shown that heritabi lity estimates rr.ay be biased dmmward. due to 

controllable errors. Such errors could include those arising frofl 

and age of d. am, or perhaps from •;cighing cattle ;.;i th variable amounts 
of gut fill. vleaning •·reight appears to have a medium level of 

heritability and is consequently associated Hith a similar level 

6. 

of C.irect importance i n  terms o f  se lection pressure for this character. 

A further consideration in evaluating the importanc e of 1-1eanin g 

,.;eight for herd inproverr.ent is its re liability in predicting- economically 

ii:J.portant traits after- \oleE.Jling. In view of the importanc e of post­

l·lec.ning g:!:O.·rth performance in selection progrB..!I!:Iles in l'l'ew Zealand beef 
herds ( Rae and Bartcn, 1970), it is of interest to c onsider the genetic 

relationships bet.,;een .,eani.J."'lg v:eight and ;.;eights or gains postweanin g . 

Despite the variability in the estimates of the relationships presented 

in Table 2.2, there are indications of positive genetic correlations 

beh�een •·•e�"liEg w-eight a..:."'ld subseqc;.ent •·;eights and gains. Ho1-mver, there 

is some evidence of a genetic (Christian, I:Iauser and Chap�an, 1965; 

i-:angus and BrinJr...s, 1 971 ) a.Ld an envirol'!.!nen tal ( Bart on, 1 9 70) a."l tagon i sm 
between high we�ing perforllianc es of heifers ��d their subsequent 

productivity as cm:s, expressed in terms of weight of calf l·�eaned. 

Evaluation of the irrrportance of vieaning l·;eie;ht as a selection 

criterion, should also take account of the accuracy with l':hich the 

lifetime productivity of the covl can be predicted by the weaning weight 

of her calf. It is important to distinguish behleen the principle of 

repeatability of weaning weight and. for instance, that of milk 

production. The weaning weight of a..."l individual 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 d ifferent times in the life 

of the same individual. From some of the published estimates of the 

repeatability of· weaning weight present in Table 2.3, cov1s tend to 

repeat their performance of weight of calf weaned from year to yea�, 

with from 32 to 43 percent of the variation in v1eights being acc ounted 

for by differences between cows in most herds. Repeatability estimates 

of this magnitude have led many authors to conclude that cows weaning 

calves distinctly below the herd average 1·reaning ueight (and 'I'Jhere 
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TABLE 2 . 2 :  Published genetic and phenotypic c orrelations 

of 1<eG"1ing �-reight \·Ti th -:'JOSh:ee.n ing 'l':eigh ts and 

gain s in beef cattle 

Correlated 
trait 

He-ights : 

Yec..rling Keight 

1 6-nonth i'leigh t 

1 8-month weight 

2 1 -mont..'l weight 

Slaught er i'reight 

Correlat ion 
Genetic Phenotypic 

0 . 1 6  

0 .6 1  

0 . 70-0. 79 

0 . 65 

0. 68 

0 .48 

0. 76 

o. 78-0. 81 

0 . 73 

0. 50-0 . 60 

0 . 55 

Authors 

BlackYell et al. ( 1 962) 

Carter ( 1 971 ) 

Fr��coise et al . ( 1 973 ) 
Scarth et a l .  ( 1 973 ) 
\'J i l l i.::.rus and I·�urphy ( 1 958)  

Koch e t  al.  ( 1 973 ) 

Brumby e t  &1. ( 1 963 ) 
Christ ic..� e t  a l . ( 1 965 ) 

0 .  84 \'lardrop ( 1 968 ) 

Gabs : 

Heaning to yearling 

0 . 1 2  

Postwec..ning ga�"1s 0 . 26 

Weaning t o  slaughter 

0 . 29 

-0 . 07 

0 . 20 

0 . 38 

Christ ian et al .  ( 1 965 ) 
Franc oise et al . ( 1 973) 

Koch et al . ( 1 973) 

Christian et al . ( 1 965 ) 

. I 



Nunber of 
rec o rd s  

( 
1 9907 ( ( 
4722 

1 1  51 
1 066 
607 
693 

�7;�::� C..., .; :  
603 

326 

745 

338 

8. 

Pub lished estinatos of the repe2.t�bi li ty 

Breed* 

A 

H 

A 

..,. n 

A 
E 

A , H  

A,H 
H 
R 

of •·reani n r" 1-·e:irht in beef" co.ttle 

Repeatabi lity 

Intra-c lass Regression of 
correlat ion adjac ent records 

0 . 1 9 

0 . 26 

0 . 25 

0.32 

0. 38 

0. 39 

0 .42  

0 . 4 2  
0.4 3 
0 . 50 
0 . 52 
0 . 55 

0 . 34 

0 . 49 

0 . 47 

Authors 

Sellers et al . ( 1 970 ) 
Se l l ers et al . ( 1 970 ) 

Hohenboken an d Brinks ( 1 969 ) 
Ec over et al . ( 1 956)  

Sewel l  e t  al . ( 1 963)  

Kilkenny ( 1 968) 
KiH:en..>Jy ( 1 968 ) 
I·:inyard £:n d  Dir±e l ( 1 960 ) 
!3otkin ar.cl \Jhat l ey ( 1 953) 
l �gee et al . ( 1 961 ) 

Koch ( 195i ) 
Rovira ( 1 968) 

* A = Angus ; H = Hereford. 



acc ident o r  i llne ss is lmovm n o t  to have influenced c al f  1-re igh t s ) can 

be culled with l it t l e chan c e  of cul lin g a c o 1-r that vrO"tJ ld subsequent ly 

Hean heavier calv e s .  

The vwight o f  a calf a t  1.;ea.T1 ing i s  an il:lpo rtant , i f  complex , 

9 .  

trait . It ro flect s n ot only t:he c al f 1  s gene tic pot ent ial fo r gro>vth 
and its mat ernal environment , b ut also other non-&enet ic inf luences 

s�ch as age at weaning , sex , age of dam , herd o f origin and year o f  

b irth . After ;.;eaning these fac tors may change j_n thei r rel12t ive 

importa.."'lc e ,  but s one at least 1'li l l  reoain influen t i al .  For vmaning 

r:eight t o  b e  a useful s e l e c t i on c riteri on in b eef cattle inprovement ,  

part ic u larly fo r the early sc reening of calves before their first 

wint er in s i t uat ions vih8r e yearl ing matings are pra c t. i c ed , it fo l l ow s  

the:!. t ma j o r  kn01-m envi:::-o11mental influer�c es affect ing this t ra i t  should 
be account ed for in ord er that th e ac curacy of s elec t ion hlay be 

L'1c reased . 

I I .  SOI·:E FACTORS AFFECT UrG FEll�HHG- HEIGHT I N  BE::F CJ._TTLE 

A .  Age at \leaning 

Once the dec ision has b een made t o  separat e c alv es from dams i t  

i s  convenient for the b reeder to vrean a l l  calves in one operat ion . 

Since dates of birth >'�ill r..ave d i :ff ered •·ri thin the he :rd ,  the age s of 

c alv es at v.-eaning v1i l l  vary. A po sit ive relat ionship be tween '\·leaning 

-vreight and the ar;e D--t ;.r�ich v!eaning occ urs should b e  apparen t . RovT ever , 

the nature o f  this relat ionship and the relative c on.tribution of age at 

weaning to the total variat ion in rTe a.Tl ing -.re ig:.tlt ,  may no t be s o  eviden t .  

Mo st studies have sh own that the growt h  o f  beef calv e s  tends t o  

b e  linear i n  the period of 5 to 8 months o f  age , the t �e a t  which 

'\'leaning gen erally occurs . Johnson and Dinke l ( 1 95 1 ) found that the 

rate of grow t h  of 297 Hereford c alve s  •�s es sent ially l inear from 

b irth to 1 55 d ays of age and thereafter inc reased at a d ec rea s ing rat e . 

The s e  auth ors described the grovrth of the ca lves s tud ied as b e in g  c ompo sed 

of two straight lines vTi t h  a reduct ion in slope at 1 55 days of age . 

Botkin and v!hat ley ( 1 953 )  observed th e grovrth pattern of 745 Herefo rd 

c alves t o  be l inear ov er a range in ages of 1 20 to 260 d ays , alth ough 

they c autioned that t his patt ern may no t be typical und er environm ental 

c ond it i ons l e ss favourable than tho se experienc ed .  J . B .  Burgess , 

Landblom and St onaker ( 1 954 ) ,  a21d Pahnish ( 1 958) found the rate o f  
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grovrth of s�ckled calves to b e  approximate l y  l inear . The lat t er 

study sho�ored tha t w ithin s exes , calves had linear grm-: th rat e s  b ehieen 

the ages of 121 and 323 days . SI-Tiger ,  Koch , Gregory , Arthaud , Rmrden 

a.TJ.d Ingal ls ( 1 962) rep ort ed that the liveueight gains of 2739 beef 

ce.lves v:e::-e l inee.r up t o  1 30 d.&:ys of c.ge , c u t  cu::··vilinear fror1 1 30 
to 220 days o f  age e Creek ( 1 9 64 )  observed , in 1 280 mix ed-bre ed 

calves in Jamaica , marked e ffec t s  of adver s e  nut rit ional c ond i t io ns on 

preweaning groHth pat t erns suc h t:b..at grm.;rth t ended to be curv i l inear. 

It "'�as impl ied tha t v-l ith inprov ing standard s of prevre.:ming r:anagement , 

the likel iho od of a linear groi'rth curve being maintained t o  weaning 

wm; l d  be enhanc ed. . Ha:::-lm·re 7 Has t  and Schalles ( 1 96 5 )  beli eved th at 

sea sonal and age effe c t s  1-;e:re confounded in the study of Sviiger e t  al . 

( 1 962) , ana they !.:laintained that aft er removal of sea s o!lal influenc es , 

grordth of the c a lves i'Jas gene rally l inear from 1 20 d ay s  to rlean ing . 

Baker , Cart e r ,  C ox &"'ld Templer (1974) , •rith 4893 beef calve s in 

Nev Zealand. . failed t o  e stabl i sh any departure from l inearity i n  the 

regre s s i ons of 1·:ea."1ing \'leig:d; on e..ge a t  v:eanine over several years . 

The re ln t i ve c ontribut ion of age e..t weaning t o  the t o ta l  varia t i on 

in �o·ec.ning ·�e ight has cenerally b e en regarded to b e  of importanc e .  
Lawson a d  Pet ers ( 1 964 ) noted the s ignificance ( P  ( 0 . 01 ) o f  aee on 

wean -i'l'lg vreigh t  in 21 9 Highle..nder and Hereford cat t l e  and the ir 
rec iproc al c ross e s .  The influenc e of age on the variab ility o f  wei ght 

a t  weaning vras he..l f  of tl::at a cc ount ed f o r  by age of d am , but approx i-
mat ely three t ime s that due t o  sex of c e..l f .  Carter ( 1 97 1  ) obs e rved age 

d ifferences amo1.:11t i:1g to betwe en 1 5 and 30 perc ent of th e v2.riat ion in 

l ive"�eigl::ts at "reaning in an inv e st igat ion of selection on pe rformanc e 
in beef cat t le in J.Yew Zeala.TJ.d . Vesely and Robison ( 1 971 ) not ed t he 

importance of age at wean ing in 1 692 Hereford v;eaning record s , although 

s ex of calf vra s found t o  be a more important source of variat ion in 

weaning weight based on the proportions of total sum of square s .  

Bovard and vle inla.TJ.d ( 1 973) found that wit hin six-bre ed-mating system 

subc lasses for 1 646 Angus , Hereford and Shorthorn c a lv e s ,  age at wean ing 

was the l argest d et erminant of ve..riat ion in rreaning \ve ight . In 

partitioning the total sum o f  square s  ��ong several fac t o r s  affect ing 

the wean ing \·;ei ght s of beef calves , Baker et al . ( 1 9 74 )  c oncluded that 

the most import ant single s ourc e  o f  variat ion vra s  tha t d u e  t o  regress ion 

on age . 

It is apparent th at the pos it ive relat ionship betvreen •·reaning vTe ight 

and the age at uhich •man ing occ urs is of con s id era b le impo rtance , and 



that •·reaning age has a marked influence on th e to tal variation in 

liverreight at vrenni..l1g. On the other hand , t he nature of th is v:eight­

age relationship is not a s  c learly defined . A l inear as soc iat ion 

b ct-vreen vre ight .s.nd e.ge up t o  1·:ean in g has been the generally accepted 

ind icat i ons of signific an t  curvilinear grmrt h patterns t o  1·:ea:1ing 
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( e . g. \1/'arren ,  Thrift and Carmen , 1 965 ; Sullivan , 1 967) . 1:lhere l inear 

gro�·rth curves to 1·�eaning have been def ined , t he stud ies c onc erned h::tve 

often been perfo rned Ql1d er d evel oped pastora l and animal me.nage�ent 

sys tems . L'l'ldicat ions of  a departure fro:n l inee.r ity in the pre'l'leaning 

grc·,.rth of beef calves nay then be utt :-ibutable t o  en·:iror_mental 

c ond i t i ons , such as the q_ual ib.tive and quantitative aspec t s  of' herbace 
available und er s1.�c kle d co•;-c a lf ent erpr i s e s .  \·!ith progre s s ive stages 

o f  d evelopment after 'tlirth and l'iith a d e c l ine in the nutri t ional value 

of avai lab l e  pa sture , an ea rl ie r  linear 1·:-eight-age rela t i on ship may 

transform into an inc reasingly curvil inear one . At the t �e of weaning 

therefore , early-b orn cal \·es \·ri l l  have an inc rea sed relianc e  on , but as 

J.ret an Ll!eff icient ut i l ization of the 2.vai l. L!.tlle herbage , 1-:h i l e late-

born calves r:1ay be at a d isadvantage in t h i s  regard . If emtironnental 

c ond it ions are severe , it ia l ikely that the spread of calving dates 

is vrider than under �:.ore fav ourabl e conditions .  Consequent l y  any curvi-

1 in.ear association behree..'1 ,,·eight and a!;e at Heaning ·l'lill be  intensified 

because of the greater nuwbers of c alv e s  in the extrer:1e age groups . 

C onve rsely , und er environmental condit ions favom·able to  developed 

pastcral and ani:wal r::t�mageuent syst ens , prclo2:.ged p::-o du c t ion of feed 

of nut ritional value and concentrated calving periods wh ich reduce the 

number of calves in the extreme age gronps ,  lo�orers the likely rate  of 

decline in the grm-rth of calves as •·reaning approe.ches .  

B .  Sex of  Calf 

The magn itud e of sex differences for 1·reight at v1eaning in the 

extensive lit erature ha s vari ed from herd to herd , but in all cases 

the weaning vleights of males have exc eeded th o se for females 11hen 

ages at weaning have been at least 1 80 days (Table 2. 4 ) . 

Evans , Craig , Cmarik and Webb ( 1 955 ) observed t r�t the rreaning 

weights of bulls averaged 6 . 1 pe rcent 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 . ( 1 962 ) reported a difference in '�>reaning '1'7eights of from 



TABLE 2 .4 : 

Locat i on 

Hontana 

!IIich igan 

Louisiana 

Alabana. 

Colorada 

Nebraska 
United Kingdom 

North Ce.rol:i.J1a 

Pennsylva."lia 

Oklahor:1a 

Arizona 

Jamaica 

South Africa 

Virginia 

Harraii 

1 2. 

Pub, is...l} ed estimates of the SUTJeri ority of 

maJE:: s over fe!::lc.l e ._,  in the ;.;eaninG Heights 

Breed* 

A , H  

V 
A. , II  

E 
H 

AX 
A , H 

R 
V 
V 

A , H , S  

H 

of oeei' c alves 

VTeaning 

age (d ays) 

1 80 

1 80 

! 80 
1 80 

200 

200 

200 

200 

205 

205 

205 

2 1 0 

2 1 0 

21 0 

21 0 

240 

Superiority over 
fe:!:)e.les (kg) Authors 

Bull Steer 

20 

23 

1 0  

1 5  

40 

42 

1 8  

25 

1 2  

1 2  

1 2  

2 1  

1 3  

7 Bri.rl.Jr...s et al . ( 1 96 1  ) 

7 J.'Iagee et al . ( 1 96 1  ) 
Verno11 et al . ( 1 964- ) 

HcGuire ( 1 969 )  

Harwin e t  al. ( 1 966 ) 

Koch et a l.  ( 1 973) 

Te.ylo!' ( 1 967) 

5 Thomson ( 1 963)  

9 Vescly and Robison 
( 1 971 ) 

1 2  Bair et a l .  ( 1 972)  

5 Cundiff e t  al . ( 1 966a) 

Lasley et al. ( 1 96 1 ) 

Creek �nd Nestel ( 1 964 ) 

Bosman and Harwin ( 1 966 )  

1 4  Har lm·re and Gaine s ( 1 958) 
Eahmud and C obb ( 1 963 ) 

* H = Hereford ; A = .Angus; V = Various breeds ; J..:X = Angus- or Hereford­

sired calves out of .Angus-Holste in dams ; S = Shorthorn .  
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9 t o  1 8  kg in favour o f  steers over heifers . Hinyard and Dinkel ( 1 965a) 

observed tlmt bulls ave ra.;ed 1 5  kg heav ier than heifers Hhcn •rean ing 

·Heigh ts Here ad justed to a st and ard age of 203 days . 

The influ ence o f  sex o f  calf on live1·reig:ht at •·:eaning is clearly 

nignific anc e o:· t:"cis f<::.c tor (HeviH e ,  1 962 ; Seebe ck a:.�d Ca.cJpion, 1 964 ; 
Alexander and Beattie , 1 968 ; Chap:na.."l ,  C lyb-u rn e.nd EcC om ick, 1 972 ; 

Barl01·r , Dcttnan a..'Yld \l"i llian:s , 1 974 ; Seifert , Rudder and Lap•·�orth , 

1 974 ; among o the rs ) . The dissenting reports L"1C lude obs e rvat ions by 
Gregory, Blunn and Balr..e r  ( 1 950 ) , uho found at t-I-ro stat ions in Nebraska 

that the difference bet\';e en the average \·leaning 1Ie ig!1 t s  of the hro 
sexes vras n ot sign i fi can t .  This Has at tributed t o  the fact thnt large 

variat ions in Heigl1 t s  am gains had oc curred at both stat.::_ ons. Helr;::s 

and Bogart ( 1 956 )  c onsid ered the.t any difference in the suc:Y...ling gains 

of 1 03 Eer eford &"ld Ane;us calv es due t o  sez , 1·:as larcely a tt ributabl e  

to sez differences i n  b i rtl!i·;eie;h t only. These authors concluded that 

adjusting :prei·:ea.ning e;ai!1s f c::::- sex d.ifferenc e s  in b irth-vre icht resulted 
in sex being en uninport a.nt influence on rat e of gro-;.:th to lieaning . 
On the other r.£ld. I:artin , ,Tac obson , EcGill iard. nnd Eomeyer ( 1 962)  reported 

that al thoueh the variat ion d ue t o  sex en ueight gains vms reduced vrhen 
adjustment s r;ere mad e on birth1:eight , s ex st i l l  remained an ir:!port ant 

ir...fluenc ing factor on the grov:th of 659 dairy cat tle o f  various breeds 
t o  1 2  !!lonths o::' age . This r:e. s le.t er substantiated by Bos!::lan and Harvrin 
( 1 966 ) , 'Hho concluded that adjustment s for d ifferenc e s  in birthvieight 

due t o  s ex did not a�pear t o  be of sufficient magnitude to nullify s ex 

differenc es in the ra tes of grouth from birt h  to 11eaning (21  0 de.ys o f  

age ) of 1 i 69 beef c alves . The influence o f  sex on preKeaning livevieicht 

gains is dependent i!l part on differenc es in birth1·1eight due to sex. 

Hm·;evcr it i s  unlikely tha�.; sex d iffer euc es in birthweight can c omplet e ly 

account for differenc es b etiveen t he sexes in re.t e of grovrth from birth t o  

uean ing. 

Brown ( 1 96 0 )  analysed the 'ltre:ights of one herd o f  287 Hereford 

calv e s  and t wo herds of 334 and 271 Angus calves at 1 80 and 240 days 

of age . Differences betvreen the sexes accou.."'lted for 4- . 5  t o 8 . 0  percent , 

and 5 .  5 to 21 . 7  percent o f  the variation in weights at the tvm respective 

ages. With 1 3937 Hereford and Aneus . calves in Oklahoma , Cu.."1diff , 1·lillham. 

and Pratt ( 1 966a) reported sex to be the mo st import ant factor influenc ing 

liverreights, accounting for 1 7  percent of the total variat ion in Height 
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adjusted t o  205 days of age . From the vmaning rec ord s o f  892 Shorthorn 

calve s , Fahmy e.nd Lal�1de ( 1 973 ) found mal e s  to be s igni fic ��tly 

(P < 0. 01 ) heavier tha...."l female s ,  a lthough t h i s  d ifferenc e �·ms the l east 

iL:iporte.nt so;,;.:rc e of varie. t i cn on ueaning i•'eight at 21 0 day s , accotmting 

It is po ssible that the inf luenc e of s ex may te exaggerated in t erms 

of the d ifferenc e s  in sup eriorit y  of bulls ove r  st e ers <�.nd heif ers , and 

that of steers over heifers . For in� tanc e  the bull-steer and bull-he ifer 

differences in ,,,ea..'1il1..g ;;ei6h"!:;s in the sutdy of Cundiff et e.l . ( 1 966a ) ,  

uere c ons id ered by then to b e  larger than those repor ted for cc.lve s  

Heaned n -t  205 t o  2 1  0 G.e.ys of ace , uh i lst the stee r-heifer diffe:rence vl.J. S 

snaller than nost othsr rep ort s ( see Table 2 . 4 ) .  Cund iff e t  al . 
p ostulat ed the.t the se disc repe.nc ies aro se :fro::'l the effec t s of c a strat ing 

nales and of sele0 t i on fo r size , that is , frot1 a t endency of beef 

p ro ducers to re�aL� :faster-growir� male s as bull s �'1d to c astrate the 
!:!lmrer-grmdng Dale ce.lY c s .  '.i'he inability t o  se:pe.ra�� e  the phys iol ogical 

effects of castra t i on fro.w the effec t t1�o.t s election for size may lw.ve 

had in dec id.ing >·;h:.cb bulls t o  retain w� ci vrhich to c::tstrate , he.s al so b een 

encountered in e arl ier stud ies (Koch, 1 95 1 ; Ko ch and Clc:.rk, 1 95 5a ; 

Harlo�·T et e.l . , 
A - r - \ l ';;O ) ) .  This c o::1 foundir.g re sult s in a'1 upHard bia s in t he 

bull-steer and bu l l-heifer differences , and a d mnmard bias in. the steer­

heifer d iffe renc e s .  Eza&gerated bull-heifer differenc e s  in Heaning i·;eight s 

may al so be indicat ive of different ial pre1·rean ing management p olic ies , 
whe re beef proC:"t;.cers are primarily enge.ged in the sf'�l e of breeding bul l s .  

( 1 )  Interac tion s  involvinG sex of calf . There is soJ:J.e sugge s t ion tr...a t 

env ironmental fac t ors can affec t the pre•·:eaninc; p erfo r!!le.r.ce of the s ec::es 

differen t i a l ly. I1fost stud ie s no.ve used J ea �t scruare s procedures t o  
estimate the e ffec t s  o f  various environmental fac t ors on weaning �qeight . 

The models used c an bec ome c omplex unle ss interac t ions beh;een t he main 

effects are omitted . If not explic itly stat ed , the omission of these 

interactions at least implies the assumpti on that they are unimportant , 

if not ab sent. 1�ere sexe s are not analysed separately then such models 

fail to determine whether males and femal e s react differently to the 

various environmental factors studied. Therefore the estimat ion of the 

effect s due t o  sex , and subsequent computat ion of s ex ad justment fact ors 

fo r weaning Height , assu;nes si.Bilarity in the genetic potent ial for 

calves of the .  tvTO sexe s t o  re spond to different environments . 

Of the genotype-environment interac tions originally class ified 
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by Dunlop ( 1 962) , the "microenvironmental-intrapopulat ion" c lassificat ion 

is applicable to  studies of 1·ieaning vTeight data acc ording to Creek and 

Nestel ( 1 964 ) .  The latter authors regard this class of interact ion t o  
incl·ude that beh;een sex of calf and aGe of dam , an interaction -.rhich 

hc.s been c or...s id.e:rc: d �rJortant in so::! c studies (RolliEs ar1s. Guilbert , 
1 954 ; Pah:nish , Stanley , Boge>.rt a7ld Roubicek J 1 961 ; 'd. E .  Ha.son, 

Beilharz and Carraill , 1 970 : Baker et al. , 1 974 ) ,  but not in oth ers 

(Lehmar�Tl . Legates , Robison , Gregory and Dillard , 1 962 ; Cunnin�ham 

and Henderson , 1 965a ;  Bailey, Ko.h , Hunter and Torell , 1 972 ; Bair , 

I'Tilson a."ld Ziegler , 1 972 ) .  Creek and Nestel ( 1 964)  and Harwin, Brinks 

and Stonaker ( 1 966 ) interpreted a greater response in the >·reaning •:eights 

of nale calves to different ace s of dam, as beir� an ind ication of t he 

superior capability of the male genotype in realizing its potential in 
the presenc e of a favourable nutrit ional environment provided by the d2m. 

Similar interpretat i ons have been report ed by Harl01-re et  al . ( 1 9 65 ) ,  

Cundiff et al. ( 1 966a)  and Schaeffer and Uilton ( 1 974a) for int6ract ions 
beh;een sex of calf and t�rpe of management ( creep and non-cree p ) t o  

v;ea.rling. Schaefi'er and \Iilton ( i 974 a ) also ob served that sex of c alf 

interact ed uith level of herd pe rformance Hith 25571  Angus and 69058 

Here fo rd  calves in Canada, Differe�c e s  beh;een the oean prei·Jean ing average 

daily gains of bulls and heifers v:ere greater ill. herds of high performance 

levels than in herds  of lou performance levels . 

Important sex x herd or sex x year , or both sex x herd and s ex x year 

interactions hav e been reported by Pab.nish ( 1 958 ) ,  C ooper , Sutherland , 

Pa.tt engale and i-lill iams ( 1 96 5 )  and Barlmr e t  al . ( 1 9 74 ) , and have led 

to the conc lusion tha.t the use of a mean sex difference in vreaning vreights 

as a sex adjustflent factor in various herd s ,  or over a period of years in 

-:n e sarrie herd , appe ars to be inade quat e .  Hm1ever, the effect s  of one or 
both of these interact ions relat ive to those of the main fact ors studi ed 

in the a�alysis , have often been regarded as unimportant (Svriger,  1 96 1 ; 

Hohenboken and Brinks> 1 969 ; Cardellino and Frahm, 1 971 ) .  

The importance of interactions f or weaning vTeight involving s ex of 

calf varies l argely from one instance to another. As Pani and Las ley 

( 1 972 ) note , such interactions do not appear to be important sources of 

variation. 

C .  Age of Dam 

Although age-of-dam information is usually readily availabl e  at 



calving, age per se .is not the factor being adj usted for. Age of dam 

merely provides an eas ily recognizable , albeit closely related 

parameter of those aspects of maturity such as development of the 

mai1l!:lary gla.Tld , milk yield , a.Tld maternal abil ity. 
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Alter�a� ives to age as an L"ldicat or of the degree of ma�ity of 

milk production L"l dairy cattle , have included calving sequence or 

lac tat ion number, age 'l'rith:in lactation nu::1ber , or some c onbination of 

body v:eight or b ody size and l actation nunber ( 11ic kha.m, 1 972 ) .  As far 

as beef cat t le are concerned , age at calvh>g appears to  be acceptable 

as an indic ator of the degree of maturity of maternal and milk-produc ing 

abi lit ies. 

Humercus i.Tlvest igat ions have draim attenti on to the import anc e of 

age-of-dan influences on the vieight of calf at '1'rea..11ing. Such stud ies 

have shmm t:b..a t the maximum product ion in terms of c alf i·ieaning vreight 

appears t o  b e  attai!1 ei i·ihen the dams are approxinately 6 t o  9 or more 

years of age (Table 2 . 5 ) .  The magnitude of age-of-dam differences may 

depend to a large ext ent on management and other environnental condit ions ,  

alth ough the p o s sib il ity o f  gene tic differenc es in the rat e  of  maturi ty 
in c mrs cann o t  be disregarded (Fitzhugh a.."ld Taylor , 1 971 ; Freema..J. , 1 973 ) .  
Cundiff et al . ( 1 966a) observed that the vieaning Heights of 1 3937 Hereford 

a�d AnGus calves increased by 22 kg as age of dan inc reased from 2 to 4 

years .  The magnitude of th i s  increase led these authors to recommend that 
cm·m betiv-een 2 and 4 years of age should be c lassified into 3- to 5-month 

increments in order to more accurately adjust calf ,.;eenL�g Heights . 

Cund iff et al. further noted tha t  in the }ad,...-est and other !1igh rainfall 
areas of the United Stat es , there 1-ras not the pronounc ed dec line in calf 

weaning l•Teights from c o";rs over 8 to 9 years of age (Botkin and Whatley , 

1 95 3 ;  Narlm·�e a.l'ld Gaines , 1 958 ; Sl\iger 1 96 1  ; Koge::r e t  e.l.  J 1 962 ; 

Jlfa.r l owe et al . , 1 965-; Hohenboken and Brinks , 1 969 ; Sellers , lrlillham 

and DeBaca , 1 970) as observed in more arid regions (Y�app , Baker , 

Quesenberry and C lark, 1 942 ; J . B .  Burgess et al. , 1 954 ; Koch and C lark, 
1 955a ; Ninyard and Dinkel , 1 965a ; Sullivan , 1 967 ; Bair et a l . , 1 972 ) .  
The c ontinued high level of performance of older c m;s in favourable 

environmental s ituat ions may be due in ��rt t o the enhanced opportunity 

for more intense se lec ti on , v1here most of t he poorer-producing co;.Ts may 

have been culled before re aching older ages (T. D. Burgess and Bowman , 

1 965 ) .  

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



TABLE 2 • .2_: Published estimates of the e ff oct of age of dam on the r,;eaning 
11reig_hts_ of beef ca.lv:e sa -

1veaning Overall Breed b Ar;.e o f  dam (years ) Authors Location age (days ) mean (kg) --- -
of dam 2 3 4 5 6 7 8 9 1 0 1 1  1 2  1 3  

Jamaica 21 0 1 66 V -1 0 -3 -1 3 4 5 -3 6 3 Creek and Nestel ( 1 964 ) 

Canada 21 0 1 83 s -24 -1 5 -1  -1  6 1 0  1 3  1 4 6 Fnhmy and Lalande ( 1 973 )  

l·1ontana 1 80 1 86 H -2 1 -1 6 -1 3 -5 7 1 4 1 6  1 0  1 2  6 -1 1 1 Sewell et al . ( 1 963 ) 

United Kingdom 200 1 86 A -1 4 -1 4 -3 3 4 6 1 4 1 4  1 4  1 4  1 4  1 4  Thomson ( 1 968 ) 

South Dakota 1 90 1 89 H , A  -25 -9 -2 2 1 0  1 0  1 2 8 5 1 -6 -7 IIJ:inyanl and Dinke l ( 1 965a) 

Oklahoma 205 1 89 H ,A 0 3 6 7 8 8 7 7 5 6 Cund iff �t al . ( 1 966a)c 

Oklahoma 205 1 9 1 H , A  -24 -2 1 2 1 4. 1 4 1 4  '1 4 1 4  Cardellino and Frahm( 1 971 ) 

Ohio 230 1 96 H -26 -8 -6 1 6  1 6  1 6  20 20 20 20 20 1 2  Svriger ( 1 961 ) 

United Kingdom 200 21 2 H -1 5 -1 5 -5 2 4 8 6 6 6 6 6 6 Taylor ( 1 967 ) 

Pennsylvania 205 21 3 AX -6 -3 -1 5 9 7 4 8 -8 - 1 6 Bair ot al . ( 1 972 ) --

Queensland 200 235 BX -2 1 -1 4 2 6 6 6 1 0  1 0  1 0  1 6  1 6  1 6  Seifort et al . ( 1 974 )  

a Values show differences from the overall mean to the nearest kilogra'l1 . 
b V =  Various ; S = Shorthorn ; H = Hereford ; A = Angus ; P.:X. = Angus x Holstein ; BX = Brahman crossbredo .  
c See text (p . 1 6 ) .  

--' __ , . 



weaning ��s been reported for instanc e , by Lasley1 Day and Coofort 

( 1 96 1 ) ,  Eftekhari-Shahroudi ( 1 972 ) , Franc oise , Vogt and Holan ( 1 973 ) 

and Barlow et al . ( 1 974 ) .  Lauson and Peters ( 1 964 ) noted that t he 

effect of dam age on the variab ility of 11eaning 1>re ight was t.'lic e that 

acconnt eC!. fe r by c alf breed , age . or ye<:er of b irtl1 , [:Jlci a 't o·.;:t seven 
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times that due to calf sex . Under New Zealand cond iti ons ,  Baker et a l .  
( 1 974) ind ic at ed that a ge o f  d am  vras the sec ond most important fac tor 

influencing the weaning we ight s of beef calve s ,  based on the proport ionate 

c ontribution to t otal SllB of squares .  In contras t  to the above , Nevi lle 

( 1 96 2 )  reported that age of dam 'I'Tas n o t  an importc:L"lt s ourc e  of variati on 

i..."l calf Height s  up to  \veaning. In thi s study hm:evc r ,  differences due 

t o  age of dam vrere c.d j us t ed fo r variat i ons in l iveueight end in oi lk 

proch.�c i; ion of da.r!!s .  Rutledge , Rob is on ,  .A.hlschvrede end Legates ( 1 97 1 ) 

confirmed t..�e re sults of Heville ( 1 962 ) ,  finding t hat on a vri thin he rd­

year-sex basis . age of dam d id not c ontribute t o  tho v ariat ion in 

r1e.sn ing -v;e igh t beyond. its influenc e throt:.gh such c orre lat ed variable s 

as dam l iveweight and milk yield , and c alf birth1·re ight in 1 93 Hereford 

( 1 ) Hi lk produc-ti on ano r:J at erna1 ab ilib· in re l.s.tion t o  ae;e o f  d.nn . 
Fron the exis t ence of a posi th·e relat ionship betv;een age and n:ilk yie ld 

in d�iry cat t le , it may seen tr�t a similar assoc iat ion should exist in 
beef catt l e .  Su.ch evidenc e that is available v:ould sugge st this ( e . g . , 

lJeville , vlarren a..'"ld Grif fey , 1 974 ) , bearing in mind the te chnical 

linit at ions a s s ociated 1·1ith t he collect ion of milk yield dat a  from beef 

COKS (Barton , 1 970) .  
Gifford ( 1 953) c onsidered that maximuo milk prodt:.c ti on in 28 He�eford 

c ov; s was reached at 6 years of age . Drevrry , Brown and Honea ( 1 959 ) 

fou..'1d "l'rith 48 Angus c ow s and c ahre s  that calf suc kl ing gains v:ere more 

rapid if their dams "I'Iere older or scored as being more protec t ive , · in 
both cases independent of milk produc tion .  Heyns ( 1 960) ,  He lton,  Riggs , 

Ne l son and Cartvrright ( 1 967) , and .Jeffery, Berg and Hardin ( 1 971 a ,  b ) 
all reported t hat older c o1"s produc e more milk, a relat ionship t o  'I'Thich 

some investigat ors have attributed a l m·rer lactationa l  persistency in 

younger c ov1s ( e .  g. , Todd , Fi tzhugh and Riggs , 1 969 ) ,  1-1hile others have 

note d  t he converse ( e . g. , Christian e t  al . , 1 965 ) despit e  total milk 

product ion favouring o lder c ows . 

The dam' s milk produc tion has an important inf lu enc e on her calf ' s  

weight at weaning , in fact Barton ( 1 970 ) considered this L�fluenc e t o  



be the most important determ ining factor than any other single effect 

investigated . Reported phenotypic c orrelations beh;een dam ' s milk 
produc t i on a."ld livm.;ei.,;ht of the calf at vrea:n ing have generally fal len 

withi..ll the range of 0 .40 t o  0 . 80 ( Tab le 2 . 6 ) , depending on the age of 

t:lG calf (reflected. oy tr"e de.m t s :.1onth of lac t <::.. b .. on) , or on the 
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duration of �easurereent . In studyiP� fact ors h�fl uenc ing rat e of gain 

dllring the suckling peri od in 58 Shorthorn and 1 80 Hereford calv es , 

K�app �"ld Black ( 1 941 ) found that nilk c onsuspt i on acc ount ed for 

approximat ely 38 pe rc ent of the variat ion in rate of &ain . Heville 

( 1 962) rep orted t:!-Jat 66 percent of the variat i on in the 240-day v;eights 

of 1 35 Hereford calves was due t o  diffe renc es in milk c onsv�ption . In 
Hew Zeela."ld , BrtWJby, "lalker aild Gal lae;her ( 1 962 )  observed a positive 

rel at ionship beti-;een calf l iveweight eain and m i lk consunpt i on ,  al t:tov_gh 

this re lati onship dec l ined in i..�portanc e after the calves had reached 

14 0 to 1 SO days of age . In the fo l lo'I'Ting year , the s e  a1..:thors reported 

t hat sor:J.e 50 perc ent of the vari o..t ion in ;;ean ing l'leic:nt 1\"ns att ributab le 
to d iff e renc e s  in m ill� c onsJ.i:Jption ( Bru:1by et al . , 1 963 ) .  

Alth ough the relative !:!lagnit ud.es of the d egree of relat ions�1ip betileen 
dnn ' s milk proo:uc t ion and. live:-:rei ght at ..:eaning of the offspring may d iffer , 

there is at l east no negative a s s o c iat ion behre en these t-;.ro variable s .  

That miL� production i s  also re lated to age of dam further support s the 

c o nc lusi on th&t age- of-dam effect s have &1 imp ortant influenc e on weight 
of calf t·;eaned . 

(2 )  Interact ion s involv:i.....Jg age of d am .  V..'bere analyses of calf rrean ing 

rreigh ts estimate Irtaj or emrironmental influences  �<Ti th the ob ,jective o f  

u sing such estimate s  a s  stfu1dard ized adjustment fec t ors applicable t o  

beef cat tle perfornanc e recordinb programnes , the presence of i..llt eractions 

among maL1 effects c an limit t he applicability of the c omputed adjustirtent 

factors. For instanc e ,  if the -vmaning •·mights of calve s out of young c mr s  

are more affected in years of poor environmental conditions than the 

weights of calves out of more mature c m; s ,  then an age-of-dam _by year 

interac t ion may exist . Consequently the 1-ri.despread use of the resul t i..11g 

age-of-dam estimates t o  adjust calf "�<leaning Neights over a number of years 

vrould be of limited value . The existence of an interaction. between age of 

dam and year has been reported by Koger et al. ( 1 962 ) , Linton , Brinks , 

Stonaker, Sutherland and Faulkner ( 1 968) , BarlovT et al. ( 1 974 ) and 
Baker et  al . ( 1 974 ) .  

Aside from any real variation bet-v;een years and dam ages , management 



TABLE 2 . 6 :  

1 2 

0 . 1 2* 

0 . 46* 

0 . 58 0 . 38 

Published. e s t imates <2£..-E.h,.onoty� c orrol.-=tt ions behreen dam 
milk produc t ion and ca l f  \·rean i1]£L.!!.9 .. Lgh t  :Ln b ec_f c a t t l e  

Month of lac t at ion 

3 4 5 6 7 

0 .43* 0 . 46  

0 . 01 0 . 1 9  0 . 27 0 . 03 

8 

0.48•* 

Total Authors 

----------------�----·----

Dre11ry _et al . (1 959) 
Chri s t ian et al. ( 1 965 ) 

0 . 33 Hohenboken et nl.  ( 1 971 ) 

0 .40 

0 . 67-0.81 

0 . 69-0 .81 

0 . 70 

0 .83 

11e l t on et al . ( 1 967 ) 

Kle·t t et al. ( 1 965 ) 

Neville ( 1 962 ) 

Brumby e t  !J l .  ( 1 963)  

T . Il. Nason ( 1 964 ) 

-ll- Correlation b etwe en dam m i lk product i on and calf w� i gh t  to this month of lactat ion. 

1\) 0 • 
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policies may als o c ontr ibute to the existence of an interact ion b ehreen 

age of dam &."ld year. Part of the variat ion b e hreen years may be 

a tt ributable t o  d ifferential I!la.nagement c ond itions for dem age groups 

to weaning, as for exai!!ple in th e preferential feeding of pregnant 
: �r��- o� scc ond-calv �lG d��:S re lat iv e to older da=s.  Schacffe� rrnd 
1-Iil ton ( 1 974a)  reported a significant (P  < 0. 01 ) interacti on betl'leen 

age of dam and. level of herd performance. '\lith increasing d am  age , 

increases in the preweaning average daily gains of 25571 Angus end 

69058 Hereford c alve s  >'l'ere larger in herds of l m;  perforr:ance levels 

than in herd s of high p e rformanc e levels .  The import ance of interactions 

be b:-een dam age groups and sex of c alf have already been cons idered (p.  1 5 ) .  

D .  Yea r of Birth 

In a.rq variation among 1.;e ights at vreaning att ribut ed to years of 

b irth , no t only are enviro�ental effec t s  per se c ont ribut ing, but al s o any 
cha.'1ge in genetic me!'i t of t h e  herd for ·,·ree.n ing •·re ight caused by c :.1.lling. 
Using the average v:-eaning ue ights o f  aJ 1 calves born 1vi thin a year as a 

basis f o r  a d j ustwent :- as has been the case in the pas t , 1'10'<-' ld not 

differentiate b eh:een gen e t ic and ye.'}rly influences . 

The re ha-v e been fel·< atteopts to eliminate the confounding of genetic 

cr.ange l'rith year effect s on wean:i.J:.g veight in beef cattle.  Se1-rell , 

C o�ort , Day and Las lsy ( 1 963)  endecvoured t o  remove gene tic change fron 

estimated year ad j ustments by using the average weaning v�eights of 

calves from 1 9  cmrs that 1·:ere pr oduc ing in all but the first ( 1 95 1 ) 

and la st ( 1 961 ) years cor1z; iderod in the study. The weights of calves 

from the se c ows vrere averaged b y  ye ars and used a s  ad j us tment fac t ors 

to adjust weaning H e ights to a base year ( 1 953) . Jlio!'e c ommonly, year 

effects on beef C.'}ttle 1·re an ing wei.;ht s r...ave been rt:garded in the 

literature a s a reflec t ion of the variation in environnental condit i ons 

from year to year, either -vrithin- or betv7een-herds. Bot:!:....in and Hha tley 

( 1 953) regard ed year effec t s  t o  b e  la!'gely due to graz ing conditicn s  
wh ich , in turn , vrere attributable to  the amount of rai..'l'lfall in July and 

August (northern hemisphere ) . On find ing a small but inconsistent 

a ssociat i on between day of bir th and 'I'Tea.Tling 'l're ight adjus ted fo r age 

of calf ( 205 days) and age of dam (4- to 1 0-years ) in some years for 

9 1 4  Hereford and 459 Angus calves in Oklahoma , Pherigo , lfui teman, \•Ji l lham 

and Stephens ( 1 969 ) regarded rainfal l  to be the maj or s ourc e of environ­

mental variation to cause this relat ionship . 1·lhenever the ra inf'all in 

August rms le ss than th e " • • •  n ormal average . . . " an important day- of-b irth 



effec t on uea..'l ing 'lveight Has pre s ent . 

The year in vrh ic h calve s a re b o rn  can b e  expec t ed t o  r..e.ve a..'l 
irn:;::ortant influenc e on their liverre ight s at v;eaning , as report ed by 

Got t l i eb , H1lee.t , Sr:! ith and \·iearden ( 1 962 ) ,  T ovar , Rise-s and Co oper 

( 1 966 ) , Singh , Schall e s ,  Snith a...1d Kc s s ler ( 1 970L Sacker , Trail 
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a11d Fishe r ( 1 971 ) ,  and others . Cla rk ,  She lby , Quesenberry., Hoodward 

and i·!ill son ( 1 958) att ribut ed some 1 6  to  31  p e rc en t  of total variat ion 

in birthweigh t ,  weaning i·re ight , prewean bg gein and vre aning sc ore t o  

differences among year s i.'l 7436 Hereford cattle , u'hile BrO'I·m ( 1 960) 

att ributed 6 to 8 perc ent o f  the varia ti on i.'l 892 Hereford and !illgus 

calf -.;e i ght s at 240 da:ys cf at;e to th e sane fac t or .  Brovm als o suggest e d  

tl'.at He ight differenc e s  among years >·I·s re erea ter aft er l·reani...":!g ( 300- t o  

420-day s  of age ) than before . Eftekhari-S11 a_h.roudi ( 1 972 ) obs erved a 

EOre pronounc ed e ff e c t  of j1ear of birth on calf \·Jeight s in the early 
s<.:ckling per::i.od than in the l e.te peri od , al th ough this influenc e vras 
s t i l l  irrrporta.11t at �;eaning. Eelms and B ogart ( 1 956 )  f ound no d ifference 
behieen ye c.rs in the preHea..1 i::'lG gains of 1 03 Hereford and .4.11{;US calves , 

h o ;·:ever t}1 is inve s t it;at i on -..ra s ov er a pe:ri.od of only h:o c onsecut ive 

The inc.b i l ity inherent in lea s t sque.res analyse s t o  c omp l e tely 

sep�ate the c onfound ing eff e c t s  of gene tic and environnen tal t rends 

in yearly var iat i on must l imit t he adv i sab i l ity of c o�put ing year- o f-birth 

e.d justment fac tors for i·Te2..1."1 b.g >·re ii;ht s . Furthermore , unl ike other non­

ge:::te t ic influenc e s affect ing v:eaning v1e ight such as sex of calf and age 
of dam , -vrhere e.dj ustnent s can b e  base d on the male sex and the mature 

dam age group for example , it viOuld be d ifficult t o  de termin e the mo s t  

suitable year o n  vrhich t o  base adjustments fo r year o f  bi rth . C on­

se�uently the cc�putat i on of ad justoent fac t ors for yea r  of birth is 

not u sua lly pract ic ed . Recommendations no rma lly rely on the comparis on 

of weaning weight s ad just ed for age and a ge o f  dam u ithin years . Thi s  

i s  t o  be expected , sinc e  any selec t ion on ind ividual wea..'ling vre ight 

p erfo nnance would b e  mean ingful only on a >'lithin-year bas is . 

( 1 )  Interact ions involving year of b irth . In the stud ies of Pa..lmish 

et al . ( 1 961 ) ,  Chapman et al . ( 1 972 ) and Bake r et al . ( 1 974 ) , the 

influence of year of birth on >·re ight at wean ing differed b ehreen herd s .  

Barlmr e t  al . ( 1 974 ) reported this in teract ion t o  b e  the largest s ourc e  

of variat i on in 'freaning weight or prevreaning average dai ly gain o f  2761 

Angus calves in one analytica l model employed . The poss ib il ity of a 



large b e h1een-year va riat ion among herds sugge s t s  th e l im ited 

applicabil ity of s tandardi z ed adj ustment fac t or s  in some years. 
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The exist enc e of such art interact ion •·rould i nd ic2.te that �·re ight 

c o!:lpa:r i s on s . t o  b e  ac cu.T'a t e ,  should he mad e on a. wit hin-he rd-year 

basis i.i'l s e lec tion for the inprovement of c alf v;eaning 'l're igh t s .  Othe r 

interac t i ons involving year of birth . v;ith sex of calf and age of dam 

have been c ons id ered on pp . 1 5  a�d 1 9 , respec t iv ely. 

E .  Herd 

�!he re investigati ons int o fac t ors affect ing the weaning vre igh t s  

of b e e f  calves have b een carried out over a nunber of herds , 

d ifferences in v;eight s at v;ea,"'l ing an.ong the herds w·ould b e  e xpe c t ed ; 

reflec t ing differences in gene t ic pot ent ial for postpartum mat e rnal 
trait s  in the dan.s and for gro1·rth c apability in the calves , and 

d iffe renc es in t:lan agement a1d fe ed ing levels . 

In as few· as tl-iO he rd s ,  :L":lport a.."'lt d iffe rences in beef calf '�<reaning 

'\':eight s  have been rep o:t·ted by Pa..rmish et al. ( 1 96 1 ) and Ear.unud. a.<J.d C obb 

( 1 963 ) . From the viean ing ;.reight :r-ec or.:l s of 6364 c alves in 7 herd s in 

South Africe. , Bosma..YJ. and. E�·iin ( 1 967) part ic u larly n oted that the 

nature a:.:d r:agnitude of beh:een-herd variat i o:r:.s in the s ex-of-calf ani 

age-of-da� effect s ind icated t h e  need for appropriate adjustment fac t ors 
to b e  d eve loped �·ri th in a herd . Thi s  supported the c on tent ion of 

Gregory, Koch , Haz el and Ch.ac.b ers ( 1 96 1 ) that t he most ac curate 

adjustment s of 'I'Tean ing '·:eight for sex o1� calf and age of dan Here 
tho se developed in the he rd in which they i·rere to be applied . However 

for the est imates of t hese eff e c t s  to ac t as r eliab le adj ustme�t fact ors , 

part icula rly 'l'rithin year s  (Baker et al . , 1 974 ) , the he rd size shou ld b e  

relat ive ly lar�;e , a situat ion that is not CO!TI.!;lO!l in N'eH Zealand beef 

breeding herds ( Cairney and J{agnusson , 1 970) . 

Un d er Ne,..,. Zealand c ondit ions then , it w- ould appear that the 

c omput at ion of svitable adjustment fac t ors for beef cattle weaning 

weigh t s  should be from herds vTith similar prei·maning managemen t regimes . 

Where the mat ing pol ic ie s  of individual breed ers diffe r , . age-of-dam effec t s  

would t end t o  Var<J between h erds . For examp l e , the mat ing of " small " 

sires t o  yearling heifers i'rould t end to bias the perfonnance of younger 

dams relat ive to that of mature dams (Barl ow e t  a l . , 1 974 ) .  Apart from 

differential mating pract ic e s  c ontri1mting t o  herd effect s on \•leaning 

weight s , the influence of pre1<reaning feeding and management systems of 



calves , such as creep feeding or the use of nurse cor;s , may affect the 

accurac y of measure�ent of gene tic differences between calves for 

growth . Cundiff et  al . ( 1 966a ) ob s e rved that creep-fed calves tended 

to  averae;e 1 3  kg hee.vier a t  Heaning (205-days ) tha.."'l calves not on 

c reep fe e d .  The se auttors a l � o  c c:Jc luded tha t  despite s ign ificant 

(P ( 0. 01) differences in the type of pasture ava ilable up to iveaning , 
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th i s  fac tor 'I'Ta s· of little prac t ical i.Iuportanc e ,  acc ountin g  for approxi­

mately 1 p ercent of the total vari ation i..'1 'l'reaning !·:eight . Taylor ( 1 967 ) 
and Thornson ( 1 968) di scu ssed the fav ou rable influenc es of creep feeding 

and nurse c ow fac ilities in the Unit ed Kingdom on the 200-day weights 

of Hereford �d Angus c al-v- e s ,  respectively . As Cundiff and Gregory 

( 1 968 ) have sugge s t ed ,  the accu racy of me asur ing d i fference s  in maternal 

ability may t·;-ell b e  reduc ed. under su:r;ple!:.entary fe edir..g regime s ,  since 
c alves ¥."ill c copensate for d ifferences ;n O,:�rn milk produc t ion by 

c o�uning add i t ional feed in relation to t heir genet ic potential for 

gro�,·th and d evel opment . 

Unless the vario11s prei:e ani:1g fe e d ing &1ll rnana.genen t reg:i.nes can 
be identified and analysed accord m-c,.!_Y, the ir c ontribut i ons t o  t!1e 
t otal variation in Kear.ing ;·;eights vi ill be c onfounded i·ri th that of herd 

effect s . 

( 1 ) Literac t i ons L1Vol vir.g heru .  Interac tions involving herd eff e c t s  

1-:i t h  s e x  o f  c a lf ,  age of dam ,  and year o f  birth have previously been 

c ons idered ( pp . 1 5 , 2 1 , and 22 , respec tively) . 

III .  T"'.ciE fJ)JD S'I'I·��T OF \vE.A1HHG v:-ETGHT fu,""C ORDS FOR 
E.IJVIRORNElJTAL EFFEC TS 

Froo the foregoing it is cl ear that vari ous n on-genet ic s ources 
of variat ion have an important influence upon calf live"l'<eight s  at 

'l>reaning. Among the numerous :investigations reported in the l ite rature , 

factors such as age and sex of calf , age of d am ,  year of birth , ��d 

herd , may differ in their relative contributions to total variation in 
�'leaning vre ight . Hovrever ,  their absolute contribution to the total 

variation warrants further considerat ion if the accuracy of selection 

is to be inc reased. Attention has already been dra'l'm (p . 1 ) t o  the fact 

that reducti on in non-genetic sources of variation affecting an 

economically important trait can be achieved by means of the statistical 

adjustment of records. The a djustment of records for any given environ­

mental effect requires a base to which all oth er classes of that effect 

are expressed . Unfortunately problems can arise i'iith year of b irth or 



herd , sinc e  an arbitrary d ec is ion i s  nec e s sary t o  d etermine t he mos t  

su i table year or hel"d on Khich to bas e  c.dj u s tments . The c omputation 

of ad j us tment fact o rs for such sourc es of environmental variat ion 

c Oc' l d  b e  qu e st i oned , part icula rly •·:here sele c t i on on individual 
:pe:-forma.."'lc e is ope r::ting on a ;-d t hin h e r:l-year basis , a procedure that 
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i s  likely t o  be :no re me.s.rlin;ful u..'1der the pastoral c on d it i on s  prevailing 

in Ne1·i Zealnnd . On the o the r hand 1v it !1 environmental effec t s  such as 

2 ge and sex of c al f ,  a nd age o f  cam , computed adjustm ent fac t ors c an be 

ba sed on c riteria ;-ihich serve t o  i:.1cre.'lse bo th the validity of c o::parisons 

vri thin sel e c t i on groups , and the ac curacy with w·hi ch gene t ic meri t for the 

trait in que stion can be e s t imat ed . 

A .  Ad;iusment  for Age of Calf at Hea..'1ins-

Because of the u..'1avoidable variat ion in calf age s  at the t io e  of 

v.rea..'1 ing ar:d the exi stence of a po :::: i t ive relationsb ip b e hTeen 1-1e ight 

and age , accu:rc:. t e  c ospa ri s ons :·:i thin selec t ion group s requ ire 'I'Teight 

re:co rd. s  to be ad,justed to a standa�d a5e at ''ear.. inc; . .As a consequenc e 

of tl':e co!:!D0!1ly assumed l inee.r p revrean ing c;routh pat tern of beef calve s , 

·bw ne J.:hod.s of c.d j ust ing ;-reaning vr e ight record s  t o a s tand a rd a&e at 
Kean ing have rec e iv ed mos t att ent ion in tl:e litera -7.; ure . (I'or pu rposes 

of d iscuss ion the tv:o adjus-:;nent p roc edures vTi l l  sub s e quent ly be 

referred to a s  Hethod I and Het h od  I I ) .  In formula t ing a •·�e i ght at 

a standard age , b ot h  ret!:od I a..nd l{e thod II emp loy the f o l lmring approach : 

vl = i'i' t + avr ( t - t)  • • •  ( 2 .  1 ) 
a ....,.._ a 

d t  

rrhere : w = r:eaning weight ad justed t o  a 
a 

standard age ( t ) • 
a 

ri .L. = ectual l'Te ight of the animal ... 
t:ea..TJ.ed at age t ,  and 

dW = a measure of the rat e of 
dt 

cha.nge in wei ght . 

The two me tho d s  differ in their eva luat ion of this last variable , viz . 
the rate of change in vreight . 

Hethod I is the more universally empl oyed of the se t wo age adjustment 

procedures ,  and i s  the approach currently used in the New Zea land Nat'ional 

Beef Re cord ing Service (Anon . , 1 973a) . I t s  l'lidespread u s e  undoubtedly 

stems from the beef cat t le perf ormance rec ord ing re commendat ions of t he 

United Stat e s  Beef Cattle Rec ord s C ommittee Report ( 1 965 ) ,  and more 



recently from those of the Beef Improvem ent Fed eration ( 1 972 ) .  Thi s 

proc edure d ef ines the ra te of change in ueight in equation ( 2 . 1 ) as 

the average daily gain of the ind ividual from b irth t o  the t ime it is 

i\' eCiLed . Tha t i s , u sing the notat i on in e qua t ion ( 2 . 1 ) :  

1-rhere � 

dt 

w 0 

= 
... 

u 

= the weight of t he individual at birth . 

Al tr_ough J.ie thod I ha s been shown by S",;iger e t  al . ( 1 962 ) c;.n d  

c onfimed b y  Se l lers et al . ( 1 970 ) " • • •  to ran..lc calves in nea rly the 

SCGie order as m o re refined pr oc edures • • • " , it sti ll has b e en sub j ec t  

to some c ritic i sm. 

The ma in argunent s  ste=: fron hro d i sadva'!.tages i!:herent in this 

m etl1 od .  First th.e pract ical d iffictl l t i e s  ass o c iat ed v�ith record:L"'lg 

b irthvreibhts ha s often n ec e s s itat ed the use of b irthweights that are 

as s�ed c onstant eit h e r  vlith in breed anC. sex ( e . c;. , Uni t ed States Beef 

Cat t l e  Rec ord s C oli2Wit t e e  Report , 1 965 ) ,  o::- iiith in breed only ( e . g . , 

An on . , 1 973a ) . 
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J.n as s�!lption o f  c or:stant b-i ..,..tb-v;-eight s within d efined classes 

i:1evitably rai s e s  the q't.1 es-tion o f  it s su itability und er i:-idely C. iffe ring 

c or;d. i t ions . Revielving t he princ iple s  inv o lved in t h e  perfo:rmance 
rec ord ing of b <:. ef c e.tt le � HHr Zea land , Nagnus s on ( 1 973 ) e xpr e s s ed 

concern ove :r t he lack o f  info rmat ion ava i lable in Nev; Zea l2 n8. t o  evaluate 
thi s problem .  Hic e e t  al . ( 1 967) Daint a ined the. t t h e  calculn.t ion of 

av erage dai ly g;1ins us ir:.g a:: as sUJr.ed -o irthv;eight -vror. ld int:ro::i1.;.ce only 

a sma ll er:ror into the com�ut a t ions . Th is may be true provided that t�e 

birth•;e ight is assUI!!ed c ons tant v:ithin breed and sex . If n o  all mvanc e 

is made f o r  -v;eight at b irth then vTeight p e r  d ay of age is c a lculated , a 
cha.rac ter that -vre s f ound. by ��ur..ro ( 1 9G2 ) Kith 5373 wea.."1 ing rec ord s ,  t o  

have a spurious negat ive correlat ion with age . 

The sec ond d i sadvantage of Heth od I stem s  fro::� the a s su.rnpt i on th..-3- t 

each calf has grown at a c onstant rat e up to th e time of we ighing , and 

that this c onstant rate of gro"Vrth c an  be used t o  predic t l ive-vre ight at 

a given ( standard ) age . �linyard an d  Dinke l ( 1 965a ) with 2351  Hereford 

and Angus c a lves , and Sull ivan ( 1 967) with 1 6622 ca lves ,  ob served that 

the adjustment of weaning weights for age of c alf using Method I over­

adjusted the weights of c alves in the extreme age groups .  The ad justed 

vte ight s of younger calves were greater , ;·rhilst thos e  of oldcer c alves 
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ri'ere smaller than expected , had they been Hei t;h ed at the s t andard age . 

The exis tenc e of suc h  a bias impl ies that the c:.c tual rat e  of 

grCY.·rth at the t ime the standard age is reached is le ss t han that 

formula.ted by liethod I .  C onsequently lat e-born c a lves 1·ro c:ld rec e ive 

:::....."'1 ad j u st.r.:ent 1rt i c� biases their rec o :rf. s  u:rv-'ards ,  l·rhj lst the converse 

C:.p;Jl ies to ea:::-ly-born calves . If the actua l  rat e  of grmrth at the 

standard a ge is less t han th[;.t i'ormulat ed , then e it her Hethod I is 

in appr opria"!: e sinc e pre1·ree..."1i."lg groi·Tth patt erns are not linea:::- , or 

C!.ltc rnc..t :ively Heth od I rerr.ains alJ propriat e within spec if ied range s in 

t1:e age at •;e an ing . \Iith 1 280 mixed-breed c alves in 3a.tlaica .  Creek 

( 1 964 ) recor:1!llended that c o::1pari s ons sh oul d be me..d e  V7ith in an age r--ange 

of 60 days , t�� t  i s ,  withL< a toleranc e l imit of ± 30 days . On the 

otner r�nd tol e�ance 1 . • .J.. ..1.J.J:ll �.�S 0 -" . .!.. ... 45 da;:,rs �ld ± 50 days r...c.ve 'b een 

rec cmr:.end ed in the Un ited states (Beef I;:n:prove:nent Federat i on ,  1 972 ) 

c:.nd in Hew Zealand (Anon. , 1 973a ) , re spe c t ively . '\>[i t:h weekly ue igh i."lgs 

of 33 Here:ford. bulls on pc rfor-;.;_a_:r:c e t est in the Uni t ed Kincd o:J. , Le\·:is 

( 1 967) conc l'Jded th2.t alt hoc:gh the t olera!lc e l irr! its of ± 45  o r  ±. 50 da:)rs 

\";Sl'C t o u ;.,-id e  Kh er! the exac t m� grd tude of G.-.'1 ani.:!al ' s ad justed vleiE;ht 

-..ras d e s :i.rcd , in the c on text of lrit�l in-!-,.:::rd c omparison s  undc:- pP- rfo:-sance 
rec o rd. int; c on :l it ions , t:J.ese l imits v;erc suffic iently accur2.t c  to dcte:::-:::ine 
t:-le relat ive wagni tude of a,.;. aninal ' s c.d. j usted ueicht . 

It is p o s sib l e  that the magnitud e  of errors introdt:.ced through the 

use of I'iethod I depends on environnental C 0!1d. i  tions , particularly v1hen 

suet, c oncli t i ons a re s evere en our;h t o  favo-c.r non-l inear pat t erns of 

G!'O�·:th to l·rean:L.--:g . Tte lil::.e l iJ1 ood of erro rs occu...."Ting i..."YJ. ad justment 
:!:or age by thi s  meth od may inc rease \·rhen c alve s o.t ext reme age s are 

exp o s ed to dif£' e rent c l ima t i c  c ond it ions during the i r  dev el o p!Ilent t o  

-vre an in g ,  as P leasant s ( 1 974 ) h a s  noted • . The ext ent t o  "rrhicl-:. c l imat ic 

fa ct or s  d iffer dur:JJG the prerreaninc per � od a:1d. th e :D.Ul!i.bers of c alve s 

in the extrer:1e age groups , rroul d b e  expec t ed , on the average , t o  be 

great e r und er severe env ironment al c ondit ions such as those experienc ed 

i� th e tropic s .  It is not s ��rising therefore , th�t the age rc:.nge tha t 

t-ras acceptable to Creek ( 1 964 ) for a c curate c ompc.risons rTithin select ion 

groups , i s  less than the rant;-es c onnonly rec ommended in more t emperat e 
and developed region s .  

I t  h a s  been suggest ed ( e . g. , Lewis ,  1 967 ; Ric e et al. , 1 967) that 

by applying the princ iple of Nethod I ,  a more accurat e ad justment for 

age of calf can be made -vrhen two or more '1-reights exi st . Since ·a 

reduc ed port ion of the gro-vrth curve is being evalua t ed , the calculated 



average dai ly gains b etween the ue ights 1'1ill nore effectively refl ec t 

weight chenges in the vic inity of the standard age at i·reaning. Creek 

( 1 964 ) c o nclud ed that for ind ividua l c omparis ons , adjustr:ent s based on 

hro weight s 1•ihich did no t braclce t t he standard age (21 0 days ) , 
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e�� ib it ed the S2.rle bias t m-:ard s you...."lger calves as d id the single-•rej gh t  

a d .justments , implying a curvil:L.J.ear grO'i;th patt ern und er the c or:d it ions 

of his st udy . His ad justmen t s  based on tvro 1·1eight s bracke t :ing 21 0 days 

and 1-ri th in the age range of 90 to 270 days , tended to hav e the same o rder 

of acc t:.rac :;.r as those derived fro!:l. a single vre igh :Lng wi thin a t oleranc e 

llliit of ± 30 days . It me..y be possible therefore , t o  apply the Hethod I 

ad justment proc edure � Hith01..'-t ma j o r  re stric t i ons in age t o l e ::-ance 

li:J.it s ,  under condit i ons in vrliich the prevrean ing e;ro1¥th rat e s of c alve s  

are kr"o1m t o  var-y a s  they ap:;Jroach 1·;e&n ir;r; age , provided that at l east 

hro HeiQJ.ts are rec ord ed at c.ges on e ither sid e of the stand ard ae;e. 

The sec o::J.d nethod. of adj t:.st ing calf Heights for age at v;eaning 

( r:ethoc II ) ,  interprets the rate of change in veight defined in 

ec;_u.at i o.:J. ( 2 . 1 )  a s  the l inear regre ss ion c o efficient of \·:eight on a ge .  
In estir::at ing t�e re.;::!:'e s s ion co efficie:1t ,  the 1-1eight-ace ::-e lc..tionshi.p 

i s  in fact be:L."lg evalu.::.. ted vri th:L.1 2. range of aces abc-.;.t t!:e stand ard age 
tl'1..at is dete r:1ined by -the data at hand .  It c o; � ld be argued that in 
CO::!parison Kith single-1·:-e ight rec ord s adj usted for ae;e by I·:ethod I ,  

Hethod. II  n;ay d erive some advant age sinc e the esti.r;,ated regre ssi on 

c oefficient i s  in d icative of the >l'eight-age rela t i on s.h ip of the p opt:.la.t icn 

over a sma ll er portion of t!1e grm.;i;h curve.  This argt:.ment a s sumes that 

grovrth i s  l inear ove:;:- t!1e portion of the groi·;th curve t o  '\'Th i ch the 

ad jus tments are t o  be applied may be more justifi ed than the as sunpt ion 

of Heth<Yl I ,  "�her e grm·rt h is c ons id ered to be linear from birth t o  

weaning. O n  the other hand , if t he populat ion is small , or i f  c orre lat i on s  

b e h:een \·: e ight end age a::-e lmr ( Creek, 1 964- ) , the "J. S G  o i'  t-J:e th od II in 
ad justing we ight s for age at '1-Tea..Tling may b e  of li.r.J.it ed valu e .  

1>1agnusson ( 1 973 ) co nsid ered that .by def�"ling t h e  regression c o­

eff ic ient a s  the ra t e  of gain at vreighing for a l l  animal s ,  when " 

it is obvious that there is vlid e variat ion in rat e  of ga in • • • " , there 

is a loss in the efficiency of select ion sinc e the variat i on between 
individuals is ignored . Baker et a1. (1974 ) have argued that " • • •  on 

stat i s t ical grounds • • •  " ( details not given) , the adjustment of '�>Te ights 

fo r age by proc edures involving regress ion of Neight on age such as 

Nethod II , is more accurat e than ad just!:lent for age by He thod I .  
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Tab le 2 . 7  presents so!Le of the published estimates of the 

regression coefficien t s  of v.'ei.;ht on age in beef cat tle . The maj ority 

of estitlates appear t o  fall with in the range of O . Ll O  t o  0.85 , 1·1ith  a 

r::.odal value of 0 . 68 and a raw mean of 0 . 67.  Fo�alizing Hethod I I  as 

in eX}_)re s s i on ( 2 . 1 ) ,  illustrat e s  t h e  u s e  o f  l inear regression of v:eight 

regre s� ion coefficient is added or subtracted for each day of  age und er 

or over the star!dc:rd age , respec t iv e ly . Such a proceC.c;_re vm s u sed by 
\·:il lians o.:ld Hurphy ( 1 958) and. Eagee et al . ( 1 96 1 ) to u.d just t�:.e >·;eaning 

"�c:_ghts of 1 957 and 326 beef cdves to a st.sndard age of 2 1 0 a::1d 1 80 days, 
rc:: spec tively. 

An al terne.t ive procedure t o  Eethod II ( ;ihich ;·rill sub s e quently be 

i."lv olves a m".lt i:p1 ica:t iv e  c o::Iput a t i o n  of age-

c.djt-'-Bted Hean ing 1·:eight s based on the l ine3.r regre ss ion coefficient of 

• , J. "'' . • , - , � 1 '  ,J ( � J_  T hn d D .  , _ 1 ;.;e 1.g::. -. on age. l'n:::. s  r.:ec;:J oG. Q.ay ''e r o m a  J.Zeu. a1 �er .; O  s o n  en D1Ke , 

1 5:5 1 ) u s ing the notc.t i.c 2:. ci.efj_ncd i:1 equat icn (2 . 1 ) e.s follo1·rs : 

\·r�ere : 

That is : 

wh ere : 

-'­... . l 

t .  J. 

t 

d t  

= 

= 

= 

= 

= 

= 

T O  ... ·· � " 
( t - t .  \ I a 1 

.L .1- - J \ t. - vj_ j 

of vieight on c::ge on t!le e.e;e axis . 

y{ - * (t) 
di·T 
dt  

t h e  mean vreight a t  vrea.Jling. 

the mean e.ge c.t wec.ni!lg, and 

. . .. ( 2 . 3 )  

the rate o �  change in weight , which i s  defined 

c.s the e s t inw.ted l in ear regre s s i on c oeff:i cie:1t 

of weight on age . 

Botki.'IJ. and Hhatley ( 1 953.) c.djusted 701 ;.reaning v;eight records to  

a standard age of  2 1·0 days by this procedure . Ninyard and Dinkel ( 1 965a) 
compared the non-adjusted Heaning l'leights of 235 1 Hereford and Angus 

calves vri th those adjusted for age by Hethod I and by Hetbod I I I .  In 
order t o  evaluate the effectiveness of the tv;o methods of ad justment , 

the intra-class regressions of vreaning weight  on age lrere c ompared f or 

the three groups of date ,  as illustrated in Table 2 . 8 .  This crit eri on 

of evaluat i on was justified on the grounds that age-adjusted ueaning 
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TABL:F: 2., 7 :  Pub J. i 8hed. esti nat f'O s  of bnea.r regres s ion 
c oefficient s of 1 ;ca._n ing 1·:eight (b;) on 

age 2 t  vrean jng (days) in beef cattle 

l�umber 
of records 

1 306 

793 

1 692 

2351  

21 9 
1 86 1  

701 

)26 
61 9 

54 6 

1 621 

Breed* 

H 
u 
.:..L 

H 

H 

R 
H , A.  

s 
Hi , IT ,  RZ: 

A 

H 
E 

H ,A 
E 
H 

A , TI , ILX:: 

E 
s 
A 

.A , H , P'""X:: 
H 

A 

H 

Regre s sion c oefficient 

0. 32 

0 .4 1 a 

0 .42  

0 .44 

0 .49
a 

0. 54 
r. ' 5a Vw :J 
0 . 63 

0 . 64 

0 . 65 a 

0 . 66 
0 . 68 
0 . 68 

0. 70a 

0 . 72a , c  

0. 76 

0.81 a 

0. 82a , c 

o. 83a �b 

0. 95 

0. 97a b 

1 . 03 

Authors 

Hahmud a..>J.d Cobb ( 1 963 ) 

Evans et al. ( 1 955 ) 

Alexand er et a l .  ( 1 964 ) 

Ve s e ly ar.d. Rob ison ( 1 971 ) 
�van s  et a l .  ( 1 955 ) 

Hi..rJ.ya:r-J and Dinkel ( 1 965a) 

Gottlieb et al. ( 1 962 ) 

La"l'mon m1d P eters { 1 964- ) 
Ha!!l.ann et a l .  ( 1 963 ) 

Bailey et al . ( 1 972 )  

Botkin aEd Uhatley ( 1 953 )  
��gee e t  al . ( 1 96 1 ) 
Singh et al.  ( 1 970) 

Bailey et a l .  ( 1 972 ) 

Baker et al . ( 1 974)  

J .  B .  Bu.rt;ess e t  al.  ( 1 954) 

Gottlieb et al . ( 1 962)  

Baker e t  al .  ( 1 974 )  

Baker et al . -( 1 974 )  

Ranrin et a l .  ( 1 966 ) 

Baker et al . ( 1 974 )  

Koch ( 1 951 ) 

* R = Hereford ; A = Angus ; S = Shorthorn ; Hi = Highlander;  

RX = Reciprocal crosses anongst the breeds specified .  

a 
Estimat es obtained vTithin herd or line.  

b Estimates obtained for males. 

c Estimates obtained for females . 



TJJ3LE 2 .. 8 :  

Deg1·e es 
Source of 

freedom 

Total 2350 

Regres s i on of 1-re.::u1ing -,.;e-iR::!lt (y) on e.ge e..t 

1-:eaing (:x) ••ithin farm. year. and month of 

birth 

(.Ade..nted from Einyc:rd and I'wkcl , 1 965c. ) 

3 1 . 

No age 
adjustment 

Eethod I age 
e.dj"u s t.:ne!lta 

I·J:ethod III aGe 

e..d jus tmentb 

b (kg) b (kg) yx yx 
b (kg) 

yx. 

0.58 -0. 20 0. 1 3  

\'iithin 
subc lasses 2 1 62 0. 54 0. 1 0  0.07 

a 

b 

See equations ( 2 . 1 ) (p. 25 ) ��d ( 2. 2 )  (p. 26 ) for details of this procedure , 
Birth weights 
re spec tivel:;..r ,  
assumed. 

( Y.! ) of 31 • 8 J.r..g and. 29 . 5  Jr,g for bulls and heifers . o 
a.�d a Gte.nC.ar-J at;e at r:ea.."l:ing ( t ) of 1 90 days , were a 

See equations ( 2 . 3 )  and ( 2 . 4 )  (p. 29 )  for details of th is procedure . 
A standard age at weaning (t&) of 1 90 days was assumed . 



weights ,  for any ad justnent procedure , should be independent of 

calf age . B oth methods of age adjustment shovmd a reduction in the 

t otal and intra-class regression coeffic ients.  I•iethod III shoued a 

s lightly great er independenc e of calf age th an Hethod I ,  leading 

J-:inyard anJ. Dinkel ( 1 965a )  t o  s:.::ppcrt th:.s proced:c.re in c:djust inc 
Keaning •·:eight s for age , although the diffe renc e s  beh;een the t1·10 

methods in this regard \'iere small (Table 2 . 8 ) . 

3,, c. .  

An analysis of four met:r..oO.s of c.ge-of-calf c.djustment vrith 1 6622 

wEOaning \':eight record s , indico. ted to Sullivan ( 1 967 ) t:r...a t a multi-

plicative l inear method of adjustment 'l'ras the 11 • • • most efficient • • •  1 1 • 

It c an only be assumed from this author' s abstract that the 

mult iplicative li-11ear r:Jethod of ad just!!lent for age of c alf tr..a t  1ras 

e!!lployed , applied the prL'1 c iples out l ined for Hethod III on p . 29 .  

�urther.Tiore , the criteri on of efficiency used b y  Sull ivan ( 1 967 ) to 
evaluate the various age-of-calf adjustment proc edures vra s  not discussed , 

and as Searle a....'1d Hende�on ( 1 960 ) have point ed out in re lat i on t o  the 
a d j ust nent for age effe c t s  on production in da iry cat t l e , r:.o s a t isfact ory 

crit erion appears t o  evalu.:1t e adequat ely the eff ec t iver. e s s  of age 

adjustment proc edure s .  

One pr oblen that arises -v;ith any evc.;.luation of age adjustment 

proc edures i s  t he quest ion of ;·rhether the adjustments should be applied 

additively or reultipl icatively. Both approaches app ear to equalize 

means beh;e e!l ad j us t e d  grOLips , but t hey d iffer in their effect on 

vs.riances vTithir.. adjust ed groups. Add ing a c onst<L"lt positive or negative 

value >·!ill not alter the v2.riar.ce \'Ti thin 2.djusted gro11ps 1 lvhile multi­
plic ative factors raise or lower the variat ion depending on 1-1h e ther 

the adjustment factors are larger or smaller than unity (Cundiff , 

Willham and Pratt , 1 966b ) .  Cund iff et al. ( 1 966b ) therefor e ,  c onsidered 

that adjustment fact ors 11 • • •  should equalize means betw·een subc lasses 

and variances within subclasses • • •  " . The equaliz ation of ;vi thin­

subclass varianc es is reflected by c onstant coefficients of variation. 

Brinks , Clark, Rice and Kieffer ( 1 961 ) and ·creek and Nestel ( 1 964 ) 

followed the deduct ions o f  Koch , Gregory, Ingalls and Arthaud ( 1 959) 

that additive ad justmen ts were appropriate when s tandard deviations 

uere equal , and that mult iplicative ad justment s  ·Here appropriate when 

the coefficient s of variation 1-:ere equal. Houever , Se arle and 

Henderson ( 1 960)  have noted that aside from being " • • • a useful adjunc t  

for any set o f  age-correction factors • • •  " ,  the use of a c on stant 



c oefficient of variation as a c riterion of effect ive age adju stment 

is qu est ionable , parti cularly v;hen it is app l ied to othe r type s of 

ad j u stment s such as those for enviroP�ent al t rend s .  

3 .  Adlu s twen t for Sex of Calf 

Khere sele c t i on is pract ic ed on indiYidual pe rfo!'::lanc e n e r  s e , 

it is Uim e c e s sai7 t o  adjust the r�eaning '·:eigh ts of calv e s  for sex 

si.r:c e p ot ent ial ma le a:ud fema le replaceu:e::J.t s '\·:i l l invariab ly b e  

c ompared >v ithin the ir re spec tive s ex grovps .  Eouever, the need for 

an a dj ustnent for s ex of c alf c:.ri ses vrhen eva lunt ion of sire progeny 

gro� ps or of darn summary �format i on is des ired . 

The adjustment of r;eaning wsig.."1.t rec o:rd s to  a base sex c la s s  

at t e;npt s to reduce the c on ��:ribut i on of sex t o  total var ia t io n  in 

i·:eaning 11eight by est imat ing the weight of an an:i.nal had it been of 
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the base sex u.nd e:r the �e enviro1:2.men tal c ond it ions . \·ieights  adjust e d  

f o r  age at HeB.l'l ing and ace of d e..n , are C O!:l!.'lonly adjus te d t o  a male 

basis , rrith rec o!Till!e nd.at �ons f er bull-breed.ing herds t o  ad just t o a b".J.ll 

basis a�d fo:r c ommerc ia l beef m1its t o  ad just to a s t eer basis ( e . g. , 

Beef Improverne-nt FE dera"t i on , 1 972 ) .  Both ad.d.i t iv e  and. l!lUl tipl ica thre 

ad justment factors r..ave b e en a.dv oc at ed to a.djus t vl'ean iJlg \•leights for 

diff e renc es b etween c alv e s  due t o  sex . Add it iYe fac t o rs are computed. 

from the averaGe d ifferenc es betl{een the respec t ive lea st-square s sex 

means i'rhil st mul t iplica t iv e  fa c tors are ob tained fron the rat ios of the 

respec t iv e  least-square s sex neans.  

Among others , Koch e t  al . ( 1 959 ) , EriTL� e t  al . ( 1 961 ) ,  �oger 

et al . ( 1 962 ) ,  Vernon , Harvey and Wanrick ( 1 964 ) and Hinyc.rd and Dinke l 

( 1 965a )  haYe rec ommend ed the use of mult ipl icative adjus tment fac t ors 

for sex, primarily f or t he resulting greater equality of me ans among 

subc lasses and variances vrithin subclasses associated Hith this proc e du re .  

Further t o  this c riterion , B osman and Hanrin ( 1 966 ) preferred multi­

plicative adjustment factors with liveweight data s ince they regarded 
IivevTeight grovrth to be basically a mult iplic at ive proc es s ,  while 

Linton et al . ( 1 968)  c onside red that mult iplicative adjustment fact ors 

for s ex l·rould also reduce the size 11  • • •  of some interac t ions . . • 11 • Thi s 
last poi.."lt v1as in agreeJ;lent i·Tith Cundiff e t  al.  ( 1 966b ) ,  who found vlith 
1 3937 Hereford and Angus calve s tha t in addit ion to more nearly 

equalizing variances vti thin sexes ,  multipl icative adjustment factors 

appeared to ac c ount for an observed interaction between sex of calf and 
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type of ma."lagement ( creep- versu s non-creep feeding) �..-he reas additive 

adjustment fact ors d id not .  'flith 2 5 309 Angv.s and 68850 Hereford 

calves rec orded over a period o f  8 years , Schae ffer and Hi l t on ( 1 974b ) 

regaTd ed that within type of management , the absenc e of an import ant 

interaction of sex Hi th t i!:2e il::plied. rele. t i  vel �' constaJ: t d i i'fereDces 
over time � which sugge st ed the suitabi l ity of additive rather than 

multiplicat ive sex-of-calf adj ustment fact ors . 

Table 2 . 9  pre sents sowe of the nult iplicat ive and additive adjustment 

fact ors that b.ave been cc:.lculat e d  t o  adjust the •:-eaning -.�ei chts of c alve s 

fer diff erenc e s  due t o  s ex .  Est �ates of ad justsent fac tors for sex 

of calf were published by Petty and Carhrrigh t ( 1 966 ) i.TJ. 1·1h ich addit ive 

differenc e s  were 0. 0 kg . 5 . 4  kg �"ld 1 7 . 2  kg and nultipl icat ive fac t ors 

\·rerc '! . 00 , 1 . 02 and 1 . 08 f or bu l ls , steers and he ifers , respect ively. 

Factors rec o�ended in the Un it ed St ate s  by the Beef Improvement 

Fed erat ion ( 1 9 72 ) �'1-..rolve rc:ultiplicat ive adjustment fact ors of 1 . 1 0  for 

heifer ·vreights <.:.nd 1 . 05 for steer '\·;e ight s v�he re ad j ustment s to a bul l 
basis are d es ire d ,  and fa c tors of 0 .  95 for bu ll  vre ights and 1 � 05 for 

heifer \·I e igh t s  r.here •;eigi:lts  a r e  to be adjus"!;ed tc a steer basis . In 
l�evr Zealand , the Hational Beef Rec ording Sche::ne ( Anon . , 1 973a )  add itively 
adj ust s the 200-C.ay WE: igh t s  of heifer calves to these of bulls by adding 
t he difference behreen the ravi Dean •�eight s for er.ch s ex ,  provided that 

there are at least 20 animals of e ach sex. \\'here there are fevrer than 
20 animal s of each sex , an as sumed d iffe renc e of 1 1  kg is added to  the 

age-adjust ed 1o:e igh ts of heifers . 

C .  .!d.4ustment for Age of Dam 

In view of the reported import ant a ssoc:i ations in beef cattle- beb;een 

age of dam and milk product i on a.."ld beh;een milk product i on and weight of 

calf weaned (pp. 1 8  and 1 9 ) ,  weaning weight records shou l d  be adjusted 

for d ifferences due t o  age of dam for ac curat e comparisons 1vithin s election 

groups . The base age t o  which "'eaning "�>:eight records are ad justed for age 

of dam has been by tradit ion the age of maximum (calf wean ing weight ) 
prodD ction .  

i'lithin the North Ame:dcan dairy industry the advant ages and dis­

advantages of adjusting production record s  t o  base ages othe r than the 

(mature ) age of maxiw� product i on have received attent ion recently 

(HcDanie l ,  1 973) . P . D. I�liller ( 1 973 ) d educed that the base age t o  which 

dairy rec ords are ad justed by oultiplicative procedure s has l i t t le 



T!�BLE 2 .9: 

r·;ul tif)l icat ive : 

Bull basis 

Steer basis 

Additive (k;e) : 
Bull basis 

Steer bas i s  

* V = Yarious 
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Pub lish ed mvJ t i  pl i c at i 1re e.r,d additive 
adiust�s nt fac t ors for sex of calf on 
the •·rec::n. inr Ncig:.,.ts o:f beof calves 

Bre ed* 

V 
H 

E , A  
H 
A 

V 

TT • n , a 

A 
H 
A 
Ei 

h 
J.X 

H 

R , A  
A 

H , A  

H , A 

H 
A 

H 

A 

breed s ; 

Bull Steer Ee:i fer 

1 . 00 1 . 07 

1 . oo 1 . 08 
1 . oo 1 . 08 

1 . oo 1 . 08 

1 . 00 1 . 03 1 • 1 0 

1 . 00 i . 06 1 • 1 1  

1 . oo 1.12 1 . 15 

1 � 00 1 • 1 6 
1 . oo ·; . os 1 • 1 6 

1 . CO 1 . 1 1  1 • 1 6  

L GO 1 ..  1 8  

1 . 00 1.05 

1 . 00 1 .06 

o. o 1 1  • 3 

0 . 0  1 5 . 5 

o. o 6.8 1 8.2  

o. o 20 . 6  23.6 

o.o 6 . 8  

o . o  9.5 

o.o 12.7 

o . o  13. 2  

o.o 18 . 1  

H = Hereford ; A = Angus ; 

Auth ors 

Bosman and Harwin ( 1 967) 
La s l ey et al. ( 1 961)  

Hi..'1yard and Dinkel ( 1 965a ) 

Koch et al - · ( 1 q�-' ) � I ) 
Se llers et al . ( 1 970 ) 
�Ie>.r:c·en e t  al . { 1 q r .-- ', \ · � O J ,  

Cund i:ff e t  al . ( 1 0,.-,.-b ) . � 0 0 

See beck G..'1d C ac:pion ( 1 964 ) 
Sellers et al . ( 1 970 ) 

Ea:dm·t e t  c.l . r � o7.1 )  \ I � ' 

See beck and Ce::.pion ( 1 964 ) 
Brir.-ks et n.l . ( 1 961 ) 

Bair et al . ( 1972 ) 

Las ley et al . ( 1961 ) 

J{in:y-arc. 8..1'1d Dinke l ( 1 96 5a) 
0'  �;ary a..'1d Ament ( 1 961  ) 
Cur.d iff et al . ( � 966b ) 

Ha.gee e t  al . ( 1 961 ) 
Brinks e t  a l .  ( 1961) 

Will ians and l<Iurphy ( 1958) 

\•Tilliam s  and J.�hy E195s) 

Hama..nn e t  al. ( 1 963) 

.AY.. = Angus- or 

Hereford-s ired calves out of Angus-Eo lst e in dams . 



influenc e on the accur�cy of the ranking of individuals . Where 

adjustment fact ors are app l �ed addit ively the base aee similarly does 

not affec t  the ranking of indiYidual s .  

Follmdng the terminol ogy of P . D .  Jlliller ( 1 973) v;here p o ssib le , 

end. apply:!.!"& the p::'oof to  beef catt le : 

If A 
0 

A .  l 

Y .  l. 

= 

= 

= 

the mean vreaning -v:eicht production 

level for the base dam age . 

the mean ¥leaning weight production 

level for the i
th 

dam age , and 

a rec ord for a calf ad justed t o  � 

star.dard age at 1-reaning out of a 
cm; c alv ing a t  age i ,  
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then a c alf ' s rec ord ad j usted reultiplic at iYely for a c ow c alving c.t age 

; (�) nay be defined as : -
i 

= I A \ 
Y_. ( ....2. I 

]_ A I , i J 
The d i ::'fer er;ce betv;e en hw such rec o rd s is : 

= 

= A (yi - �) 
0 A .  A .  l J 

The base means wou ld b e  expected to aff ec t not only the magni tude of 

c ompa ri sons b e tween adj usted rec ord s , but al s o  the ext ent of variat ion 
among adjust ed record s .  

The ratio of any two adjusted rec ords is : 

= 

= Y.A . 
-2......1. 
Y .A .  J l. 

;.�hich is unaffected by the base mean. Therefore the rankings of 
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individuals are invariant t o  the dan aee t o whi ch adjustment s are based . 

A calf ' s  rec ord t:r.at i s  a�justed addi tively for a C OH c alv ing at 

age i (�) may be define� a s : l 

= y + (A - -'> � ) 
i 0 . 

a!'.d. the differen c e  behreen ::r!lY hw 2.d justed rec o rd s i s : 

-1: - y� l J 
= 

= 

(Y . + A  - A . ) - (Y . + A  - A . )  l 0 l J 0 J 

(Y .  - A . ) - (Y . - A . ) l l J J 

ThG base �ean ''oul d r1ot be expec ted t o  affec t either the magnitude of 

any cor:rpari son er tl:e extent of variat ion anong adjusted rec o rd s .  The 

r2.t io of adj ust ed rec ord s hcvrevcr,  d o e s  d epend on the base age : 

r. (Y_, + l� - A . ) _];, = -'- 0 l 
y...a (Y - + A - A _ ) 
� j , 0 J u 

b u t  t o  show· tha t the rankings of inC. iv id.uals ch2..."'lge , it mu st be 

de::1on� t:r2.tei th r: t  i� : 

then : 

\-rh ere : A' 0 

C on sidering rat i o  

(Y . + A  - A . )  l 0 l 

(Y . + A  - A . )  J 0 J 

where : a .  l 

and a . J 

= 

(2 . 5 )  

= 

= 

(Y . + A  l 0 

(Y..; + A 
J 0 

(Y .  + A '  , 0 

- A . ) � 1 '/" • • •  ( 2 . 5 )  
- A . )  J 

- A) � 1 
- A . J 

the mean 1-;eaning 1-m ight product ion leve l 

for an alternative base dam age , such 

that A'  # A 0 0 

, suc h  that : 

Y .  + a . 1 1 

(A - A . )  0 1 

(A - A . ) ,  0 J 

the rat io of rre ights ad just ed t o  the alternat ive base age can be 
c onsidered as : 



Y .  + A - A. .  J. 0 J. = 

Y .  + A '  - A. .  J 0 J 

= 

= 

where � k = 

By d efinition in ( 2. 5 ) : 

vihich implies that : 

Y .  + A  - A . - A  + A ' 
J. 0 ]_ 0 0 

Y .  + A - A . - A + A ' 
J 0 J 0 

Y .  + a .  J. J_ - (A - A ' ) 0 0 
V + a .  -� .  J J 

y- a .  
-i + l 
yj + 

a .  J 

(A - A I )  0 0 

(A 
k 

k 

Y .  + a . ' 1  J. l .f Y .  + a . 
J J 

A� ) 0 V 

• 

(Y . + a . ) � (Y .  + a . ) 
J. J. , J J 

0 

• • •  (2 . 6 )  

��d subtrac t i �g a constant (k) fro� both sides of expre s s icn (2 . 6 )  
ui ll not al ter the defined i::equality. 

That is : 

and : 

( y .  + , ) ' (v 
. l ai - K f -j + 

V + a .  k -'- .  f 1 J. J. 
Y .  + a .  - k I J V 

a .  - k) J 
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It can be conc lud ed therefore tr..at v;h en records are adj usted ·additively, 

the ranJ::ings of individual s  are inve.ria.'"lt t o  the dam e.ge t o  vihich 

adjustment s are based . 

In contrast to the United States ' dairy indust ry,  the relative merits 

and I>roblems involved in adjust ing �reaning weight records t o  a base 

dam age other than the age of maximum product ion have not yet been fully 

investigated within most beef catt le industries .  It is possible that 

there is no reason to change the base age t o  one other tr..an 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. 2 ) . 

�10 convential methods of calculating adjustment factors of age of dam 

by least s quares , are first to compare the averages of all records made at 



each age ( the Gross C ompari s·on Method ) ,  and sec o!ldly to  compare adjacent 

rec ord s mad e  by the same C OI<T ( the Paired C ompn.r i s on Ilethod ) .  'l'he 
difficulty with e i ther of these proc edure s is th:1t the effec t s  of 

selection can bi as the e s t ir:lated ae;e effec t s  fron those of t b e  t rue 

The nature of this 8 i a s  �;a s first d is cu ssed in relation t o  dairy 

cat t l e  by Lush and Shrode ( 1 950) and s u b s e quen t ly applied t o  beef cattle 

by Koch and Clark ( 1 955a) . Brie fly , if c mrs are culled at each af:e for 

l m<T proC:uct icn then elder age groups \Wt:ld c ontain a larcer proportion 

of hi.gh-produc ing c o-..rs than the younge r  age groups .  There fore , age-

of-dWl ac j us-twent fc.ct ors C OI:lputed by t h e  Gro s s  C ompari son I iethod 
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vroul d  i:Je biased up;-;c.rd frou the true abe eff ec t . The Paired. C onparison 

Hethod attempts t o  avoid such effec t s  due to s e lecti on ( i . e . , el i.winat ing 

C. :Lf:f erenc es b eh1ee!l c c::-:par i ng the ch ange in production of 
adjacent rec ords of the su.tJe e o-;-; . Tnis me th od h o1.;evcr , introc.uces  

a dm-m1mrd bias fro;n the true age effec t because o f  inc onplete 
repeatabil i ty of r:ee.11 i.ng vre igl':.t rec ords by the s2.:1e c ow .  Lush and Shrode 

( 1 950)  c cn s .:Ldered. t:t.?.t because the biases in th e Gros s  Cot::pa:::'i son c.rrl 
Pai red � . v vm.pa:rJ. s on methods ;.;ere j_r_ op:po s i  te d.irec t i ons , the -'�rue aee 

cha.TJ.ee s:t ov ld lie b ehre en t he a:;:parent age chanees c omputed by the hro 
methods.  They further pointed out that errors in ad j ustment fac t ors 

amounting to le ss thF-n on e quarter of a standard devia tion of a C 01·< ' s 

e s t imat ed produc ing ab ility v:ere of little prac t ical import anc e . 

Koch c.nd C lark ( 1 955a) e s t imat ed the repeatab i l it y  of ad jacent 

weaning w e ights ( t ) " • • •  from an other study • • •  " and at t empted to derive 

unb iased estimat e s  for age of d am by proportioning the d iffe:renc es­

bet¥reen the Gross C omparison and Paired C ompa rison :rn.e thoC.s a s  t/( 1 -t) for 

each age-of-dem class . They concluded that the re sult ing c ombinat i on of 

e s t imat es from t he Gross and Paire d C omparison methods repre sented the 

" • • •  best e stimat e s • • •  of the eddi t iv e  age effec t • • •  " . Table 2. 1 0  pre sents 

the estimat es of Koch and Clark ( 1 955a ) of age effects relat ive t o  a 

6-year- old c m� obteined by the Gro s s  C ompari son . Paired Compari son 

and Combined method s .  It can b e  seen that the Combined estimat es are 

intermediat e between tho se derived from the Gross and Paired C omparison 

methods . 

1•1arlol'Te et al . ( 1 96 5 )  c o:rn.pared the Gross C omparis on and Paired 

C ompari son meth o ds of computing ad j ust ment factors for a ge of dam for 



T.ABLE 2 . 1 0 :  

Procedure 

Gross C omparison 

Paired Conparison 

Combinedb (l-e-) • \. "'""'"t:! • 

Add j t ive adjus tment fac tors for age of dam on 
;.;-ea.11 iYL£! l:ei;zo:ht ob t -<> ined by G:ross C om pari son � 

Pa ired C o�pari � on an d  Combined proceduresa 

(Adapted from Koch Rnd Clark, 1 955a) 

.Age of dan (years) 

7; 4 5 6 7 8 -' 

(kg) : 21  1 0  4 0 4 

(kg) : 1 6  6 2 0 2 5 

1 9  8 3 0 3 

a 
Estimat e s  are pres ented relative to  a 6-year-old c m-r ,  to the 
neare st l:ilogram. 
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9 1 0  

3 7 

9 1 6  

5 1 1  

b 
C onb ined e stiir.ates derived by proporti021ing the diff e rence beh;e en 
the gross and paired cor;rpari son n:e t!:ods as t/( 1 -t ) ,  •·•here t ,  the 

:!'epec.tal�il ity o f  ad.jecent <;ec...'1 i.'1g \·;eights , is defir::.ed as 0 .46 .  



the prey;eaning average daily gain rec ord s  of 8972 .Angus calves and 

521 0 Hereford calve s .  Both nethcds produc ed s imilar re sul ts for 

each bre ed, l eadi."1g the authors to c onc l t:de that s e lec t ion for milk 

pr oduction in beef coHs was either not pract iced or vl&.S ineff ec t ive . 
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S:U:ce least sq_�res est i!!ls: i cn of age- cf-dar:: c..djustr:;e.:1J.; fac t ors 
i s  coiLp l icated by the prac t ic e  of c ulling on t he basi s of p e:rformar:ce , 

Hend erson ( 1 949) illustrated the sui tability of " • • •  maxim� l ikel ihood 

• • • 11  proc edure s to e s t ime.t e environmental effe c t s  under c ond it i ons of 

s electi on for psrforwance a"1d o f  inc omple te repeatability of performanc e . 

( Current t erm in ology n ov! refers to the s e  pro c e dure s as "be s t  l ine ar 

unbiased e s t irilat ion" proc edure s � Henders cn , 1 973 ) .  

To obtain unbia s ed e stimet e s  of age effects using best linear 
unbiased est;rnzt ion , the rat i o  of spec ified vari e..nc e  c o!;:ponents must 
be knovrn. In rela t i o::l t o  dairy cat t le ,  Rend er son ( 1 958 ) drew attent ion 
to the biase s in estii:Jat e s  of env ironmental t rends c ac:.se d  by errcrs i."1 
age adjustmer.t and. repee.ta bility (<::. func t ion of Yarianc e c o:::�ponent 

-�- �  \ ra � ..1. os 1 • Hend erson , Ke:nr: th crn e , Sear le a.TJ.d V on I(ros igk ( 1 959 ) sub-

sequently exp�"1ded the methc� towards the e s t imat i on of ge �etic �TJ.d 

envi ronmente.l trend s . This the o ry is also applice.ble t o
· 

the e s t ina-: j_on 

of age effects .  
Mocel s  L�vo lv ing b e st l inear unb iased e s timat ion pro cedures for 

the e s t imat i on of the effects o f  age o� product ion have b e en suc c e s sful ly 

appl ied to dairy catt le rec ord s of prod uct ion by such vTOrker s a s  

R . £ .  �li l l er , Harvey , Tab l e r ,  HcDan ie l and C orley ( 1 966 ) , P . D .  J.lil ler 

and Hend erson ( 1 968 ) , P . D .  Hiller,  Lentz a...Tld Henders on ( 1 970) , 

Wunder and Hc Gill iard ( 1 971 ) and P . D .  l'iiller ( 1 973) . Be s t  linear 

Q"1b iased estimat i on ,  arising fr om mixed mode l  tecrill ique s ,  has the most 

appeal in e stimating age effect s since least squares e stimates as sume 

that c o-r; effects are completely repeatable over years whereas best linear 

unbiased e s t imat es d o  not , employing both within-cm., and among-co"t-T 

differences  (R.H. r·iille r et a l . , ( 1 966) . 

The �e have been few app l ic at ions of be st linear Q�biased 

estimation techniques to beef cattle record s in order to d etermine 

age-of-dam adj ustment factor s  fo r weaning weights. Cunningham and 

Hender s on ( 1 965a , b )  iteratively estimated the effec ts of sex o f  calf , 

age of dam and year of birth on the preweaning average da ily gains and 

type scores of 4838 Hereford and Angus calv e s .  The resul t ing estimates 

viere then applied as ad j ustment factors in order to estimate the 



heritabi l i t ie s and repeatabilities of the se t rait s . Sub s equent 

pre sentat i o n  of thi s t echn ique (CunnL�gham and Renders on � 1 968 ) 
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�as later modified by Thomps on ( 1 969 ) in order that unbia sed e s t imat e s  

o f  variaLc e c oD:ponent s a:1d fixed effects may be obtained . 

1·;eigbt  rec ord s fror:J h.ro He re forC. herds by least sq_ua res and best 
l inear U.."lbiased e s t imat i on ( ter;ned rr:aximun l ikel ihood. in the i r  paper) 
proc edure s in order to esti:J.c:.t e d ifferences due to the effects of a.ge 

of d e..'.J .  For daily milk produ ct i on and i'Teaning weight ( ad justed t o  

21 0 days of age by He�hod I) . the means and mul t iplic a t ive ad j u stmen t 

fac tors :' or e .:: ch age- of-dam group vri thin herd s 1;ere s b ilar for b oth 
proc edures , alth ough the s tandard errors for the lea s t  squares me�"l s  

Kere generally larger . De spite the s � ilari ty in estimat es , these 

authors d id n ot dispute " • • •  the L':.creased. effic i ency of the 1-:1 (maximum 
l il::elihood] Proced.L:Te as c ompared Kith the LS [least squ,., ,..e.,l ''-oced.u.,...p !t 

- _ !.-. -- �J l:"- .... ...... . . .  . 

Schaeffer and. ·.rn ton ( 1 974a. . b )  h�ve provided on e of th e first 
ccspret e�s ive afJp l ic2ti 0ns of best l inear �biase d e s t i�at i on proc edure s 

to oeef e a  t tl e . After accou .. nt ing :'or hc:cd and e o;·; d :.fferenc G s ,  e ::::-':: ir:at e s  
vrere cbtc:i..-:ed. fer ac;e o f  C.2.:2i-se:z:-t:y-pe o::· :::anagesent ( creep v0rsus n on­

creep feeding) and for ace of C.t:!m-sex-level of herd pe rfo :r:!lance 

subcla s s e s  in 25571 Angus and 69058 Eereford calves in Canaca . The 

re sul t ing e.ge-c:f-dam by s ex by " environnental" subclas s �ea..'1 s  ,,rere 

then effi pl oye d to de term ine the slgnific�1 c e  of a l l  int era c t i ons , and 
to c on�e.re the effect ivene s s  of d eveloped ad dit ive anc mul t ip l ic at ive 

&d j ustmen t factors . 

As has been the c ase for c omputing ad justment fac t ors f or s ex of 

calf , b oth ad� i t ive and multiplicat ive ad justment fac tors have been 

recomme nded for the adjustment of 1-reaning v�eight rec ord s for d ifference s 

due t o age-of-dam effects . Cundiff et al . ( 1 966b) suggested that 

add itive adjustment fact ors were more su itable s ince the standard 
deviat ions of vrean ing >·:eight s for different age s of d ams were relatively 

c onst ant . Thi s  was in agreemen t with O ' Y�ry and }�ent ( 1 961 ) ,  wh o f c�nd 
vrith 97 weaning record s  that additive ad j ust!!lent of "re aning 1·:eigh i;s for 

age of dam was more effective in reducing variat i on in rTeaning Height 

due to age of dam than multiplicative ad justm en t . Over an 8-year peri o d ,  

Schaeffer and Wilton ( 1 974b ) report ed that i n  add ition t o equaliz ing 

variance s  within age- of-dam groups , additive adjustment factors for pre­

YTeaning average daily gain were more appropriat e than mult iplicat ive 

adjustments in view of the differences in the means for age-of-dam groups 
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remaining con stant ov-er time . According to Preston and 1ii llis ( 1 970) , 

p�bli shed reports tend to supp ort add itive ad j ust� ent fac t ors for 

age of dam , a l t houg-h some aut hors d issent fron t h i s  v i evT ( e . g. , Lint on 

et al. . , A g rg \  .£' 1 o 1 � or reasons outl ined previously in relat ion t o  �djustmen t s  

e s tillat e s  of age- of-dam a dj ust:r:Jent facto:rs for beef c a t t le in lJe'l·! Zeala nd , 

but it can only be implied that addi t iv e  ad ,justrr.e::1t s for age of dam H e r e  

preferred in terns of :::-educ ins d iffe renc e s  beh;een the two l ocati ons of 

the h erds stud ied . 

Table 2 . 1 1  pre sents s o�e of the pub l i shed addi t iv e  and multi­

pl icat ive c.dj1.:.s tr.-:ent fact ors employed t o  adjus t the -;;eaning ve ights 

of beef calves for age- of-dam i:c.fluenc e s .  vihere p o s s ib le , e s t ii!lat e s  

presented L� Tab le 2 . 1 1 h ave b een adapted to a base age o f  d am  of 
6 to 9 years of :::..ge . The lack o:' c....'1 adequate set o:' c rit eria t o  evaluat e 

· ·  f � · · 
� · · · .... f t ' s  1 · TT - d  �- - - 1 "' 6" '; "tne e I lC :tency Cl t::.Ge e.c.Justmen � ec , ors 1, ear e a21c. .::el1 e ... ::; uu , , 'j � , 

hes no do1;.b t  c ontributed to the fact t!::at neither add it ive no r �ult i-
p J ic ative adjush�ent L:c i ors fo:r· c.ge- o:f-d21J. effec t ::;  o:: v:e anir;t; e;eiGht 
records ::.prea:r· to be e:r. t irely sat i s fact ory under all  c mdition s .  The 
cost appropria te set of .::.dj ustr.-er1t factors are tl:c se deter:nined in tl::.e 

herd t o  "·hich t:Cey a re t o  be 2-p:; l ied , " . . • provided t!-1e d. a ta are not 

bias ed a..'"ld the he rd is sufficiently l arge to give reliable est imat e s • • • 11 

( Gregory et al . , 1 96 1 ) .  Bal:er r:ot al.  ( 1 974 ) , on t he bas i s  of est imated 

st amlard deviat i on s  a.� d  a n  a.ssuo.ed normal herd-age of dan distribut i on ,  

sugge s t ed that approximately 2 5  �'1 inal s  for each non-�ature age grou p  

wo�d b e  requ ired t o  reduc e the stru1dar� error o f  age-of-dam e stimates 

vTi thin years to 5 kg , il:.plying a herd s iz e  of 1 25 c ov:s . LTl vie-vr of t he 

small size of registered beef he rd s  in Ne•-r Zealand ( Cairney and 

�fugnuss on ,  1 970) and of the relatively vi idespread perfonnance record ing 

but centralized proce ssing conditi ons prevai ling at the present time , 

a general set of adjustment fact ors for ege-of-dam effects may be more 

practicable. Data adj usted by such a general set of fac t ors may b e  

useful for making basic c omparisons unde r  on-farm c ond it ions,  but by 

nature of its general ity in!1e rer:t in.accura.cies vT i thin th e set  ,.;ou l d  l i::Jit 
the accuracy o f  c lose individual c omparis ons . 



TABLE 2. 1 1  : Pu'Ql i shed ad c H  t iv e  and mul tiJ?.liC<li ivo ad .in:-:tment f.:tct..Q_I'§ __ fQr age 
of dam on the 1·rear d nlj Fcir;h b .9f beef calves a 

------·- - -· 

b Standard yr,e o_f rl�.El.JX.S'lT.�l--. Breed ----·-- Al; thors 
weaning age 2 3 4 5 G-9 1 0  1 1  1 2  1 3  

·----··--- ·- -· .. ---··· 

Add itive (kg) : 
1 80 1 5 . 9  5 . 5  2 . 3 o . o  o . o  o . o  1 . 4  3 . 6  8 . 2  C lum e t _ nl_. (1 9�56 ) 

A 1 80 34 . 1  20 . 0  8 . 6 3 . 2  o . o  0 '  Hn-y and A:n ent ( 1 96 1  ) 

H , A 1 90 34. 6 1 8 . 7  1 1 . 9 7 . 8  o . o  5 . 6 9 . 2 1 5 . �5 1 6 . 9  Hinyard and Dinkel ( 1 965n ) c 

H , A , RX  200 23 . 7  9 . 7  4 . 6 o . o  0 . 0  0 . 0  o. o o . o  o . o  Baker �t al, ( 1 974 )  
d 

AX 205 1 2 . 3 9 . 8 6 . 2  1 • 3 o . o  1 4 . •  9 2 2 . 7 Bai r e t��l . ( 1 972 ) 

A 205 26 . 7  1 4 . 8  4 . 0 o .o  o .o  C0.rde ll ino ..... nd Fre.hm ( 1 971 ) 

H 205 38 . 0  1 6 . 6  2 . 3  o. o 0 . 0 C .�rde llino [l !"ld Frahm ( 1 971 ) 
H , A  205 

e e 6 . 8  3 . 9  o . o  o . o  o . o  o . o  0 . 0  Cundiff �t  � 1 . ( 1 966b ) 
Multi:Elicat ive : 

H , A  1 . 09 1 . 09 . 1 . 05 1 • 00 1 .  00 1 . 00 1 . 03 0 . 96 Neade �L�;tl .  ( 1 959 ) 
.L:' 

H 200 1 . 1 1  1 • 1 1  1 . 05 1 . 02 1 . 00 1 . 00 1 . oo 1 .  00 1 . oo Tayl or ( 1 967 ) .l. 
A 200 1 . 1 3  1 • 1 3 1 . 06 1 , 02 1 . 00 1 . oo 1 . oo 1 . 00 1 .  00 Thoms on ( 1 96B) f 

200 1 . 1 5  1 . 1 0  1 . 05 1 . 00 1 . 00 1 . 00 1 . oo 1 . 00 1 . 00 Anon . ( 1 973-'l ) 

H , A , RX  200 1 . 1 6  1 . 06 1 . 03 1 . 00 1 . 00 1 .  00 1 . 00 1 . 00 1 . 00 Baker et a1_. ( 1 974 )d 

1 • 1 1g. h Sellers et al. ( 1 9 70 ) f 
H , A  205 1 . 06 1 . 02 1 . 02 1 . 00 1 . 00 1 . 00 1 . 00 1 . 04 

205 1 • 1 5 1 . 1 0  1 . 05 1 . oo 1 . oo 1 , 00 1 . 05 1 . 05 1 . 05 u . s . B . C . R . c . q , ( 1 96 5 ) �  
1 :  

Ncville et  � 1 . ( 1 974 )d ,j 
H 2 1 0 , 1 . 1 0  1 . 05 1 . 02 1 .  00 1 . 02 1 . 02 1 . 02 1 . 02 

k 
Nevi lle e t  ''.1 . ( 1 974 )d 

H 2 1 0 1 • 1 1  1 . 05 1 . 02 1 . 00 1 .  02 1 . 02 1 .  02 1 . 02 

./'� 
a Wherever pos s ible , e s timat e s  have been adapt ed to  a b ase (mo.ture ) nee of 6 to  9 years of age incJ.v.sive . .p. . 

(con ' t )  



TABLE 2. 1 1  (cont 1 d )  

b R = Hereford ; A = Angus ; RX = Rec iprocal c ro : :we s  amongst the brcco. s  spec if i ed ; 

AY.. = Angus- or Rercford-sired calves out of Anr�us x Hol st e in d ams . 

c 

d 

e 

Combined estimat es of Gross nnd Pnired C ompari son mot llods of ad ,iustmcnt after 
Koch and Clark ( 1 955a) . ( See p.39 ) .  

Factors averaged over herds . 
Age-of-dam groups divided into 2- to 5-monlh :i.ni: erval s ( csU.mated adjus tment factors) 
as follOi·rs : 27 mo . ( 29 . 3  kg) , 28.-30 m e. ( 23 . 5 kc) ,  31 --33 m o .  ( 1 9 . 9  kg) , 34-39 mo. ( 1 6 . 1  kg) 
and 40-45 mo. (9 . 1 kg) . 

f . 
Factors averaged over sexes . 

g Dams 34 months of age . 

h Dams 34-45  months of age . 

i Un ited States Beef Cattle Rec ords C omm ittee Re port ( 1 965) . 
j Factors derived by applying best l inear tmb iased estimat ion proc edure s .  

( See p .41 ) .  

k 9 year-old dams assigned a multiplicative factor o f  1 . 02 . 

.t­\Jl • 
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CHAPTER 3 

HETHODS 

In th is study, the ma j or factors influencing wean ing "e ight and 

tne first- ord e r  int erac t i on s  among them , v1ere e s t imated by l east 

s quares analyses . In addit ion � e st imat es of the effe c t s  of age of dam 

on -vreaning ,.,eights , unbiased by the effect s  of sele cti on a.'!d inc omplete 

repeatab i l it y ,  •·m:re ob ta:L"'led thro ugh the applicati on of best l inear 

unb iased es timat i on prcced�e s .  

I .  LEAST S QuARES AHALYSES 

Hi thi.11 the Hereford and Angus breeds each calf was c la ss if ied 

acc ording t o  herd , year of birt� , age of dan �"'ld s ex . The bTOuping 
cf dam ages for the age- of-dam c lasses is given in Taole 3. 1 . 

A. Estiin a t i on of r !!lin Eff e c t s  Exc lu ::l.in<:; Firs t-Order In teract ion s  

The model used -v;a s : 

1-;here : 

y .  " klm l.J ' 
y

ijklm 

h .  J. 

y . J 
dk 

sl 

b 

= o( + h . +  y .  + dk + s1 + b (X . · v.l ) + e . " kl • • • ( 3 .1 ) J. J l J -• m J.J m 
= 

th the observ-ed 1-reight at X days o f  age of the m 

c alf of the l
th 

sex born in the ith 
herd and 

the j th 
year out of a dam belonging t o  the kth 

age group . 

= th e theoretic al populat ion mean with equal · sub­

class numbers when weaning age is z e ro .  The 

= 

= 

= 

= 

= 

population mean with equal frequenc ies 

age at weaning 

)l = 

the effect  of 

the effect of 

the effect of 

the effec t of 

is equa l to the average 

o(. + b 

the . th J. 

the . th 
J 

the kth 

t he l
th 

Cx) 
herd . 

year . 

age-of-dam group . 
sex of c alf . 

v:hen the 

age is : 

the partial regression coefficient of we ight 

on age at vtean ing . 



TABLE 3 . 1  : Groupir.g of dam age s for age-of-dam 

c la s ses on c alf w e an ing weights 

Dam age (years ) Age-of-dam c lass 

2 

3 

4 

5 

6-9 

1 0+  

2 

3 

4 

5 

6 
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X .  " kl J..J m 

e 
· " 1 1 lJ cm 

= 

= 

All effec t s  in 30del 

th ·h 
the age at v1eaning of the m calf o f  the 1 "  

b 
. 

th 
. th 

h d d 
. th 

t f sex orn J..n e J.. e r  an J year ou o 

a dam of the k
th 

age group , and 

th the rand om error p ecul iar to the m calf . 

( 7: 1 ) . t• .,... _� .  , Wl h v .t!.e exc ept ion of the erro r effe c t s ,  

v;ere as suned fixed . The e .  "
kl 

vrere a ssuned to b e  no r::1ally and J..J . m . 2 ind epend er..tly d i s t ribut ed w ith mean z e ro and var J..ar:c e a- ; the 
e a.ssurnption of normality b e ing rsqc:. i red for t es t s of s ign ific anc e .  

In it i al ly ,  t he f i r s t- order interact ions am ong he rd ,  year , age-of-
dam group and sex effec t s ,  we �e c on s i d ered t o  c on t ribute litt l e  t o  t he 

t ot a l  varia t i on in \·.·e�"l ing 1·W ight and -v;ere the r efore exc lud ed. fron the 
mod el . The val idity of �his assuilipt i on was t e st ed in sub s e Quent 

ind ividual app l ic at i ons of mod el ( 3 . 1  ) ,  ( Section B ) ,  for t he follow�"lg 
f i r s t- o rder interac t i ons : 

(hd ) . ,  J.K 

(yd )  " 1(­J .. 

( ys ) jl  • • • 

th . -.- t f' + h  . th h d .. e in t e rac t l on eL. ec . o. " e  J. ... er . ' h  . .  . th t·r l  -r _ t�.e J year . 
. - • • . • 1:-f t .CO 

' h . th , 
d tne J..n .,erac t J..o n  ei ec o� t e 1 ner 

. ' h , .  ' th 
.CO d  rnt . �  t he .�:-: age-o.�.- an group . 

the interact ion effe c t  o f t he i
th 

herd 

. .  h th 
1 th va 't . e  _ sex . 

th e interac t i on effect of t he j
th year 

wi th the kth age-of-dam group . 

the int erac t io n  effect o f  t he j th year -

· t· + h  l
th and WJ.. n v e sex , 

the interact ion effe ct of t h e  lth sex 

w it h  the k
th 

age-of-dam group . 

Hod el ( 3. 1 ) may b e  writt en in matrix notat i on as : 

y = 

where : y = 

X · = 

b = 

Xb + e • • • ( 3 . 2 )  
a known (N x 1 )  vec t or of 1-;eanin g rle ight re c o rd s ;  

where N is the t otal numbe r  of rec ord s . 

a knorm (N x p ) inc id enc e matrix of t h e  f ixed 

ef1ect s defined in model ( 3 . 1 ) ;  

where p j s  the t otal numb er of gxoups of eff ec t s .  

an unkno�T. ( p x 1 )  vec t or of paramet e r  values 

to be estimated , and 



e = an unknO\m (N x 1 )  vec t or of random erro r  

effects in vrhich the element s are asstlil'.ed 

to b e  norma l ly and indepen� ent ly d i s t rib ut ed 

vrith an expect ed value of zero and a variance 

of Jr,  vThere I is an (N x 1; ) identity matrix. 

Least square s  e s t imat ion of b involv e s  mini:w i z ing the sum of 

squares of the ob s ervat ions froo their exp ec t e d  values.  

'ilith E ( e ) = 0 ,  

then : E (Y) = Xb , 

and : 
e ' e  = [: - Xb )' (Y - Xb J 

Different iat ing e ' e  with respe c t  t o the elen:ents  of b ,  a-nd eq_uating 
to zer o , leads to the equations : 

4-9 . 

X '  A.'b = X ' Y  • . •  ( 3 . 3 )  
from wh ich : 

1"1. 
b = • • • ( 3 . 4 )  

""' 
i>here b is the es t i�ated value of b v:hi ch n in i� izes e '  e .  �:hen X ' X  is 

-"' .eo  k .._.  ( v t � \- 1 - � � - -'- d Ab ' � - d .  ( -z;  4 )  . th 1 OL L Ull ran �nen , a  A ;  �� � � v s , an Q6I lne l!l / •  , lS .e on y 

s olut i on t o  the normal equations ( 3 . 3 ) . vfuere linear dependenc ie s 

exist  among the equat ions , the X ' X  matrix is not of ful l rank and 

restrictions must be imposed on the no�al equations t o  reduce the 

X ' X  matrix to  a sub-mat rix of ful l rank. The rest :::-ict i on s  applied 

to the normal equat ion s i n  this study w e re that the e s t imat es <Tit hin 

a given group sum t o  zero. That i s ,  in t el"!!ls of model (3 .  1 ) :  

[h. = [y. � Ls 0 = L__dk 
= = 

. � 
j J 1 1 � k 

and of the normal equati ons ( 3 .3 ) : 

(X' X)rb0= (X ' Y)r ' • • •  ( 3 . 5 )  

"�>There b 0 is a vec tor of estimat es of the remainin g  effect s ,  and 

(x• x) and (X 'Y) are the reduced X ' X  matrix and X ' Y  vect or respect ively, r r 
after the restric tions have been imposed. 

Before inversion of the reduced X ' X  matrix , equat i ons for the mean 

and herds were absorbed into the remaining equat ions for years , age of 

dam , sex and regression of weight on age. If (X'X) (X' Y)r and b0 in 
r •  
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e�uati on ( 3 . 5 )  are partit ioned as : 

'1-Ihere : A == 

c = 

B = 

B 
w l j  a - V X 1 V X V 

== • • •  (3. 6 )  

c '\'j ' c ...., X 1•T - L 1l X 1 
-l 

a square (v x v )  r;:a. trix i'Jith corresponG. ing (v x 1 )  

vectors of ob se rvat ions (V) and parameter v alue s 
(a) , and "Yrhe re v is the numb er of st<b-croups for 
th e mea."YJ. and herd s  aft er the restric t ioD s have 
be m i�po sed . 

a squc:.re (w x w ) �atrix with corresponding (vr x 1 )  
vec t ors of ob servat ions (Vi) CL'I'ld parameter value s  

(c ) ,  a.'1d rihere vr is the number o f  sub-groups for 
ye a:r s . age of dam , sex and regre ss ion of <!eight 
on age after the re strict ions have been �posed , 

and 

a ncn-d iagonal ( v x t·; ) mat rix .  

Expansion of (3 . 6 )  gives : 

Aa + Be = V 
B' a + Cc = Tl'l 

Solv ir�  t he first equa t ion for a :  

a = 

and substituting for a in the sec ond equation of ( 3 . 7)  gives : 

fro� which : 
A 
c = 

• • •  (3.8 ) 

• • •  ( 3. 9 )  

• • •  (3 . 1 0) 

and � may be c omputed by substitut ion of S for c in expre s s ion (3.8) . 

The t otal reduc tion in sum of squares for fitt �� model ( 3. 1 ) i s  
e stimat ed from : 

= 

a V 

c i·f 

• • •  (3 .  1 1 )  

and the sum of squares f o r  e rror i s  c omput ed from Y 'Y - R(b0) , 
where Y ' Y  is the t otal uncorrected sum of squares of observat i ons . 



The individual sums of square s for the mean , he rd ,  year , age-of-dam , 

sex and regre s si on of ueight- on-age effect s  can be determined b y :  

A 
B '  

q 

A. B q 

= 

= 

= 

2.. r m·.· v f- C t o r  of -::te 
group of e ffec t s , 

th 
ed i;;:.:::.t e s  fo::.� the  q 

the inverse of the square symmet rical 

segnent of tte inverse of [Cx'X)rJ -I 
th c orresponding to the q group of effec t s , 

and 

a c olumn vec t or of the e s timat e s  fo r the 

q
th group of effect s .  

Harvey ( 1 964 ) h2..s shown that S\J!!l S of squa re s c omput ed in this 

!!l2Y�1er ar e ident ical t o  tho se obtained by d ifferenc e s  in t otal 

reduc t i on s  in the s�s of squar e s .  The square s��etrical sego.ent s 

5 1 . 

� -'-1... • .r.- l(""" t ·� )  l -1 . .  
t 

, . -'l 01 ;.,He mver s e  o.r .r.. A c orre sponalng o 1: 11 e mean a.11u t o  the he rC. 
L �j 

effec t s , '>l e:r·c not ohtc.in sd. dir0c-:J.y i.'1 this s t ucly becau s e  o f  their 
ao s ol�pt ion into the renaini.T.ig effec t s  of year s . o..ge of datJ. , sex and. 
regre ssion of 1-.•e ight on ar;e . It ca.'1 be sh mm hOi·ie\rer , th-::2t the 

segr:1ent s of [(X 'X )r]- 1 c orre spond ing to the me an and herd e ffec t s  !llay 

b e  c omput ed from the restll t s  of the ab s orpt ion procedure . From 

expre ssion ( 3. 6 ) , where the reduced X ' X  flatrix was partit i oned such 

that : 

(X 'X )  r 
= [ : . :J 

the c orrespondL�gly partit ioned inverse of (X'X) may b e  defined as : 
r [N 

N '  :J 
Inverting (x •x) by partitioning involves three steps : 

r 

(i )  Q = (C - B 1A-1 B)-1 

(ii) N = -A-1 BQ 
' 

(iii) H = (A-1 - l\1]3 I A-1 ) 
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It c&� b e  seen from equat ion ( 3 . 1 0) thet Q of step ( i )  above ha s been 

calculat ed . There fore the square s:ymmetric a l  segne!lt of the i!J.verse 

of (X 'X )  c orre spcnd. L�g t o  the l'!e &'1 &�d herd effec t s  ( �1) may be r -1 
c ��put ed fron steps ( i i )  and ( iii) ; and that Z c orre sp ond ing t o  the 

th q 
q group of estimates may be det eroinei fron invertin g  the appropriat e 

The rela t ive inportance of each main effec t defined in m odel 
( 3 . 1 ) uas det ermined by C O;;!parir.g the perc ent age reduct i on in error 
variar.c e r e su l  ti....�g frow fi t ti:lg a sub-E odel •·.ri th all effec t s  included 
except the nain effect L'1 question &�d from fi t t inc the f u l l  m odel 

r;ith all eff e c t s  inc luded (Ii1odel (3. 1 ) )  .. 

The estine.t io!l of sub-g-roup near:.s aml s tc:ndari erors fo l l m-:ed 

t�e proc eQ�rrc s  outl Lned by Rarvey ( 1 960) . Ln te�s of nodel ( 3 . 1 ) 
1 • th 1 • .J... .l.-,. • "l  th 

the nean for t!le 1. e s "Cln a ... e O.L -.:;n.e q group of e-<>fects 1·:as 
def-i'1ed 

v;!-1.e�e :  

Kith a 

J 

as : 
A A. 

;u. + q_.; 
.J. 

X 
. ' ' S�aJ'J.Qal"'Q 

/\. "'r'-:::: \ = 0( � b \ •�; ·i· 

= tl1.e :r.ean at;e 

error d efL'YJ.ed a s :  

A 
d .  -l 

at v;ea.."1in g ;  

o(q_ . - bqi)"2 
+ 2Z l + 2XZ o-e 

1·rhere : Z = the i....'1verse of the reduced X' X matrix, 

'ldth superscripts denoting the row and 

c o lurrr. for each e lem en t ,  and 

= the error mean square . 

If the .; th 
ff . . .L. � t '  th � c oe 1.c1. en � o� ne q group of effec t s  in the normal 

e quations rms 

that Lq . . � � 

subtracted out in acc ordance with the imposed restric tion 

= 0 ,  such that :  

= for i f-.  i 1  

the diagonal element of q .  in Z rms derived by: � 
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A 
The non-diac onal inverse ele:nent o:f a .  vrith the mean or the regre ss ion <.> ... �. 
of weight-on-age effec t s I·Tas detemined from : 

an. c. 

� q . 
z � 

b q . 
z � 

= 

= 

) o<.q • I - C _ _.. z � ) for i t- i 1 
i-1 

:for i ::F i '  

re spectiv e ly .  D iffe re�ces b e n;ecn sub-group means for age- of-dan and 

for sex gro"J.ps uere tested by tl1e Stud ent-l;evrnan-Keuls te st for multiple 
c o:::pa:-ison s  a!:'.Orc.g r::ea�s based on U..lle qual sar1ple s i ze s  1 as i 11 ustra te:i 
by Sokal and Rohlf ( 1 959) . 

Var iances v;ith in each age-of-d2.lll group and eech sex group ;.rere 

es ti�.:; t ed by e:::-r2.nt:;il1C the ;,;eaning ue i.;ht. s , adjusted for age of calf , 

h�t o  he rd-year-ege of dao-sex su�-groups . Corrsctei sums of square s 

ar:d a s s o c ieted degre e s  of :'reed on 'tTere obtained fo:- er�ch sub-group , 
anC. the c orre c t e d  s�:cr::s of sq_-u.are3 for a civen ag-e-of-daB or ::: ex group 

>:ere :po oled c:.n.d d:i.v id.ed by the corre sp oncEngly ree led d egre e a  of 

freed on. 

B .  Est�n at i on of Firs t- Order Lllteract i ons 

For e ach bre e d , all first- order int erac t i ons � ong herd , year , 

ae,e-of-dam group and s ex effec � s  c las s if ie d in n od e l  ( 3 . 1 ) w ere c ons idered 

bdividt:.ally in order t o  deternine the ir levels of s ign ificance en d  

relat ive degree s o f  imp ortanc e .  The model s used for e ac h  int erac t i on 

ana lys i s ,  the terms of 1-;hich have b e en defined in Se c t i on A ,  are 

presented in Table 3. 2 .  Least squares est imation proce du�es fol lowed 

the princ iples out l in ed in Sec t i on A . 

On occ as ions , the size of the X 1X  matrix in the n ormal e quations 

,._.as such that solut ion o:f the e quati ons was initially s imp l ifie d  by 

ab s orb ing the me�ll ,  the two interacting nain effect s  and the Llltera c t i o� 

terms into the rema inL�g main effect s  with in each interact ion analys is . 

For example ,  in the herd x year analysis ,  e quations for the mean ,  herd , 

year and herd x year tems were ab sorb ed into th e re:uaining equat ions 

:for age- of-dam , sex and regre s s ion o:f •·reight on age .  A:fter absorp t ion , 

the e quat ions in the resul ting matrix still retained l inear dependen c ie s  

which ne ces sitated the imposit ion of re stric tion s  o n  nro of the 



Th.BLE 3. 2 :  

Interacti on 
ar..alysis 

E:erd x year 

Herd x dc:.m.-a ge 

He::::-d x sex 

Year x sex 

Sex x dam-age 

54. 

Hodels empl oyed iD ,.;i thin-bre ed l east square s 

e s t imat i on of l:!J£.in eff e c t s  f o r  j_n<l iv i dual 

fi:rst-order 

a 
Nodel 

Y . . 1 1  = � + h . +  y .  + <i + s1 + b (X . .  , �, ) + (hd ) .k  + e . _;kl lJ c n 1 J k J. �J r....Lffi L .  lJ J..l!1 

V = o( +  h .  + Y .:.  + d, + "'"ijklrl l J 1� 

yijklra = o<. +  h .  + yj + dk + J. 

s + b (X . -iklr:l) 1 l " - , 

sl + b(Xijldm) 

+ (hs ) 1. 1 + e . .  , , �  J. J K.ua 

+ (ys) j l + eijkln 

+ ( sd ) L� + ei j kl:m 

a 
See text ( Section A )  f or definit i cns of terEs . 



remaining effects bef ore an inverse c ould b e  ob tained . Table 3 . 3  

presents the equat ions that r:e:re abso rbed , the remaining main effect s  

int o uhich the ab s orption vras carried out , and the restrictions 

subsequently ioposed on the re�aining effects  for each inter�c t ion 

ar...alys is . 

55 .  

The c alculat ion o f  the t otal red"L: c t i on in s ums o r  squar e s  for 

fitt ing the models in Table 3 . 2  ru1d the error suns of s quare s L�volved 

the sane p rocedure s as tho se c onsidered in Se c t i on A. The sums of 

squares for the individual in terac t ion terms �-re:-8 computed by 

diffe rencing the t o tal reduc t ion in suns of square s f e-r fi tt ine th e 

re spec t ive models in Tab le 3 . 2 from the reducti on L� sum of squares 

for f i t t ing the noie l of main effec t s  o�ly (�odel ( 3 . 1 ) ) .  Th e rela t ive 

leve l o f  inp01·ta;.'1C e o: each interaction Kas d etern iiled by cor;:;p�ring the 
perc ent�Ge reduct ion in error v�ri a�ce resv� tins fro� fi t t ing the 

respe c t ive models listed. in Table 3 . 2  and fro!ll fi t t ing t�e rc.a in-eff ec t s  

model ( 3 .  1 ) . 

II . B:SST L::U·JEAR Uif.B US:SD E.STIEAT ION AJTALYSTS 

L'1 th is sectio:r! best l i.:.--:ear unbiased e::;ti:J.a.t ion �r is ing fro::t rr:ixcd. 

model t echniqv e s  is ap�lied to the problen of e s t " Matinc the effec t s  of 
ase Of d2::1 CT!. 1-�eani.:.J.g Hei ght , fre e fr02 the influer.c e s  Of C u l l ing Of 
dcns on pcrfomanc e and t:ile inc onplete repea tab i lity of cCGJ. Tec ord.s . 

The m odel used 1-ras : 

where : 

a .  l. 

h . 
J 

= 

= 

- • • •  ( 3 . 1 2 ) 
the wea._11.ing weight , adj�sted for age and s ex

_
, 

of the calf out of t he kth 
C O'YT belonging to 

the ith age group in the j
th 

herd-year. 

= the populat ion mean "1-Tean ing l'Teight adj usted 

f or age and sex when e qual subclass numbers 

= 

= 

= 

. .._ ex :t.s �, .  

the e ffec t o f  the ith age-of-dam group as 

de fined in Table 3. 1 .  Age group e ffec t s  

'iTe re c onsidered t o  b e  f ixed effec ts • 

. th 
the effect of the J herd-year. The herd-

year effects were assumed to be f ixed effect s . 

the eff ect of the kth c ow in the j
th 

herd- year . 



LTJ. te:-2-.c ticn 
::..nal:ysis 

Eerd x year 

Herd x del!l-age 

Eerd ::x: sex 

Yea� J.� dc..m-age 

Ye ar x sex 

Sex x dam-age 

5 6 . 

Enuat :i on s  ab sorbed into rer:ain ing na in effe c t s  

ar,d the restricti ons subE:eac; en.tl y i:::mosed t o  
s ol ve t::,e n ormal e(1U [';t i on s  f o r  e<.> d: i!� -:-. e: ract :i on 

a ar,alys is 

Eq_u.aticns 
abs orbed 

d. + h .  + y .  + (hy) . .  � J �J 

o( + y . + d_1 __ + ,J 

(, d ) \l1 
ik 

Re !:la in ing 
rr.ain effects 

d, , s1 , b .K 

.:.1 1-Y..,· ' v.., ' u 
.; .!{: 

h . ,  y . , b � J 

Re str ict io::-rs 
ill po sed 

�-a-, = ['G', = 0 
, K - ....... .!'.. ..L 

i?j = ;:-�k = 0 
J k 

0 

a 
See t ext ( Sec t i on A) for defini t i ons of t erms .  



e
. ' k  lJ = 

Covr ef:'ects were as sume d t o  be rand om ef:'ec t s  

d i s t r ibut e d  :L.11d epen d ently id th zero mean and 
2 

variance I a- , and 
c 

the rand on error effect of the k
th 

cow in the 
-'-l-, . th .:. V.£.o t.e:::·d-yeo.r bel cngi..11g � 0  i.hG ). e:.c;e g:'O'.;.p . .J 

Error effe c t s  we :-e assumed to be ind ependen t ly 
2 

dist ributed with mean z e r o  and vari an c e  I� . 
e 

57.  

The adva.-"ltage of the mixed model approach s tem s from t h e  fact that 

b o th vli thin-c ovl and between-cm.; diffe renc es are ut ili z ed . 

\·!rit ing m od e l  ( 3 .  1 2 ) in mat rix no tat ion : 

•�here : 

y 

y 

= Xb + Z1;. + e • • • ( 3 .  1 3 )  

= 

= 

a knor;n (N x 1 )  vec t or of He aning 1-:eight record s 
adj ust ed for age and sex- of-c alf , rJhere liT is the 

total number of r e c ords .  

a lmo"'-n ( rJ x p) inc idenc e ma t rix of the f ixed 
effec t s  of the mo del , where p is t h e  n�:b e r  of 

l!'ean , age-of-dam e:::-ou p and he :::-d-year effe c t s .  

b = a11 unkno>-;:-L ( p x 1 ) vect or of parameter value s  of 

z = 

the mean , age- o f-dam group and he rd-year effe c t s . 

a knmm (N x q_) inc idenc e matrix cf the rand om 

effect s  o: the mo d e l , where q i s  the n�� er of 

c ow effec t s .  

u = an unknov:n ( q  x 1 )  vec t or of paramet er values o f  

e = 

the c ow effec t s  o f  the model . The e le�ent s  of u 

are assumed t o  have a multivariat e d i st ribution 

with mean zero and varianc e-covariance matrix 
2 D� , 1-1here D is  a known non-singular ( q x q ) 

matrix ,  and 

an unknown (N x 1 )  vector of random error effect s 

having a �ul t ivar iat e dist ribution with zero mean 

and variance-c ovarianc e  matrix R�2 , where R is a 
e 

known non-singular (N x N) matrix. 

It i s  further assumed tha t the c ovariance beh:een the vectors u and e 
is zer o .  



A. Development of the �:ixed Nodel Solu t i on 
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If the varianc e c omponent s o f  the rand on e ffec t s  in the model ur e 

knmm , e s t imable func tions cf the fixed effec t s  can be det ermined f r om 

a solut :i.on t o  the norma l  equat ions : 

• • •  ( 3 . 1 4 )  

where V i s  the ( N  x N )  v arianc e-c ovarifu1C e �atrix of Y ,  the ele�ent s 
of vrh i�h are fun� t i ons of the as sumed knO\m var ianc e c o:np onen t s : 

V = E (Y - B(Y)] (Y - E (Y)] I 

= .t· J.. -� [v ic'b J ry l - V},] 1 .i> u  

= E (Zu + e ] [zu + el ' :.J 

= E[Zuu ' Z '  J + E [ee '] 
( ZDZ ' 

' 2 
= + R ) v  • 

e 

l•:ore c o!!l.!:lon.ly 1 the variance c omponents are no t knoKn and the prob lem 
bec cmes one of e s t imat i on cf b oth the fixed effec t s  and the varia� c e  
c omponent s i n  the m odel . 

One approach , assucing t h e  e l esen ts of the Yec t ors u and e t o  h e  

normally distributed , �e l i e s  on t he sinultaneous est imat i on of b and 
u by maximizing th e j o int C.ensi.ty of Y and u for variat ions in b and 
u .  That i s : 

f(Y,u) = g(Y iu )h(u)  ' 

= (Constant ) exp [--i(Y - X b - Zu) 'R-I ( Y - X b -Z u)] exp [�t'll'D-\.� 
and maximizing with re spec t t o b and. u gives : [X' R-1 X X' R-1 z 

"' X:' R-1 Y b 
= • • • •  (3. 1 5 )  

Z ' R-1 X ( Z ' R-1 Z + D-1 ) A Z 1 R-1 Y u 

As d emonst rated by Hend er son ( 1 973) and .And erson ( 1 974 ) , solut ion of 
equations ( 3. 1 5 )  resul t s  in b e st linear unb ia s ed e s t imat i on of fixed 

effec t s  and best l inear unbia s ed pred ic t i on of rand om effe c t s  in the 

mixed mod el ( 3 . 1 3 ) .  

I t  i s  "1-oJOrthvrh ile t o  note that when D is a d i agonal mat rix of on e 
ind ependent ly di st ributed rand om effec t 1'1'i th varianc e 

2 
and � z e r o  eo-

varianc e 1-dth e ,  and 1-1hen R is e qual t o  re/ u..TJ.der th e as sump t ion that e 
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error effec t s  are independ ent l y  dist ribut ed , equations ( 3 . 1 5 ) reduc e  

to : 

I

X ' X 

I 
I Z ' X  

L 

X' Z l 
0'2 ( Z '  Z + � I) J, 
V. I 

,... 
u 

B .  T::1e Hixed Mod e l  Solut i on Anpl ied to IIJ:cdel ( 3 . 1 2) 

• • •  ( 3 . 1 6 ) 

In applying the mixe d model solu t ion e qua t i ons ( 3 . 1 5 ) t o  mod el 

( 3 . 1 2 ) ,  it is pert inent t o  c ons ider the a s s umpt i ons mad e in spec ifying 

( 3 . 1 2 ) and some of the conseo uences of these assumpt i ons . 

F itting herd-year subc las � e s  were assu�ed t o  e l imina t e  b i a se s  from 

pot entially large he rd-by-year int erac t i on s .  An other as sumption imp l i c i t  

in m od el ( 3 . 1 2 ) i s  t��t there is  n o  int eraction b e t ween a ge- of-d� group 
and he rd-year . The fai lure of th i s  assu�pt ion t o  hold t rue may affect 

the applicability of e s t imat es .  Accord ing to R. H .  Hil l er et al . ( 1 966 ) 

if ad j ustment fe.c t o r s d eriv ed from age-of-dam t:rou p e s t im.c:,t es a re app l i ed 

in m.uJ. t ipl icat ive fo :::u ,  any real interac t i ons invo J ving age of dB.L1 v:ill 

be partially offset . 

With t h e  herd-year effec t s  a s s� ed to be f ix ed ,  the e s t imat e s  for 

age- cf-dam groups are eff e c t iv e l y  be ing f i t t ed on an intra- h erd-year 

basi s .  If herd-year effec t s a re assumed to be random effec ts , t he 

p�ec is i on o f  age- of-dam group e s t ima t e s  may be inc reased depend ing o n  

t h e  c om po s i t i o n  o f  c:ge s  o f  clams i n  the different he rd-year s .  - If the age 
c ompo s i t ion vari e s  l i t t l e  bet�een h igh- and low-produc ing herd- years 

then the increased accuracy of est imat i on may be expec ted to be sligh t . 

On the other hand . i f  the age c ompo sit i on s  in high-produc ing h e rd-years 

d iffer apprec iably from those in low-produc ing herd-years , the assump t i on 

of random herd-year ef-fects may re sult in b ia sed e st imat e s  s inc e the 

average lev el of he rd-years a s s oc iated 'l'lith age-of-dam groups 

(l:h .  n . .  /n .  ) wou l d  be expec ted t o  d iffe r. Thi s  b i as can b e  el im inated 
j J .  l.J . ). • •  

by c omputing as though the herd-year effect s are fixed (Renderson ,  1 973 ) . 
Th e  error effe c t s  are assumed t o  have zero c ovarian c e  between e . .  k 

l. J 2 2 
and e

i j k ' with a consequent variance-c ovarianc e matrix of I�
e

' whe re � 
is the error varianc e .  Thi s a ss��p t i on re sul t s  in c omputat ional 

advantages as soc iat ed with the m ixed model solut i on equations ( 3 . 1 5 ) 

sinc e : 



R = E( ee ' ) = 

and equations ( 3 . 1 5 )  reduc e t o :  
X 'X  

I Z ' X  
L 

I o-2 
e 

• • •  (3 . 1 7 ) 
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The random cou effects are sil::lilarly assumed to be uncorre lated., 

such that the c ovariance between the variabl e s  c . .  and c . .  , is zero 
l.J l. J 

2 2 and the varianc e-c ovariance mat rix is Iu- , where o- is the cow variance .  c c 
Thus : 

ncl- = E(  uu ' ) = rtf e c 

and : 2 v 
D c 

I = 2 (J e 

Sinc e D is  a diagonal mat rix : 
2 v 

� I  2 
_ 1  

D ' = 
(') c 

a."ld e quations ( 3 . 1 7 ) f"U:::-7-hcl' s i;rpl ify t o :  
A 

X ' X  X' Z b X ' Y 
= • • •  ( 3 . 1 8) 

2 (J 
Z ' X  ( Z ' Z + -;  I )  A Z ' Y  u 

() c _J L 
which c an be seen to equal the solut ion equat ions ( 3 . 1 6 ) for one 

rand om fac t or with of being replaced by 
2 (J . c 

The s olution equat ions to model (3 . 1 2 ) employed in this study 

therefore , were those of ( 3 . 1 8 ) .  

C .  Estimat ion of Variance Components 

The solut ion of equat ions ( 3. 1 8) re qui res the prior estimat ion 

of the component s o f  variance for coris and error. The analysis of 

varianc e method of estimat ing varianc e c omponent s from balanced data 

is based on equating mean squares of the analysis of variance t o  thei!' 

expected values.  This method is well define d ,  since the re is a unique 

analysis of varianc e for a part icular model . With unbalanced data 
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however ,  there may b e  several ways of part i t i oning the t o tal sum of 

s quare s and accordingly there is no unique analys i s  of varianc e for 

a given model . That i s , there are s everal quadratic f o rm s  that can 

be used for e s t imating varianc e c o mponents by equat ing ob s e rved with 

expected value s .  In r elat ion t o  mult i-way c la s s ificat ion s of 

ur.talanced d ;:: t a ,  Henti e :r-son ( 1 953 )  extended previot:s ly exisT ing var:l.1l!lC8 

c omponent e s t imat ion pro cedure s by de scribing three different meth od s  

( referred t o  as Hend erscn ' s  Methods 1 ,  2 and 3 ) . Searle ( 1 968 , 1 97 1 ) 
has discus sed the feature s and re lat ive merit s of vari ou s m e thods o f  

varianc e c omponent e s t imat ion , '1-l i  t h  consid e rable att ent i o n  t o  the thre e  

methods of Henderson. Briefly, J.iethod 1 i s  a..YJ.al ogous to t he analys i s  

o f  varianc e p roc edure used Kith balanc ed dat a , e quat ing c alculated sums 
of squares w ith the ir expe cted value s . HoHever, r.'here b o th fixed effe c t s  

( other t r�n ;u) and random effec t s  are s pe c if ied in th e m o de l ,  th i s  

method suffers from an inab ility t o  estiffiate variance c omponents free 
from the f ixed effec t s .  

He thod 2 appl ie s the analysis o f  varianc e  princ ipl e s  of Nethod 1 

to mixed models , endeav ouring to remove the b ias in varian c e  c omponent 

e st imat e s  deriv-ed in He thod. i t  by determining \ra rianc e coraponent s from 

the data ad just ed for fixed effe c t s . Searle ( 1 968 )  sugge sted that 

Heriderson t s �:ethod 2 is no t 'l..L"liq_uely spec if ied s inc e seve ral generalized 

inverses fo r the c o effic ient matrix of the fixed effect s  exist , and n o  

unique set of varianc e c omponent e st imat ors can be det ermined . Ho'lo;ev e r ,  

Eend erson , Searle and Schaeffer ( 1 974 ) demon s t rated that for a range o f  

m o d e l s  i n  wh ich there are n o  interact ion s between fixed 2nd rand om effec t s ,  

nor any nest ing of f ixed and rand om fac t ors within each othe r , Me thod 2 

is a proc e dure that is '\'Te ll defined . 

:r-ret h od 3 make s u se of reduc t i ons in sums of squares due t o  fitt ing 

diff e rent sub-models of the origina l mode l ,  e s t imating t h e  varianc e 

c omponen t s  by e quat ing ind ividual reduc t ions 'dt h  the i r  expe c t ed valu e s  

und er the f ull mode l .  This met ho d  has t h e  d i stinct advantage of being 

th e most appropriat e procedure f o r  variance c omponent e s t imat i on in the 

mixed mode l ,  deriving e st imat ors that are unaffec ted by the fixed e ff ec t s .  

EO'\o[ever ,  Renders on ' s  Method 3 suffers from c omputat ional difficu l t i e s  in 

the calc ulat ions of reduct i ons in sums of s qua re s  and the derivation s  o f  

the ir erp e c tation s .  Therefore , despite the biased est imat es of varianc e 

component s  d erived by Hend e rson ' s  Method 1 ,  the c omput a t i onal advantages 

over Hethod 3 determined its appl i cation t o  the e s t imat i o n  of c ow and 
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error varianc e componen t s in the m ixed model ( 3 . 1 2 ) of this present 

study. 

Th e mod el u sed was : 

whe re : 

Y . . l.J 

Y . .  l.J 

c .  l 

y . J 

e . .  , -. -<) 

= 

= 

= 

= 

= 

;u + c . + y . + e  . .  I J. J l.J 
• • •  ( 3 . 1 9 )  

the \-rean ing \·leight , adjuste d  f or age and sex, 

f th lf t f � · . th . th . th 
o · _, e ea ou o �ne J. cow J.n . e J year. 

the populat i on mea."1 w ean ing •• e ight adjusted for 

age and sex when equal subc la ss frequenc ie s  

exist . 

th -h - th 
. th e e r r ect or e 1 c ow .  C ow effect s were 

as sumed to be ran�om �nd d is t ributed independently 

1'1'i th zero wean c:.nd Va rianc e  !,} . 
th f - t +" th . th 

e e 1 ec . o� e J yee.r. 

c 
Year eff e c t s  were 

assurr!eC. tc  t e  rando:n and d i s t ribut ed indepenci ent ly 

. t" ' . I 2 vn .• z e ro m e a."1 ana varJ.anc e er .  
y 

. .  .(.' . ... . h . f J." • th t;ne e rror e ... fee�: peculiar � o 1." e r ec ord. o ._.ne 1 
+h 

c oH in the j �-- yea r. Error effec ts r:ere assumed 

to be random and d i s t ributed indepen d ent ly with 

z e ro mean and va riance I�. e 

It was further assumed tha t all t he variab les in the mod el were 

independent of each other and tha t  the c ow x herd-year interac tion 

rms z ero . 

In the analys is of model (3 . 1 9 ) cows rTe re not permitt ed t o  have 

more than one rreaning reco rd in the same year . Where this oc curred the 

first of the two records was ut i l ized . C o rrec t e d  sums of squares and 
their expectations rre re obtained for each herd and then pooled over all 

herds t o  determine the variance c omponent e s t imat o rs for c ow ,  year and 

error eff ec t s . 

Deriving the vec t o r  of the unc orrected analysis of varianc e sums 

of squares (T)  as : 



, ... = 

�Total 

Cows 

1 Years 
! 
j i , , .... . t I i v Or:::.- ec ulO n erm 
I I L -

= 
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Tt [Y . . 2 
ij lJ 

T ~ c 
-'- •  = 

Ry _f T y I �J I 
I I . j 

J l T1 J I y 2 
. .  

L l� 

where 1\ is tl:e total nU!nber of record.s , t�e c o rre spending vector of 

c orrected analysis of variance s�s of squares (Tc ) is determined 

f::-cr1 : 
,_ 

l I Tc - T 1 
i m T� • • . (3 . 20)  T = I .1. • � I �; l I ,, 

! " I 
(11 - T - 1':1 + T1 J i ... . J. 

L :: c y 

The so. t r+ .. of e:i..-pecte3: ions of the unc or:.'� C t ed x:w.l;rs is of variance S"J!:.:.S 

of s q_ua:-es (A )  is ei ve:2 a s : 
;- E (Tt� I N 

I 
I E(Tc ) I n 

I I E (T} =  = A = 

I 
E (T ) N 

y 

E(T1 ) 
N 

L 

N N' 

L£?2, 2) N i ..... J 

n .  l .  

D_li�ij2 ) N 

J n . 
• J 

[n . 2 [,n . 
2 

i l. . • J ,] 
N N 

n c 

n 
y 

, • . •  ( 3 . 2 1 ) 

where n represents the number of c ows and n represents the number of c y 
years . From A in (3 . 2 1 ) the matrix of expectations of the corrected suns 

of square.s (A c ) ,  ;..rhich is t�e coefficient matriz of the v ector of variance 

components (v) , is determined from : 
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i 
c rE(T0 ) - E(T1 ) 

A. CV 
2 

• • •  (3. 22 )  = lE(Ty) E(T1 ) v • 

E (T
t

) E(T ) 
c 

E(T ) + E(T1 ) 
y . 

y 

2 v 
e 

Equat iL.g e:r::pres1::ion ( 3 . 22 )  to the ve ctor of the c o:r:rected e.naly::: is  of' 
variance suns of square s :  

= , 
enables the vect or of e stimat es of the variance c owponents for cm-m , 
years and error (VJ t o b e  d e t e nnined from : 

�� � 1 .-.2 = I vy = "' 
V 

Prirr.l8.rily , est:ilnat es o f  the variance c omponent s for c mrs and error \·:ere 

obta;�ed for the c omputation of the solut ion e quations ( 3 . 1 8 )  for m od e l  

(3. 1 2) .  Hovrev e:r , these varic..nc e c omponent esti:nat e s  may a l s o  be a:ppl ied 
t o  the estioat ion of the intra-clas s co-:-relation (t )  among the r;eaning 
weight s cf calves out of th e same c ow L� s�b s equ ent years as : 

t 

vTi th a standard error of : 

where : d 

(1 - t) [ 1 + (k - 1 )t] 
�t(k)(k - 1 ) (d - 1 )  

= t.."l.e total number of dams , and 

k = the average numb er of c alves per dam . 

Se llers e t  al. ( 1 970 ) have noted (details not given ) that the ab ove 

f ormula giv es only an ind ication of the magnitude of t he standard error 

o f  t he e stimate of repeatability. 

D .  Estimati on o f  Age- of-Darn Effect s 

vlith appropriat e restricti ons impo sed on the fixed e ffec t s  in 
e quat i ons (3. 1 8 ) : 

A A 

/oJ. = ho = 0 , 
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"' 
where b is the numb er of he rd-years , c omputat ion of the e s t imat e s  b 

A and u of th e vec t or of parameter values re quires that the c o effic ient 
mat rix in ( 3 . 1 8 ) be inverted . Sinc e only the e st ima t e s  of age-of-dan 
er:·ect s  are desired in order to derive the appropriate ad just ment 
fact ors . inversi0!1 of the c oefficient mat ri."': may be simpl if ied by 
abs orbing tht; e q-uat ions for co;.;s c..nd hcrC.-years into the aG<:>- cf-C.am 
cro'J.p e qua t ions . Equat ion s  (3 . 1 8) can be partit ioned as : 

D 

rd1 

rGa X 1 a x  c .  
J 

B' (b-1 ) X a H( ' . ) b-1 ) X (b-1 F
(b-1 ) :x: c .

1 
. J 

h i  u (b-1 ) X 1 
• • •  ( 3 . 23 )  I 

v.-he re : 

= ' 

i . 
F '- � \.' h-i ': C . ·' � · I ,1 

c 
" 
... . '} 

J l g J 1 ,.-
X C . lv cj  X 1 

J 

A 

H = 

c· = 

B == 

v J 
a s quare diaeonal matrix o: the aGe- of-dam group 
effect s :  a is the number of age-of-dam groups .  

a square diagonal matrix o f  the h erd-year effec ts : 
b i s  the number of he :rd-years of v;hi ch the b th herd-
year has been C.ele t e d .  

2 c-
( Z ' Z  + e 

? er c 

' I )  == a d iagonal mat rix o f  c o-vr effect s 
n e s ted �ithin herd-ye ars : c .  is the 

b � . . . th , J d  num er o r  coH s  ln tne J ner -ye ar. 

a non-diagonal sub-ma trix in the X'X sub-mat rix. 

D and F == non-diagona l ��b-matri ces in the X' Z sub-matrix such 

G = 

u = 

V = 

d = 

h = 

g = 

that : 

D + F = X ' Z and D' + F '  = Z ' X. 

an ( a  x 1 )  vect or of observat ions pert ain ing t o  the 
age- of-dam group effe c t s .  

a (b-1 x 1 )  vec t or of observat ions pertaining t o  the 
herd-year effe c t s .  

Z ' Y  = the ( c . x 1 )  vector of ob s ervat ions pertaining 
J 

to the c ow-within-herd-year e ff e ct s .  

an (a x 1 )  vec tor o f  age- of-d� group parameter values . 

a (b-1 x 1 )  vec t or o f  herd-year paramet er values ,  and 

a ( c . x 1 )  vector o f  corr-rrithin-herd-year parame t er J 
valu es . 
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Expansion of expre ssion (3. 23) yields: 

Ad + Bh + Dg = G 

B ' d  + Hh + Fg = u , • • •  ( 3. 24 )  

D ' d  + F ' h  + Cg = V 

from which the absorption of the equat ions for c oKs can b e  accomplished 

by solving the last equat ion of ( 3 . 24 )  for g :  

....... g = c-1 (V - D 'd  - F'h) 
and sub stituting for g into the remaining e quat ions of (3 . 24 )  t o  give : 

+ = (A - DC-I D '  )d  

(B ' - FC-1 D 1 )d 
• • • •  ( 3. 25 )  

+ = 

Absorpt ion of the e qua:ti o:::ls f er herd-years can n o ;.; proceed by s olving the 
second e quat i on of (3 . 25 ) for h :  

-
h = 

and substitut i..'Ylg for h into the f irst e quat ion of ( 3. 25 )  t c  giv e : 

j (A - DC-1 D: ) - (B - DC-1 F' ) 1H - F'C-1 F i )-1 (B 1 - FC-1 D ' )] cl 

= 

. . .  
A 

The es timate s of age-of-dam group effects (d ) may be determined fron 

• 

( 3 . 26) 

( 3. 26 )  by inverting the (a x a)  c oeffic ient matrix and post-multiplying 

by the ( a  x 1 ) vector of observat ions.  If desired , the est imates of herd-
� � 

years effects (h) may be obtained by the sub stitution of d for d in the 

sec ond equat ion of ( 3 . 25 )  and s o lving for h. The estimates of cow - effec ts 

(g) may be similarly determined by substituting d and h for d and h 

respectively , in the third equation of ( 3. 24 )  and s o lv ing for g. 

The large numbers o f  herd-years and cows in this study prohibited the 

storage in memory of equations (3 . 23 )  in the c omputer (Burroughs B6700 ) . 

Therefore , the above double-absorption procedure was executed indirectly 

as the data were read in from magnet ic tape in the following manner : 

(i )  Data "1-Te re s o rt ed by cow within he rd-year • .  

( ii ) Equations for the effect s of age-of-dam group , herd-year , 
an d  c o;-m vrere collected for one herd . 

( iii ) C ow equations for the herd , after adding the appropriate 



varia.'l.ce ratio t o  th e d iaeonal eleh!en ts , -rre re abs orbed in to 

the herd-year and ace-of-dam gro�p equations . 

( iv) Herd-year equ.a tioDs for the hero 1-:ere ab sorb ed int o the 
age-of-dam grm1p equations . 

I \ �, v· ; Steps (ii)  f ( ·i .; -; ) � ,- ;>  ( :.-if ) \ --- .. jl <--.. ->..1.. \ -'-
of c.l l C O\·rs a.'l..d herd-years 1-!Zd been processed. 

67. 

The solut ion s for t::,_e fixed age-of-dan effec ts from the re suJ.tine 

abs orbed equat ions (3. 26 )  are ident ical to solving the e:::1tire best 

lineo..r unbiased e aua tio!J.s (3. 1 8) ,  vhe re the c oefficie.:.!t matrix of eq_uc:.ti ons 
(3. 1 8) is invert ed by p2rtitioning. 



CHAPTER 4 

DATA 

I .  S0DRC:C 01? DATA 

In 1 963 the Nerr Zealand Sheep and Beef Catt le Survey o f  the Hei<T 

Zeal<LYld l'·Ieat Producers Boa rd  and the lieu Zealand 1'!ool Board initiated 

68 . 

Uei>T Zeala.11d ' s first comprehensive beef cattle :perfcrnance re c o rding 

s ervic e .  This •;as lmoi'm as the Beef Cat tle '\•/e ight Gain Performanc e 

Rec ording Schene . After approximately 1 0  years of operation this schene 
rras servic ing 325 predomir .. antJ.y regi s t ered beef catt le herd s ,  1-r!1ich 

represented 26 percent of all rEgi stered beef herds in Neu Ze a la.Tl d  

(Anon. , 1 973b) . The particulars rec orded inc luded ident ificat ion of the 
calf ,  sez , he 1'd , a..v;,d bre e d ;  birth dc.t e ,  b iT th 1-re ight , d ates and 1·Teights 
ut v:rea.TlL"'lg and at eie;hteen-months , and the :l.dentification nu:Jbers of the 

c alf ' s  dam and sire and their respective ye2.rs of birth. 

Tt.e Sheep and Beef Catt le S'LX'Ire;>r ��·as di sbanded in 1 972 , <2-'c 1k�Lch 

time c ontrol and operat ion of t� e Beef Catt le Height Gain Perfor::1ance 

Recording Scher!!e ;.ms tr<msferred t o  the He1·r Zealand Dairy Bo:1:rd i·rho 

operat ed it on b ehalf of the r;e-,r Zealand Heat Produc ers B oard . By 1 973 

this recording scheme had been repl ac ed by the National Beef Record ing 

Service (Beefplan ) ,  vihi c� is the pre s ent perforn:ance rec ol'ding systeo 
fo r  beef c at t l e  in l�eu Zerrland. 

Despit e the m o dificat ions tlmt have been incorporated int o this 

service to da t e ,  the adjustments of weaning vmights f or the e ffec t s  of 

age of calf and age of dam rem a in  the same as those t hat lre re employed 

in the Beef Catt le vleight Gain Peti' ormance Rec ord ing  Scheme . These 

adjustments f ol l ov;ed th e rec ommendati ons of the UP.ited Stat es Beef Cattle 

Records C ommittee Report ( 1 965 ) .  

The data used in this pre sent study ,., ere the ,.reaning re c ord s  o f  

Hereford and .Angus calves rec orded in the Beef Cattle 1<Te ight Gain 

Performanc e Rec ord ing Scheme filed in the Farm Production Division of 

the Ue�>T Zeal and Dairy Board. 



II. DESCRIPTION OF DATA 
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For the o bj e c t ives o f  t he study t o  b e  fulfilled , it vras c ons i dered 

ne c essa�J t o extract data c overing a C OQprehensive rru1ce of herds and 

environnents in v:hich 'Leef cattle rec ords of h i gh. perfor:.nance had been 

oaint airred over several year s .  A high proport ion of the animals rec orded 

in the Beef Cat t le i'ie ig.h.t Gain Pe rfo:nnance Rec ording Schene 1,.ras ret;ist ered 

'd th th e ap propriate Breed Associa tions. 

Although ap?roximately one quarter of the registere d beef catt le 

herd.s in lTevr Zeale.nd vre:::-e recording calf 'l·:eQTI.ing •·�e igh t s  by 1 972 , a 

prvp ortion of these herds had r elat i vel:r sma l l  numbe::.-s of c ov:s vi thin 
the ir  breeding U...'1its . C onseque::1tly the first of hlo cr iteria d et e m ining 

the su itability of i·;eight records for the analysis vms the number of 

breeding c ovrs Hi thin each h e rd .  A min:inum herd s iz e  of 40 c o·,,s viaS 

c ons id.e red a re e.son ab l e  level U:;JOn 1·1hich to base this c ri terion .  The 

sec ond re quirenent impo sed on the file s in the o ri ginal data involve d 

the length of time durbg 1-:h:Lch herds had been :part icipat ing in the sch ene . 
A nin:inu..::t d'UX"ation of four s ucces sive years of v:-eight rec ar d. ing riO.S 
regarded t o  be suffici ent . 

The original do.ta fron th e Beef Cattle Ueight Gain Perfoma.:"'lce 

Rec ording Scheme were scre ened acc ord ing to the hm crite ria m entioned 

above and re sulted in 55 Hereford and Angus herd s  with a t ot a l  of 24437 
l'<e2ning weights , r ec o rd e d  O'ter a nine-year pe riod frotl 1 964 to 1 972 

inclus ive , b ei..r1g •dthdrawn for analysis . 

Table 4 . 1  pre sent s  so::Je descriptive sta t i stics associated vli th thes e 

dat a �  Despite the l art3'er numb ers o f  c alf v7eaning 1-reight rec ords and o f  

CO\'l s that were recorded t o  have 1-1eane d a t  least one calf in the Angu s 

breed , the average weights and ages at weaning, and the everage numb er 

of r ecords per cou rTeaning at least one calf vTere similar for both breeds . 



TABLE 4 . 1 : Nu:ce rical description of data extracted frora the 

BE:ef Cat tle 1-Tei f-h t Ga-i n Perfomance Recordi..."lg 

Scteme (1964 to 1972) 

Item 

l�umber of rrean:ing records 

.Aver2.ge vreigh i: at weaning (kg-) 
Average age at weaning (days ) 

l�Ul!lber of herds 

Ave-::2.ge nmrbe::- of recorded years 

per hsrd 

1-iur::ber of male s v;ea:J.e cl 

Nunber of feiilElles v:ea."l ed 

Numb er of c or-rs weaning at least 
one calf 

Average n�b er of weaning records 

per c m; weaning at l east one calf 

Hereford 

7771 

202 . 0  

21 8. 5 

1 8  

s . o  

3922 

3849 

29 1 1  

2 . 7  

Breed 

Angus 

1 6666 

204. 9 

220 . 7  

37 

7. 6 

9261 

7405 

61 06 

2 . 7  

70. 
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CHAI'TER 5 

REStJLTS JJm DIS::USSION 

The analyses of variance of the main effe c t s for the 1reaning �;eights 

of Hereford and Anb�s calves are presented in Tab le 5 . 1 . All main effect s  

included i."l model ( 3 .  1 )  1·1ere highly sign ificant sources o f  variet i on f o r  

each breed. 

The ar.aly�es of �arianc e of firs t-order int erac tions fi tted 

ind ividually with tbe main effects of Table 5 . 1 are sumzarized in Table 

5 . 2 . The se reveal that each first- order inte rac tion between respec t ive 
main eff ec t s  1-ms highly sign ificant . The levels of significance in 

Tables 5 . 1 and 5 . 2  could b e  explaiued by the large nunber of degrees 
of f ree dom for the error e stioat e s .  

As discussed in Ctillpter 3 the rela tive levels of i�portance of the 
1:2ain effects i-lere detemined by compari."lg the reductions in error variar:.ce 

resul t ing fror;:; fitting models that respectively excluded and incl-uded the 
. f'� .1. • .J.. . r::.aJ.n e_ r e c v ln q_ues �..J.on. The relative levels of ioport &TJ.c e of the 

individual interact ion effect s 1-:ere similarly ob tained , c onparing the 

reduct ions in re sidual varian c e  from fitting mo del s -v;it h and 1-ri thout 
L"lcl usion of t he interaction effect in que st i on . 

The percentage reduction in errcr variance due -to fitting
- the main 

effec t s  and individual i."lteraction effect s for each breed are given in 

Table 5 . 3 .  In b o th breed s ,  the most ioport�"lt single source o f  variatio� 

was that due to l inear regress ion on age , followed by that due t o  sex .  

All main effects f or each breed c ontributed to more than a 2 percent 

reduct i on in error variance. Of the interaction effect s ,  only the he rd x 

year term for the Herefords and the herd x year and herd x sex terms for 

the Angus c on tributed t o  at le ast a 2 percent reduction in e rror variance 

after all main e ffects had been fit ted . 

The percentage reduct ions in error variance assoc iated with fit ting 

regress ion on age , age of dam , and sex of calf , indicate tr.at these 

:;>ourc e s  of vari at ion "t-rarrant adjustment llhere weaning we:i6hts are to be 

c ompared accurate ly. Although herd effe c t s  i·re re an important influence 

on the weaning weights in this present stud y ,  it is likely that weight 
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TP...BLE 5. 1 : Ana lyses o f  variance of the ma in effe c t s  

Sourc e of variation Hereford. Angus 

df He an square d.f J.�ea.n square 

Total 7770 1 6665 

}�ean 1 1 6561 1 0.7*** 5690232. 2*** 

Herds 1 7  68522 . 8*** 36 51 325 . 1  *** 

Years 8 22362. 9*** 8 33677. 4*** 

.Lge of dam 5 1 1 8966 .8-H* 5 1 26048. 0*** 

Sex 1 708783. O*H· 2533228. 9***  

Regression on age 4492672= 9H·* 5668884 . 0*** 

Error 7737 803. 1 1 661 3 6 1 9 . 2  

*** P <  0.001 



TABLE 5. 2 :  Hean souare s  of first-order intera.ctions 
fitted indiv ; dually vrith l!lain effects for 

Yeaning -v;eigh ts 

Hereford Angtls 
Source .of variat ion 

df I·�ean s quare df Eean square 

Total 7770 1 6665 

E:e:::-d. ..,. year 11 9 1 0625 . 3*H- 235 9022 . 5.;;•** ..... 

E"rror 761 8 649 . 7*""'* 1 6378 49B . 6  

Herd z: age of dam 83 1 9� 4 . 4*** 1 73 1 261. 5*** 

Error 7654 791 . 0  16440 6 1 2 . 5  

He rd X sex 17 4783 . 5**""- 35 780) . 4H• *  

Error 7 .... ,...,., , ( L v  - - .., -{ ':;!'t . :J  1 6578 60�- . 0  
Year x a ge of Q[:.IJ. 40 2 1 54 . 0*·�·* 4 0  1 499 . 0**-Y.-

.Error 7697 796 . 1  1 6573 617 . 1  

Year x sex 8 6479 . 2*"** 8 61 91 .. 1 * ** 

Error 7729 797 . 2  16605 6 1 6 . 5 

Sex x age of daza 5 7856 . 1 *H- 5 1529. 5 *  

Error 7732 798.5 1 6608 618 .9 

* 0· 05 > P> 0. 01 

*** p < 0 . 001 

73. 



1'ABLE 5.3 : 

Ite:n 

Kain effe c ts : 

Herd s  

Years 

Age of dam 
Sex 
Regre ssion 

Percent a�e reduct ions in error variru1ce 

due to the individual fit t; rw: of main 

effects �id r; rst-order int erac tions 

Reduction (%) 
Hereford 

1 5 . 6  

2 . 7 

8 . 7 

21 .6  

on e.g e  4- 1 . 9  

Interaction effects : 

Herd. ..,. year 1 9 . 1  .c. 

Ee�d. � age o:f da"!! 1 . 5  ""-

lierd X sex 1 • 1 

Year X age of dan 0. 9  
Year X sex 0 . 7 

Sex X age o:f dam 0. 6 

74 . 

Angus 

1 5.0  

2 . 5 

5 . 7  

1 9 . 7  

35 . 5  

1 9 . 5  
1 • 1 

2 .4  

0 . 3  

0. 4 

o.o 
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Col!lparisons l'l'Ould be made within he rd s  under on-farm performance 

rec ording situa t ions ,  henc e obviat L� the need for adj ustment of thes e 

ef::ec t s . The exis tenc e of an important herd x year term in b oth breed s 

ind icat es that we i@1t c onparisons at weaning should not only be made 

l:i thin herd s , but vl'i thin ye ars as rie lL The ab senc e of other important 
interactions relative t o the c ontributions of the main effect s in the 
Hereford data impl ie s that adjustment factors for aGe-of-d� and sex-of­

calf effects on weaning -.;eigh ts may be applied over a range of he rd s  and. 
years . Similar c onclusions may be drarm for ad justments for age of dam 

on the Heani..."lg •:e ights of Angus calves. The o ccurrence o:f a relat ively 

i.nporta."lt int eract ion between he rd and s ex effec ts in the Angus data 
indicate s that the use of a l!l e&"l sex d iffe rence b1 we�ing weight as a 

sex ad just�ent fac t or appl icable to all herQs is inadequat e ,  altho�gh an 

adjustment c omputed by suc h a procedure is app l icable t o  a ll year s .  ;� 
inportant herd x sex interac t ion sue;ge sts d ifferent ial preveaning manage­

nent polic ies fav ouring a greater real ization of the sup erior grovrth 

potent ial in the male gen ot��e . 

A e  Rer:re s s i  on of \·!ei.<7h t  on Arze 

Th e est imate d pa rtial linear regress i on c oeffic ients of Height on ar.;e 

at wea.."ling 1-!it l'..i.n herd , year, age-of-dam and s ex subc las s es for Hereford 

end Angus calves were 0. 70 ± 0.01 and 0 .62 ± 0 . 01 kg/day , respectively. 

These estimate s c orrespond closely to the arithme t ic mode of pvb lished 

values pr e sented in Table 2 . 7. The e s t :iJ:nated c oeffi c ients , t ogether ;dth 

the m ean ages at wean�"lg fo r He ref ord e�d Angus calves of 2 1 8 und 221 days 

respec t ive ly , l'rere em ployed to de termine t he mean wea.11ing wei ght s for t he 

two breeds ( 204 . 6  ± 0 . 6  kg and 202.,8 ± 0.4 kg re spectively) as out lined 

in Chapter 3.  

B .  Age of Dam 

Leas t-square s e s t imat e s , means and mean differences frow mature 

( 6  to 9 year-old ) de�s Tor each age- of-dam group are sho�rn in Table 5 .4 .  

rleaning weights o f  Hereford and Angus calves inc reased by 33 . 3  kg and 

22. 7  kg re spec t ively , as age of dam increased from 2 to 6 to 9 years of 

age. It is possible for reasons outl ined ip Chapter 2 ,  that the estimat e s  

o f  age-of-dam effects in Table 5 . 4  are biased slightly d ol1nWard in the 

younger age groups and up"Hard in the o lder ages if Herefo rd and Angu s dams 



TP.-BLE 5�4 : Least-square s est i.mates1 means and mean 
differences from mature d��s of age-of-

Breed 

Hereford : 

General mea.1J. 

Age of dam 
( years ) : 

2 

3 

4 

5 
6-9 

1 0+ 

1L"1gus : 

General mean 
Age of dan (years ) :  

2 

3 

4 

5 
6-9 

1 0t  

a Standard error 

* 0 . 05> P >  0 . 01 

** p < 0 . 0 1  

dc:.IJ grouns for weaning weight 

Number of Est imate He an 
rec ords (kg) (kg) 

7771 204 . •  6 ± 0 . 6 
a 

436 -22 . 4  ±. 1 . 2  
a 

1 82 . 2  ± 1 . 5 

1 504 -6 . 6  ± 0 . 7  1 97 . 9  ± 0 . 8  

1 359 2 .3  ± 0 . 7  206 . 8  ± 0 . 9  

1 1 06 7 . 1  ± 0 . 8  21 1 . 6 ± 0 � 9  

2537 1 0 . 9  ±. 0 . 6  21 5 . 5  ± 0 . 7  

829 8 . 7  ±. 0 . 9  21 3 . 3 ± 1 . 1  

1 6666 202 . 8  ± 0 . 4  

495 -1 3 . 9  ± 1 . 0 1 88 . 9  ± 1 . 2 

2976 -6 . 4  ± 0.4  1 96 . 4  ± o .  5 

2701 0 . 9  ± 0 . 5  203 . 7  ± 0. 5 

2309 3 . 3  ± 0. 5 206 . 2  ± 0 . 6  

5797 8 . 8  ±. 0 . 4  21 1 . 6  ±. 0 . 4  

2388 7 . 3  ±. 0. 5 21 0 . 2  ± 0 . 6  

76 . 

Mean 
differenc e  

(kg) 

33 . 3** 

1 7 . 6** 

8 . 7** 

3.8-l."* 

o. o 

2 . 2 

22 . 7H· 

1 5 . 2** 

7 . 9** 

5 . 4** 

0 . 0  

1 . 4* 



77 .. 

have been selected on productivity. In an endeavour to  overcome these  

biases , .aee-of-da'r!l influenc es on the weaning vr eignts for each breed >·rere 

det e�ined by be s t  linear unbia se d est imation pr ocedures ., 

( .  \ t \ • J  Best l L�ear unbiased est�ation of age - of-den effec s .  From the 

C..::..scuss ion in Chc.pter- 3 ,  best liEear ur:.b:..a sE:.d. es-:ir:lc.tion of a�;e- of-d.an 

effects on ;,rean i..'1g weights necessitates the prior est imat ion of varia..�ce 

c onponen ts for c ow and error effect s .  As ir:dicated in mod el ( 3 . 30) the 

weaning Heigh t s  for eaci': bre ed were ad jus-ted for age m d  sex of calf . 

Adj ustment for age of c alf enployed H ethods I ,  II and III  of Chaper 2 ,  

Kith adjustment f or sex being applied mult iplica t ive ly t o  the re c ord s 

of feQale s as the ratio  cf the respec t ive s ex means for each b reed . 

Table 5 . 5 presents the var iance c c�p onent est�ates derived by Eenderson ' s 

1·:ethod 1 ,  the ir..verted variance c omponent rat ios required for bes t  l'i11.ear 

m:biased e s timation of a ge-of-d&m 'i�fl uenc es , and c orre sponding est imates 

of the repeatabil ity of "'eWling "'e ign t �  acc ording t o  the me "'chod cf adjt::.st,... 
r:1ent fo ::- ar:;e e.t v!eaning for eacL breed . 

The est ir:lates of repeatabili ty of '\oie2..L""lbg weight as a character of 

E:ereford dans agree r:ith those rep;.n·ted in th e literature . Fer example , 

Botkin and. \•ibat ley ( 1 953) , v:ith 603 2 1 0-day 'lo."eight :::-ec o rd s  and Kilkenny 

( 1 968) ,  with 693 200-d2y 'lo."eight rec ord s ,  est imated the repeatability of 

"reaning lreight for He reford da.'TIS t o  be 0.43 and 0 . 4 2 ,  respec t ively. 

The repeatab il ity estimates obtained f or Angus dams are s l ightly 

lower then most of the reported e st imat es presented in Table 2 . 3 .  

i'li th the voluntary partic ipat ion of be ef cattle breeders in the Beef' 

Cat t le Weight Gain Performance Rec o rd ing Scheme , weaning weight s were not 

re c ord ed in c onsecutive years in s ome herd�. Consequently 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 de rived . As Cunningham and Henderson ( 1 965b ) have demonstrated , 

the magnitude of repeatability estimates tends t o  decline w ith the degree 

of' adjacency of' calf records . Lo .. Ter estimates o
.
f repeatability may also 

occur where c alves are encouraged to fe ed independently of their dams. 

Under these c onditions the maternal influence of the dam is reduced and 

any measure of intraclass correlation is more an indicati on of the genetic 

effec t s  that a re c onnon in c alves of the same c ou (Kilkenny, 1 968) . 

With the variance c omponent rat ios presented in Tab le 5 .. 5 ,  best linear 
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T.A.BLE 5. 5 : Est imA t e s  of varia�ce c o�ponen t s, their rat � os 

and re"Peatab i l 'i t ; e s of v1ean ing Height accord ing 

t o  method of adjustwent f or age at wean inga 

Breed 

b Hereford : 

d Anr;us : 

NeEwd. of 

adjuntment 
for age at 
weaning 

I 

II 

I I I  

I 

II 

III 

Varia..'1.ce c onponent 

3 1 4 . 97 

373.81  

327 . 69 

1 64 . 00 

1 96 . 55 

1 80. 59 

Err or 

(�)  e 

368 . 67 

434 . 99 

364 . 03 

328 . 27 

395 . 25 

340. 56 

P..atio 
(cf/rl-) 

e c 

1 . 1 7  

1 . 1 6  

1 • 1 1  

Repeatability 
? 2 2 ( (J� I (er  + cr- ) ) c c e 

c 
0.46 ± 0 . 01 

0 . 46 ± 0 . 01 

0. 47 ± 0 . 01 

o .  33 ±. 0 . 01 

0 . 33 ± 0 . 01 

0 . 35 ± 0 . 01 

a We ight records adj·J.stecl for age at rrea.ning by Kcth od s I �  II and I I I  
of Chepter 2 ,  �ld for sex by multiplicative adjustme�t fact ors of 
1 . 1 6  and 1 . 1 3  to Here ford. and iL"lgu s he ifers , respec t ively. 

b 

c 

d 

Total nunber of dams .. 2901 . 

To tal numb e r  of c alve s  = 7698 . 

Sta.nC.ard error . 

Total number of dams = 5086 . 

Total number of calves = 1 41 98 .  



unbiased e st imat e s  of a.ge-of-dam effects on the weaning vreights of 

Hereford and . Angu.s c alves were determined acc ording to the method of 

adj ustment for age at weaning (Methods I, II and III ) .  Table 5 . 6  
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pre sents such e st imate s together with difference s  from the �ature ( 6  t o  

9 yee.r-old) d e.r:1  age group .. The r;eaning 'l<:reigt:: s o f  He:o:-eford and .P..nc,J s 
calves increased by approx�at ely 28 kg and 26 kg respectively , as age 

of d� inc reased from 2 years to the mature ages. From 398 21 0-day 

weight rec ords in 'b.;o Hereford herds , Neville et al. ( 1 974) obtained 

" • • •  maximum l ikelihood • • •  " differenc e s  fro:;1 mature ( 6  to 8 year-o ld ) 
d�s of 1 8 ,  1 2 , 5 and 3 kg for 3 ,  4 ,  5 and 9 to 1 2  year-ol d  dams fo r one 

herd , and 1 5 , 5 ,  1 an d  3 kg for the respec tiv e dam age s for the s ec ond 

herd. These authors c oncluC.ed. that in c omparis on 'IITith age- of-dam e s t imat es 

d erived by l east squares prc cedv.Tes ,  the!·e vras l ittle difference behreen 

the e s t imates derived by either procedure . 

In c omparison 'llri tl} the least-square s  differences from the mature 

ace- of-dam group pre sented in Table 5 . 4 ,  best l in ear unb iased differe�ce s  

c:.re genera l ly of s l ight ly s:naller magnitude for t h e  younger age groups . 

Fro� Chapter 2 ,  es timat es of �on-mature age-of-dam effec ts by le ast 

sc;,ua:r·e s Gross C orr�pe.ri son p:::-ccedc:..res ter:d to be biased fro::2 t:r..e true age 

effect s due t o  tl-:.e influence of s ele c t i on of coKs on performanc e .  Best 

linear u..."lb iased estime.t i on proc edures l:ovrever, take e.cc ot:nt of t h is b io.s 
by ut i l iz ir-g both within- and beh�een-cow differenc e s .  C onparis ons of best 

linear unb iased estimat e s  of dev iat ions of non-mature dam age groups fr om 

the mGl.ture dam age group in Tab l e  5 . 6 ,  Kith tho se e st imat ed by le e. s t  
s quare s  in Table 5 . 4 ,  tend. t o  sur-p ort this the ory for Eere ford dams , 

and for Angus dems rTi th the except ion of the 'hro extrel!le a;;e group s .  

In eva luating adjustments for the effect s  of age on production in 

dairy cat t le ,  Lush and Shrode ( 1 950) noted that er:::-ors amounting t o  le s s  

t han one quarter of a s t andard deviat i on of a c ow ' s est im ated produ c ing 

ability , may be regard ed to be of little prac t ical sign;ificance .  Under 

c ondit ions of select ion on individual performan ce , a s imila r basis of 

comparis on was employed in orde r to obtain some indic ation of the imp ort ance 

of differences be��e en age-of-dam deviations from mature ages derived by 

least squares and by best linear unb iased est imation proce dure s . With a 
heritatility of weaning 'freight of 0. 2 5  (modal value of Table 2. 1 ) ,  and 
1dthin-subcle.ss sta..'1d ard d.e·.rie.tior...s of 28 . 3 kg and 24 . 9  kg for Hereford 

and Angus calves ,  re spe ctively (Table 5 . 1 ) ,  one quarter of a standard 

deviation about an individual ' s  es timated breeding value was determined 



TABLE 5. 6 :  Best l inear unbia sed est imates ( BLUE) 
and d i ffere nc e s  from nature dams of 
age-of- d an groups for weaning '"eighta 

I·�etho:i of 
Age of dam (years ) adjustment Breed 

fc'r a ge at 2 3 4 5 6-9 we aning 

He reford : 

BLUE I 1 59 . 0  1 70.4  1 79 .4  1 83 . 8  1 85 . 6  

I I  1 56 . 3  1 69 . 2  1 78 . 1 1 83 . 5  1 85 . 8 

I I I  1 60 . 1  1 72 . 4  1 80 . 9  1 85 . 5 1 87 . 5 

Differenc e s  I 26 . 7  1 5 . 2  6 . 2  1 . 8 o.o  
I I  29 . 6  1 6 . 6 7 . 7  2 . 4  o.o  
I I I  27 . 4  1 5 .  1 6 . 6  2 .0  o .o  

Angus : 

BLUE ..,. ·t eo . o 1 9 3 . 7 200 . 9  202 . 8  205 . 9  ..1. 

II 1 80 . 0  1 92 . 8  1 99 . 7  202 . 5 206 . 5  
- �T j_ J.. _ 1 78 . 6  1 9 3 . 3  1 99 . 6  202 . 5  206 . 3  

Diffe rences I 25 . 3  1 2 . 2  5 . 0  3 .  1 o . o 
I I  26 . 5 1 3 . 7 6 . 8  4 . • 0 o . o  
I I I  27 . 7  1 2 . 9 6 . 6  3 . 8  o.o 

a 
WeiGht rec o rd s  adjusted for age at weaning by I·:ethods I , I I  and 
of Chapter 2 ,  and for sex by mul t i p l ic at ive adjustment factors 
1 . 1 6  and 1 • 1 3 to Hereford and .Angus heifers , respec t ively . 

80. 

1 0+ 

1 82 . 6  

1 82 . 2  

1 84 . 1  

3 . 0  
3 . 6  

3. 4  

205 . 4  
205 . 9  
205 . 6  

0. 5 
0. 6 

0 . 7  

I I I  

of 
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to b e  6 . 1  kg for Heref ord c alves and 5 . 4  kg for Angus calves .  For each 

bree d ,  c ompari son of the d ev iat ions of non-mature from mature dam age 

groups pre sented in Table 5 .4  with those pres ente d in Table 5 . 6 ,  

indica ted n o  maj or d ifferenc es between d.eviat ions estimat e d  by lea s t  

that selec tion on perfoTQanc e in the Hereford and ��us dans in this 

pre sent study vras ei ther not effec t ive or vras not undertaken by b reeders. 

C .  SeY. of Calf 

Table 5 . 7 pre s ent s least-square s est imat es and mean s of sex groups 

for the vrea!ling weigrlts of tiereford an d .Angus calves . The wec.ning 

wei6ht s  of ma les were s ignific��tly heav i e r  than those of fenales . 

':!:he mag!litudes of the 2u:pc :!:'i ority in average v<eigh"ts weaned of mal e s  
over th::: t of fen cle s do not c o::rrpare with those reported by Earwin e t  aL 
( 1 966 ) , Taylor ( 1 9 67 L Thon:scn ( 1 968 ) or Koch e t  al . ( 1 973 ) in Table 2 .  4 .  
I:1 Neh Zealand , rec ently re;: . .  :rted c s t il:J.&.t e s  of d iffe renc e s  in the viean ing 

,.;eights of the two sexe s generaEy been of a SI!lal le r  maQl itude than 
tho se present ed in Table 5 . 7. Baker et a l.  (1 974 ) report ed bull-he ifer 
differenc es cf 1 6 o L  kg c::.nd 1 4 . 0  J:,_g in two he::-ds , rrhilst Fleasants ( 1 974 )  

obs erved male-feQale diffe renc es t o  ranee from 1 5 . 1  Y� t o 23 . 6  ke L� one 

herd , and 9 . 0  kg t o 1 8 . 6  kg in a sec ond herd of Ang�s cat tle ove r  a 

period of thre e year s .  

I t  is unl ike ly tha t e s t imat ed d ifferenc es be tKe en the v:eaning weights 

of male s and f emal e s  in t h e  pre s ent e tudy 'locere due to a c onfounding 

bet�een the ef fec t s of c ast ra t i�g male s  an1 of s e le ct ion for siz e ,  as 

d i scus sed in Chapter 2 .  Diff e rent i a l  prev:ean ing mam�gement policies 

affording mal es a gre at e r  opportunity to re alize their superi or growth 

potential is more l ike ly t o  contribute t o  inflated bull-heifer 

differences , part icularly where beef producers are primarily engaged 

in the sale of bulls . The existence of a significant int erac t ion between 

herd and sex effect s in the Hereford and Angus data ( Tab le 5 . 2 )  lends 

support to t h i s  v i ew .  

I I .  EVALUAT ION OF .ADJUSTl\:IENT PROCEDURES 

A. Age of Calf at Wea�i.n.c; 

The adjustment of vTeaning >-.'e ights for age of  calf presently empl oyed 

by the Nat ional Beef Recording Service applies the principle of Method I 



TABLE 5 .. 7 :  

Breed 

Eere ford : 
Gen eral mean 
}�ales f r' ' '! J 
Fe!:!ale s  (p)  ' I 

Difference 

Angus :  

(H-F) 

General me&"l 
Kales ( H) 
Female s (k') ,. ' 

Difference 
r .. "' ) \ )•.-·.£ 

a Standard error 

** 
P <  0 .. 01 

Lea s t- 8gua re s e s t imates and means of 

sex groups for ,.;ean ing- 1-1eight 

NUiilber of Estimate 
rec o rd s  (kg) 

7771 
3922 1 4 . 9  0 -.:a 

± e ./ 

3849 -1 4 . 9 ± 0 . 3  

1 6656 
9261 1 2 . 8  ± 0. 2  

74 05 -1 2 . 8 ± 0 . 2  

82 .. 

Mean 

(- ) \kg 

204 .. 6 ±. o . 6a 

21 9 . 5  ± 0 . 6  

1 89 . 7  ±. 0. 6 

29 . 8** 

202.8 ±. 0 . 4  
21 5 . 6  ±. 0 . 4  

1 90.0 ±. 0 . 4  
25 . 6 ** 
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discussed in Chapter 2 .  Birthweigh t s  o f  33  kg and 28 kg are assumed 

for Herefo rd· and Angus calves ,  respectively. FollOI'I'ing this procedure , 

weaning vreights v[ere adjusted to a standard age of 200 days . vleaning 

weights were also adj usted separately to 200 days of age by applying 

Hetho ds I I  and I I I  of Chapt er 2 using the est ioated regre s s ion 

coefficient s of weight on age for each breed . Evaluation of the three 

metho d s  of adjustment was based on the premise that age-adjusted vreights 

shou.ld b e  independent of age .. Table 5 .8  presents the pooled and within­

subc lass regre s s ion c oeffic ient s  of 200-day vTeight on age for each breed . 

V/here '1-ri thin-subclass regressi on c oeffic ients did not explain a 
significant portion of variation in a djusted weights and did n ot dev iate 

s ignificantly fror2 zero ,  the ad justed weights 'I'J"::re regarded to be 

i."'ldependent of age . On the basis of this c riterion , Nethod.s II and III 

l-te re  c cns idered superior procedures of adjustment for age a t  1\· eaniilg f o r  

the Hereford calves , Khilst Hethod I I  on ly sat i s fied the crit erion for 

th e Angus calve s . In eithe r bre e d , the ad justment of we ights f or age 

at v:eaning by the procedure used in the J\at ional Beef Re c ording Service 

(Hetb.od I) was less efficient in reduc ing t he depender.ce of '"eight on 

age. The sup eriority of Eethod s II a.ll.d III evident in Tc.ble 5 . 8  must 
hm-:ever, be regarded >dth cauti on .  I•!ethc,ds II and I I I , in contrast t o  

1-iethod I ,  were evaluated by their applicat ion t o  data frol:l w·h ich the 
parameters they employed had b een e s timat ed . 

An alternative basi s of c omparis on of He thods I ,  I I  and III was 
also em pl oyed in Khich the n:agni tude s of the residual variance l-fi thin 
herd-ye&r-age of darr- sex subc l a s s e s  w e re evaJ uat ed . The p e rc entage 

reduct ion s in the error vari anc e s  re sult ing from fit t ing herd. , year , 

age-of-dam , and s ex effects , and from fit ting the same main effec t s 

w ith age at weaning accounted for by �rethods I ,  II and I I I  are given 

in Table 5 . 9 . In b oth breeds ,  the p ercen tage reduct ions in residual 

varianc e  resultL�g from adjust ing weight s by Methods I and I I I  were 

s imilar , whe reas the reductions aft er adjusting weight s for age by 
z.Iethod II l'Tere approximately 9 perc ent le ss than those for Methai s I 

and III. On the basis of these result s ,  the adjustment of weaning 

weight s for age by an add itive application of linear regression of 

weight on age was le ss effic ient in reducing rrithin-sub c lass residual 

variat ion than both the mult iplicative linear regression proc edure and 

the procedure currently employed in the Nat ional Beef Record ing 

Service .  



TABLE 5s 8 :  Pooled an d  w ithjn herd-year-age of dam­
sex rep·essi on c oefficients of 200-day 

�:oir!lt on e. r;;,e-

84 .  

Breed 
Eethod of adjustJ.:.,ent fo r age at wean inp;a 

Hereford : 
Paoled 
vTith in-
�ub-
cla s s e s  

Angus : 
Pooled 
v:itb in­
sub­
c la s s e s  

!�o adjustment 

n �os 0 �oob 
.J .  { ± . u  J 

0 . 696 ±. 0 . 009 

0 . 69 0  ±. 0 . 006 

0 . 6 1 7 ±. 0. 007 

I 

-0 . 091 ±. o . oos 

-O. OSB ±. 0 . 008 

-0 .. 1 6 1 .±. 0 . 006 

I I  

c 
O . O i 2 + 0 � 009 
o. ooo ±. o . 009

c 

0. 073 ±. 0 .006 
o. ooo .± o . oo6c 

a Weight r ecords adjnsted for age of r·:ethod s I ,  II and III 

b 
c 

of Chapter 2.  

S tan d ard error 

( Regression coe�fic ients are not s i gn ificiant , 
nor do they d eviate significantly from z ero ) . 

III 

0 . 009 ±. o. oosc 

c 
0 .0 1 1 ±. 0 . 009 

0 . 079 ± 0 . 006 

0 . 01 4  ±. 0 . 006 



TABLE 5.9 :  

Breed 

Hereford : 

A:c.gu s :  

Percentage reduct ions in error varianc e 

acc ord ing t o  method of adjustment of 

. h' f L • a we• g 1:s or age a �.  ;.;ee.n mg 

Hethod of 
ad.j ustment 
for age at 

wea.ning 

None 

I 

I I  
I I I  

None 

I 

II 
III 

Error mean 
s quare 

1 383. 6 

667 . 2  

803 .0  

670� 3 

960 .4  

537. 4  

6 1 9 o 2  
537o 3 

Reduct ion (%) 

51 . 8  

4 2  .. 0 

5 1  . 6  

44 . 0  

35 . 5  

44 . 0  

85 . 

a 
rJeight rec ords ad justed for age at rreaning by Ne t tods I ,  II and I I I  
o f  Chapter 2 .  Error variance . i s  wit h in herd-year-age o f  dam-sex 

subc lasses . 
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B.  Age of Dam 

Adjustment factors f o r  a ge-of-dam effects on calf weaning "�>Jeights 

in the Nati onal Be ef Recording Service employ mult iplicative factors 

rec o:n.mended by t he United Stat es Beef Cat tle Rec ord s Com::J.ittee Report 

the �;ea.."ling ,.;eights of He reford 5.nd J..:ngus calves in this study ,.;e re 
derived fro� t he least s quares and best linear unbiased estimat es of 

age-cf-dan group means presented in Tabl es 5 . 4 and 5 . 6 ,  respectively. 

For c omparis ons with the Nat ional Beef Re c ording Service ,  adjustments 

d e termined in this pre sent study , c onverted to mult ipl icative form ,  
are given in Table 5 . 1 0 .  In gene ra l ,  the e st ircated. fac to rs d iffere d 

from tho se e:rployed in the 11;ev! Zealand beef c att le ino ustry . The resd ts 

ir.J icate great er handicaps for He reford calve s out of 2 ,  5 and ; o  years 

a.!d older dams tha..'1 those accouJ.-:ted for by the indu st ry adjustment 

fac tors . The c o:.:-Nerze appl ied t o  Hereford. calires out of 4-year-old d aos.  

Kational Beef Rec o rd ing Ser-.-ice facJc crs und er-ad justed the rec ord s of 

Angus calves out of 5-year-old. da::ns ,  e...."ld over-ad;jus ted progeny rec ord s 

of 3- end 4-year-old dar:;.s . In c ow.trast t o  He:·eford calve s , t he ind u sh 7  

::."c:c t o:::-.s for J.;:::.r:,us c alves out o f  d�s at t!1 e tv;o extre:rre age groups ,.;ere 
gene rally c tms ist &nt '-: ith t::o se estimated in the prese!lt s'b,;.dy. 

Indicat i ons of the importance of differenc e s  beh;een e s t ima ted 

adjus tment s a"YJd those ecpl oyed. in the 1'7at :;.onal Beef Rec ord:ir:g Service 

were evaluated b;,r expre ssing all adju stment s as additive deviat ion s  

frcm the mature dam age group. Ad just�ent fac t ors of the Nat iona l Beef 

R ec ord ing Service were applied to the ne an weaning "�>:eight of each bre ed 

in order t o  approx � ate corresponding factors L"YJ additive form . The 

resul t s  of these conversions are presented in Table 5 . 1 1 .  With standard 

deviat ions of an individual ' s  estimated breed ing value of 24 . 5  kg and 21 . 6  

kg for Hereford and Angus calves ,  respectively (from p . 79 ) , differences 

among c orresponding adjustments amounting to less than one quarter of 

these values were considered to be unimportant.  

There were fe�T notable differences between the adjustments computed 

for both Hereford and Angu s breeds,  and tho se modified from the Nat ional 

Beef Recording Service .  Differences behreen 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 modifi ed t o  addit ive forms , 



TABLE 2. 1 0 :  

Breed 

Heref ord : 

A..l!gus : 

l!ul tinlicat ive a.d iustment fac tors for 

age-of-dam effect s on �·leaning weights 

Source of 

ad.justuent 
fect ors 

N"BRSa 

LSb 
BLUE� 
RLU...,c - L _ _  J_ j_  

- - c 
BLUE � - � J. J. .L  

0 
KBRS� 

LSb 
r> L>T TT...-:-;-.o.J.u :..- L-J. 

BT iT!i'c J.J v .U  
II 

BLUE: I"'" J. J. 

2 

1 1 C:: 
f • I ,..1 

1 . 1 8  

1 • ..., 
, • I i 

1 • 1 9  

1 .  1 7  

L 1 5  

1 . 1 2  

L 1 4 

1 i C:: ' • ' ...I 

1 1 h ' . I .,./  

J�r::e of dt:.� ( \'E'CcT'f3 ) 

3 4 5 

1 . 1 0  1 . 05 1 . oo  

1 . 09 1 . 04 1 . 02 

1 .  09 1 . 03 1 . 0 1  

1 . 1 0  1 . 04 1 • 01 

1 . 09 1 . 04 1 .  01 

1 • 1 0 1 . 05 1 . 00 

1 . 08 1 . 04 1 . 03 

1 . 06 1 . 02 1 . 01 

1 . 07 1 . 03 1 . 02 

1 . 07 1 . 03 1 . 02 

6-9 

1 . 00 

1 . oo 

1 . 00 

1 . 00 

1 . 00 

1 c OO  

1 . oo 

1 . 00 

1 . 00 

1 . oo 

a 
Ad ju stment fac t ors pre sentJ.y enployed in t he Nat iona l Beef 

Rec ord ing Service. 

b 
Adjustme::J.t fac t ors estimate d by least squares . 

c 
Ad j ustment fac t o rs  est imated by best linear unbiased estimat ion. 

Subs cripts ind icate prior ad justment of weight reocrds f or age 

at weaning by Methods I ,  II and III of Chapter 2. 
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1 0+ 

1 . 00 

1 . 01 

1 . 02 

1 . 02 

1 . 02 

1 . 00 

1 . 01 

1 . 00 

1 . 00 

1 . 00 



Tl..3LE 5. 1 1.: Additive adjustmer.t fQctors for age-of-dam 
effec t s  on Keaning- 1·;eig..l:.t s  

Scu.rce of At"'e of dwn (ye2Ts)  
E::---c ..._::2_  C:..'�jt:s"t:!e�: t 

fact o::-s 2 3 4 5 6-9 

Hereford : 
li.BP..S 

a 30 . 7  20 . 5  

LSb 33. 3 1 7 . 6  

BLUE� 26. 7 1 5 . 2  
.i. 

- c 29 � 6  1 6 � 6  BLu""E _ _  .i.. .l 

-;L�TE0 l.. L Ill 27� 4 1 5 . 1  

1 0 . 2  

8 . 7 

6 � 2 

..., ,.., 
I .  I 

6 . 6  

o. o o . o  
3 . 8 0 . 0  

1 . 8 0 . 0  

2 .4 o . o 

2 . 0  o. o 
Angus : 

a 

b 

c 

KB�Sa 3 0 . 4  20 . 3 1 o .  1 o . o  o . o  
l 

1St> 22 . 7  1 5 . 2  7 . 9  5 . 4  0" 0 
;a• 

B- "�� l.:L LI 25 . 3  'i 2 . 2  5 . 0 ) . I o . o  
n TIT �- 26 � 5  1 'Z " 6 .8 4 .0  o . o  .bJ..Ju.DII ..; • I 

n- uEc �.L Ill 27. 7  1 2 . 9  6 . 6 3.8 0 . 0 

Eod ified adjus"ttJ.ent factors presently e::::;pl oyed in the Hat ior.al 
Beef Recording Service. 
Adjustment fac t o rs e s t imated by least s qUc�re s .  

Adjustment fact ors estimated by best linear unbiased estimat ion . 

Subscript s ind i cate prior ad justment of weight records f or age 

at weaning by I•1ethods I ,  I I  and I II of C hapter 2. 
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1 0+ 

o . o  

2 . 2 

3 . 0  

3 . 6 

3 . 4  

o . o  

1 . 4 

0 . 5  

0 . 6  

0 . 7  
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age-of-dam adjustment factors presently employed in the National Beef 

Recording Ser.rice tended to account adequat ely for the handicaps 

incurred by Hereford calves  out of dams in all age groups studied . 
On the other hand , t hey fa iled to ac c ount for the smaller hand icaps 

of Ang-u.s c2J.ves out of da.r:!s :i_n the y oungsr age groE:rs , p<;.rt icula:-ly 
for c alves out of 3 year- old da.;ns . 

Applying the sane c o� parison t o  the data presented by Bake r et al. 

(1974) re sul t ed in s imilar c onclusions. lfith a standard devia tion of 

�� individual ' s estimat ed breed ing value of 1 5 . 8  kg for Angus and 

Hereford vieaning v:eight s at �Jaiki te , adju stm ent factors to a ba se dmn 

age of 5 yea..rs a�d older , diffe:-ed markedly fron mod ified �Jational Beef 

Re c ord ing Se�;ice fact ors for adjustment s app l icab le to calves out of 

3 year-old d ams . Froc. a st ar1d.ard deviD.t ion of 1 6 . 9  kg fo:::- PJlgus vrean ii1g 

weight s in tl'iO herds at 1-iaikeria , diffe rences betvreen estimated and 

modified adjustnent s for cal-.re s  out of 3 and 4 year-old d ws in one herd ,  

a."'1d 3 year-old dens in the sec ond herd , erce eded o::1e qua rter of a stanC.a:rd 
deviat ion.  

Fron Chapt '2r 2 .  the l:!06.e of app lication o f  c:.d justr2s:1t fc_ctors for 

age- of-dan effects on ue2.Iling ·,·:eights has received s::>c.e <: tt en t ion in t l-:·:O 
pest . Addit ive adjustwe�ts r�ve generally b e en reg�d ed t o  be appropriate 

;.;!1en st andard deviat ions ere equal,  vrhereas rml t ipl:!.cet ive adjus tments 

r.:.a.ve been preferred v:t.en the c o eff ic ient s of v.:::.riation remo.i..TJ. c ons t a._'f1t . 

The effects of least-s quares estimat ed add i t ive an d multipl icat ive 

ad j ustment fact ors on the varian ces of He:·eford and Angus ·v;c:!.ght data 

ad just ed t o  200 days of age by !·�ethod I are conpa.red in Table 5. 1 2 . 

Corresponding cor2pari son s  for >veit;ht s adjusted for age at v:eaning by 

Hethods I I  and III are i llustrated in Appendix I ,  Tab l e s  I . 1 and I . 2 , 

respectively. Under the a pplication of add it iv e  adjustment fact ors , 

standard deviations remain unchanged since the addit ion of a c onstant 

will not alter the variance .  The use of multiplicative adjustment 

factors hov;ever, 1-rill alter  the variance in proportion t o  the square o f  

the adjustment factor (Cundiff et a l . , 1 966b) . The expected standard 

deviat ions resulting from the application of multiplicative adjustments 

in these data 1vere estimated in Table 5 . 1 2 by multiplying the adjustment 

factor by the observed standard deviat ion. 

Bartlett 1 s  test ( Sokal and Rohlf� 1 969) for homogeneity of vc:.riance 

indicated that for each breed, unadjusted and adjusted varia11.c es d iffered 

significantly among age-of-dam groups , except vThe re l·reights of Hereford 
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TABLE 5t 1 2 :  Stand�� deviation s  (SD). c oeffic i ent s of variation 
Ccv2 a.D d  e::\'l)ected standard devia ti ons of •·rea.n :ing 
vreim1.ts after ad iu.stm&nt for a.r;:e of da.m bv le.?. st-

derived fact ors a souar e s  

Age of 
A � d i t ive Eultipl i c n t i.ve 

Breed dam (years ) 

Hereford : 2 

3 
A '"r 

5 
6-9 
1 0+ 

Hea.n adju3tecl SD 

Range 

g.'"l 

_A.r.Lg"us : 2 
3 

4 

5 

6-9 

1 0+ 

I·�ea..TJ. adju sted SD 
Range 

SD 

d . f. 
b 

327 

1 232 
i 085 

839 

2253 
584 

- r r  ) 0 0  

24 55 
21 78 
1 804 

5262 

1 908 

SD 
(!r..g) 
24 . 2  

22 . 8  

23. 1 

22 . 0  

21 . 7 

22 . 9  

24 . 7  
1 8 . 1  
1 9 . 1 
1 9 . 7  . ..., ..., l ';i  . /  

20. 9  

Cif 

1 3  .. 3 

1 1  • 5 

1 1 . 1 

1 o. 4 
1 0 .  1 
1 o. 7 

A ':;: A i ./ • I 

9 . 3 

9 .4  
9 . 6  

9 . 3 

9 . 9  

Fact or Adjuste d  

(kg) SD 

(1--..g) 
33 . 3 24 . 2* 

1 7 . 6 22 . 8* 

8 . 7 2" 1 * ./ e • 

3.8 22 .0* 

o . o  2 1  • 7-l<-
2 . 2  22. 9* 

22.8 

2. 5 

0 . 9 

22 . 7  2Ll. 7** . . .  
1 5 . 2  1 8 . 1 -lH& 

7. 9 1 9 . 1 ** 

5 . 4  1 9 . 7** 
o . o  1 9 . 7** 

1 . 4 20 . 9H· 

20 . 4  

6 .6 

2.3  

F .... Adjusteu 
·ac t. or 

1 . 1 8  

1 . 09 
1 . 04 
1 . 02 

1 . 00 
1 .  01 

A A ') I .  I L 

1 . 08 
1 . 04 

1 . 03 

1 . 00 

1 . 01 

SD 

(kg) 
28 . 6 ** 

24 .8.;.'-l<-

24 . 0** 

22 . 4�·-l-:· 

21 ,. 7·H:· 

23 . ! ** 

24 � 1 
6 . 9 

2 . 5  

27 . ('1.·'1.-

1 9 . 5 ,�·* 

1 9 .  9•** 

20. 3H· 

1 9 . 7*-X-

21 . 1 *"" 
2 1 . 3  

8. 2 

3 . 2 

a 
Weights adjusted to 200-days of age by Hethod I of Chapter 2.  

b 
Degrees of free dom for estimat es of variance. 

* 
0 . 05 /' P > 0 . 01 

** 
p < 0.01 



calves had been adj usted for age by Jvlethod III and f or age of dam by 

add itive procedu�e s (Table I . 2 ) . 
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The unadjusted standard deviations in Table 5 . 1  2 :LTJ.di cated that 

Herefo:::-d and A..'rleus calves out of 2-year- old d a!Ils va::-ied more in 200-day 

Tl-.:.e :�c 

reduction in the veri abil ity of 200-day weights f:::-o::a 3-year-old dnns t o  

older age groups . In Tabl e 5. 1 2 , t:-l e expected standard devia� i ons af ter 

aC.just�ent of 200-day 1>Te i.ghts for age of dai!! by ad d it ive proc edures 

di splayed a ranc;e of 2. 5 kg and 6 .  6 kg with a standard devi.-ation of 0. 9 kg and 
2 . 3  Y� for Hereford and An��s weigh t s ,  re spec t ively. Ad just�ent for aee 

of d..a::1 b:.r mult ip li c<>. t ive :;.rocedur�s -i n rl i ce.t ed that b oth the ranges for 

;lcrcford and. ..A..!lg-tl s  i·�ei g!'!ts ( 6 . 9 J;-.g ar..d 8. 2 kg) and the standard 

devi o..t i ons ( 2 . 5  kg e.r..G. 3 . 2  kr;) were great e r  t han the se re s�: lting fron 

c:djustnent by ad.di tive procedures. Al though the applicat ion of addi tive 

adj:1stnent s for c.:.ge-of-dam. effec t s  d id no t e q_ualize variances , they at 
' leu.st c2.uEed. no furi= 'C r  d iY e:!:'gc:;ce ir· t!'::e recc .... . l s  a s  was the case for 
c..djust:ner:.t by mul t iplica t ive me thod s .  S in ilar c onclusj_ons 'l·ic>��'e dram 

f:oo::0. the re svlts p:!"esent ed in Tables 1 . 1 and 1 . 2 .  

A f1J.rthcr C 02p<::!"is or: of &.d C.itiye ve :::-sus r::ul t iplica-'cive edj us�en t  
factors was empl oyed , i n  Hh ich t h e  reduct ions in res idual variat ion 

·.;-lthin l:erd.-ye ar·-sex subc lasses re sultinG frou f i tt ing 1-�e ight data · 

1maci justed for at;e a t  rie e.n ing o :::- aee of dam , a'rld fron fitting the se..me 

data adjusted for these e ffe c t s ,  were ex�L�e d .  Tab le 5. 1 3  pre sent s th e 
percentege r educt ions iil residua l varic..nce for each breed ,  \'�here wei �;hts 

1-:ere ad.j-.;_sted for age of calf by Netllod I, arid for a
'
ge of d2..."":1 by fact ors 

euployed in the Nat ional Beef Re c ording Servic e  and ·by fac t ors obtained 
in th:. s study . The corre :::?ondL�g reductj ons after adjusting 'l'l'ei�;hts for 

age by Nethod s I I  and I I I  and for age of da!!!. as above , are given in 

Appendix II , Tables II. 1 and I I . 2 ,  respect ively. The results in Table 

5 . 1 3  indicate that in both breed s ,  the application of additive ad justnent 

factors for age-of-dam effect s  resulted in a 3 to 4 percent greater 

reduct ion in residual variance within herd-year-sex subc lasses than 1d th 

the applicat ion of multipl icative fact ors. Under the assumption that 

comparisons are likely to be mad e  within herd , year and sex subgroups ,  

pre sent results ind icate that after adjustment for age at w·eaning , 

ad jus tment for age- of-dam effe c t s  by addit ive proc edures tend s t o  b e  �ore 

appropriat e  than adjustment by mult iplicative procedure s .  The result s  

presented in Tables II. 1 and II .  2 in Appendix I I  lead t o  similar c on­

clusions. 



TABLE 5. 1 3 :  Fercenta�e reducti ons L� error variEillce 

ac c o rd ing to method of ad;iustn.ent fo r 
a age of d am  

92 . 

Breed adjustment 

fac t ors 
Error mean 

square 
Reduct ion Error m ean 

squa.l:'e 
Red.1;.ction (% ) ,, 

Ee::::-eford : 
No adjustment 1 45 9 . 5  1 459. 5  

IwRS 
b 764 . 9  4-7 . 6  820. 6 

LSc 
758 . 5  48 w 0  81 8 . 0  

d 
BLUE 

I 
759 . 1 48 . 0  81 4 . 9  

ET tT'"d 

lJ .c:II 758 . 5  48. 0  824- . 3  
� BLUE'in 758 tJ 9  48 . 0  81 5 . 8  

J.r.gus : 
IIo adju.s�te::1.t 998. 0  998 . 0  

HBRSb 6 1 3. 9  38 . 5  647 . 9  

LSc 601 . 1  39 . 8 637 . 1 

BLUE� 601 . 8  39. 7  63 1 . 4  
..... 

d BLUEII 601 . 7 39 . 7  635 . 6  

BL13E�II 602 . 2  39 . 7  635 . 8  

a \oleights adjusted to  200 days of age by He thod I of Chapter 2.  
Error variance is  vTi thin herd-year-sex subclasses. 

(%) 

43 . 8  

44 . 0 

44 .. 2 

43. 5  
44. 1 

35 . 1 

36 . 2  

36 . 7  

36 . 3  

36 . 3  

b 
Adjustment factors employed in the National Beef Recording Service 

c 

d 

Adjustment factors estima ted by least squares.  

Adjustment factors estimated by best linear unbias�:l estimation. 

Subscripts indicate prior adjustment of vreight records for age 
at weaning by Methods I ,  II and I l l  of Chapter 2. 



C .  Sex o f  Calf 

The National Beef Recording Service does not directly employ 

sta.."ldardized adjustmen t factors for sex of calf , provided that at 

least 20 a"limals o f  each sex have been record ed . vllien this is the 

case , the d iffercr1ce te tr;t:en t�e av erage 2.00-d ajr v;e .:!.gl1t o-£ ec.ch se;: 

is added to  the 200-day we ight of each heif er. L'1 c a s e s  whe re fev;er 

than 20 animals of each sex are rec orded , an assumed difference of 

1 1  kg is added to the 200-day w eight of each heifer. In contrast to  

the rec c�endaticn s  o f  Koch e t  al.  ( 1 95 9 ) , Brinks et al . ( 1 961 ) , the 

Un ited Stat es Beef Cat t le Rec ords C ommittee Report ( 1 96 5 )  �'1d tee 
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Be ef Imprcvem e� t Federat i on ( 1 972 ) for multiplicativ e  ad j ustnent fac t o rs 

for sex of calf , the :National B e ef Recording Se!"Vice applies adjustmen-ts 
for ffiX ad.d. i tively. 

The effeci;s of lea s t-square s est inat ed addit ive and mult iplicative 

sex adjustnent factors on th e variances of Hereford and .Ar1DJ-S Hei ght 

data , adj us te d.  f er age at 1-;ez.ning by Nethcd I ,  are c on:pared in Table 

5 . 1 4 .  The results for 1·:e ie;!1ts adjusted for age at v:eaninz t :;- l�'.:.:thods 

II and III are given in A:ppendix III , 'rab le s  III . 1 and I II . 2 ,  re spect ively. 

It is noted. �chat the E:Xi stenc e of cm inport 31lt interac tion beh�ecm herd 
and sex effe c t s  limi t s  general izat i on o f  the foll oHing re sult s for t�e 

Ano-us data over a ll herd s .  

Bartlet t t s test ( Sokal ar..d Rohlf , 1 96 9 )  for homogeneity of 

variances revealed t!lat in b oth breeds , mal e s  Here significant ly more 
variable in 200-da.y r;e ight than females . Hultiplicative adjustment 

for sex sign ifica..n.tly reduced the dif:erences :in the va.rianc cs of t:r..e 
two s exes for Here fords,  whe re l-re�ing weights had been adjus ted :for age 
by Methods I and lii •. � Reduced differences in the variances of males and 

females rel:!l.ained significant however, for Herefords ,.,here v1eights had 

been adjusted for age by Met hod II , aTJ.d for .Angus where lreights had been 

adjusted for age by Hethods I ,  II and I I I .  Despite the failure of 

multiplicative sex adjustment factors t o  fully equalize the variances 

in most cases ,  the resu lts present in Table 5 . 1 4  and Tables III . 1 and III. 2 

suggest that variances were more nearly equalized under multiplicative , 

rather than under additive adj ustment methods . Examination of the sub­

stantially similar coefficients of variation in each of the above­

mentioned three tables also suggests that the adjus tment of weights to 

a male basis is more appropriate with multiplicative fact ors. 



Standard deviat ion s  (SD), c oeff ic ien ts of 

va riation (CV) and expe c t ed standard devia t ions 
of 1:-erul i ng  llei c;ht s after ad,4ustment for s ex of 

c alf bv l ea 8t-squc�es C e�ived a lnctors 

94 .  

rl f' b Add it ive Hu J. t iPl i cat i ve 

B:::-eed s�- SD CV .Ad justed Fac t orAdjusted =� u .. • - • (kg) Fact or 

(kg) (�) (�� 
Re :::-eford : 

Iviale 3 1 83 24. 2  1 1 . 0  o .o  24. 2** 1 . 00 24 .. 2 
Fe!:'! ale 3 � -:;:: .... I _..I f 20. 5 1 0.8  29 . 8  20. 5** 1 . 1 6  23. 7  

.An.;us : 
r-ra.le 7860 21 . 0  9 . 8 o . o  2 1 . 0** 1 ,..,., . vv 2 1 . 0-¥.-* 

Fe:nale 6 1 1 3  1 7 . 8  9 . 4  25. 6  1 7  .8 · � 1 .  1 3  20 . 2** 

a i'Ieigl:.ts adjt:. �tcd to 200 days of· age by Ee thod I of Chapt er 2.  
b 

Degre e s  of fre edom for e stimates of variance . 

** P <  0 . 01 . 
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Further evaluat ion of the l east-squares est imat e d additive an d 

mult iplicat ive adj usi;ment fac t or s for sex "iTi th the 2.djustnent procedures 
er:;::ployed by the Hat i o:!.1al Be ef Rec ord ing Servic e ,  v:as based on c ompar is ons 

of the re duct ions in residual vnriances 1·d th in herd and year subc lasses 
after ac just -i ""g Keieh t� for asc r c..ce of dc:t.C:l 21d s e x  of c c: lf. 

Tab l e  5 . 1 5  pre sents the percentage reduct ions in residual variance 

for each bre e d ,  i21 r:hich 1·:eights have been ad just e d  for age of calf 

by Eethod I ,  for age of d am  ty fact ors employe d in the nat ional Beef 

Rec ord ing Service and by addit ive factors e s timat ed in this study ,  
and. fo r s e x  of calf b y  Eat ion a l  Beef Rec ording Servic e procedures and 

by e s t im a-t ed nd.dit ive and IGult i_p l ica t iv e  fa c tors . The c orresponding 

reduct ions ai'ter st and.a :rd. izinc ve ichts for a c;e by I•Ie thod III only; are 
given in Jqre n d ix  rv- , T2.blc IV. 1 . The resll lts in Tc.b l e  5 . 1 5  ind icate 
t:P..at m1.: l ti'.)licat ive adj-o_stment of 200-d.ay 1·�eight s out of l!lat ure dams 

f or :::ex of calf •m s less effic ient in reducing r e s idu.al v-ari<mce 

5 t o  6 percent . Addit ive c.c ju.st:r.ent of re c o rd s  by factors det srsined 

in t � i s  pre sent st ud�,' c or-.tribut ed to a 2 to 3 . 5  p erc ent grea.te:;:- reciuc t i o::l 

in res idu.al vc:r iE>..nc e  t l:.tm -!;ha t r esultin� froo addit ive adjustoent by the 

proc edures empl oyed in t.-:,.e Nat ional Be ef Rec o!'d ing Se:;:'Vic e .  Similar 

c onclus ions n2.y b e  d.ra'i'm from tt.c redu c t i on s  pres ented in Table IV .  1 
of .Appendix IV .  

Select ion ba sed on ;�eani...."lg r ecords 1ri thin herds require s ac curate 
adjustmen t s  for age at Keigh ing , age of dam. an d sex of c alf in c omb ina t i on , 

such that the am ount of unezrlai_:led variation Hithin ye ars i s  minimized . 
Despite the tendency of variance s  r:i thi....'1 sex groups t o  equil{brate under 
t1Ul tiplicative sex adj ustment p rocedures , "1-Then c ol!lbined with ad ju s tments 

for age and age of dam , a larger proportion of re sidua l variat ion "frithin 
herd-year subclasses renained unaccount ed for c onpared 'dth additive sex 

adjustment procedure s .  



TABLE 5..J..2.: Percentage reduc tions in error v·arian c o  o c r. C'rd i!!.LLJ:o Mcth�d of ad ;just�nt 
a 

.fsE:...§Q!_ __ Qf c q].f:.._ 
�-------.. ---.... --------- --- -·-

Source of dam NB]i' ____ ___ Additive 
c !1ult :i plic at ive - ----· .. .. ___ .. ___ -.. -·-·-·---·· ------

c 

Bre ed adjustment Error moan 
factors 

Reduc tion Error mean Heduc t i on Error mean Reduct ion 
square (%) r:-qy.arc (�1a) square (70) 

. .. .. .... .. . . -... -..... -.... ·-------·--·----·--.. -··�---

Hereford : No adjustment 1 680. 0 - 1 680 . 0  ·- 1 680 . 0  

NBRS
b 794 . 1 52. 7 724- . 3  56 . 9  827 . 0  5 0 . 8  

LS
C 

729 . 7  5 6 . 6  669 . 5  6 0 . 1 765 . 2  54 . 4  

BLUE� 730. 1 56 . 5  66<;) . J (;O. 1 763 . 7 54. 5 

BLUE�II 730 . 1  56 . 5  6 69 .  �� 60 . 1  763 . 8  54. 5 

Angus : No a djustmen t 1 1  50 . 4  - 1 1 L)0. 4- - 1 1 50. 4 

NBRS
b 

6 1 1 . o  46 . 9  582 . 5  49 . 4 641 . 1  44. 3 

LS
C 

5 63. 7  5 1  . o  539 . 7  53 . 1  593 . 0 48 . 4  

BLUE� 564 . 0  5 1 . 0  540. 0 5 3 . 1 593. 3 48 • 4  

BLUEd III 564 . 6 50. 9 540. 6 53 . 0 594 . 0  48 . 4 

a Weights adjusted t o  200 days o f  age by Method I of Chapter 2 .  Error variance is i·ri thin herd-year sub c la s s e s .  

b 
Adjustment fact ors presently employed in the Nat ional Beef Rec ordjng Service. 

c 
Adjustment fact ors estimated by lea ot s quare s .  

d Adjustment fac t ors estimat ed by best l inear unb iased e stim.J.t ion .  Subscripts indicat e priG>r adj 1ntment 

of vreight rec ords for age at l'l'ean ing by Nethods I and III of Chapter 2. 
I_() 0'1 
• 
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CHAPTER 6 

CONCLUDING DISCUSSION 

F o:· c: gi ven ec ono::.ically i::lpcrta.ut tra it in beef cat "� le , tl:e 

measured pe rf ormance of each animal is the result of its heredity and 

the t o tal environ:nent in which it is raised . Kn o1ring the import liilt 

environmental ; �fluences , and ad just ing rec ords of perfor�ance for th e s e  

effec ts , breeders may rank individual animals m ore accurat el y o n  the ir 

e �t imat ed additive gene t ic value f o r a spec i fi ed t rait . The p recedin g  

&�a lyses have involved the estimati on of t h e  effect s o f  age , a g e  o f  dam , 

tmd sex on the \'Tea.r�ing vieight s of He reford and Angu s calve s .  A.1_)pr opriate 

adjust:c:eni:: fac t ors for these effe c t s  were als o deter:rrined , and c ompe.red 

rrith those presently e::1ployed in th e  N�::.t ional Beef Record i.."1g Serv·i c e .  

Initia l  analyses ir...d icated that a ge , age-of-de.m , an d  sex i::nfllJ.ences 
c ontributed r:mrked ly to t h e  variat ion in 1·rean ing i•reight s .  Ex2.!:1i.'1at ion 

of the first-order interac tions among he rd ,  yea r ,  age-of-dam , and sex 
ef;:'ects fur'che :..� i..""l�icatec! th e.t on the bas is of their individual leve ls 

of s ignif:i.ca:-"ce , generaliz.:::. tion of the re sults v;-ou ld. be l im ited . On the 
other haJ."Jd , the proportion<J.te c cn tribution s  of ind ividual inte:ract io!l s  t o  
tot al var iat i on in 1-rea.ning rreights , :re lative t o  the c ont ribut i ons o f  the 

main environmenta.l effe c t s ,  v;ere n egl igib le in r;;o st cas es , although 
r esul ts did illustrate th e importanc e of the he rd x yea r int e ract ion in 
the Hereford data, and of the herd x year and herd x sex int e ract ions 

in the l�gus data. The existenc e  of an int eract i on between herd and 

year effec t s  s erved to 

wit hin herds and years . 

ind ica te that vre ight c omparis on s should be mad e 

Attention has been dra�� (Chapte r 5 ) t o  t he  

limited a.ppl ic ati on of a gene ralized sex adjustment fac t or t o  the w eaning 

weight s of Angus calves over the herd s  in thes e  dat a .  The level of 

management in beef enterprises primarily engaged in the sale of bulls , 

c ov. ld be expec ted t o  be such th at the fullest opp ortunity is afforded 

male calves so that they may express the ir superior grm·rth potentia l . 

The degree with 'I'Thich this management po licy was carri ed out before 

weaning in these data ,  ap peared t o  be more variable am ong .Angus her' d s  

than am ong Hereford h e rd s .  

Results o f  the evaluat ion of age-of-calf adju stment procedures , 

involving add it ive (Method II) and mul tiplicative (Heth od III) 
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appl ication of linear regression of weight on age , tdth the procedure 

employed L'1. the National Beef Rec ording Se rvic e  (He thod I) , were 

variab le . .Adjustment for age by ?1ethod I ltras relatively le ss effic ien t 

than adjus tment by He thoi s II and III in reducing the dependence of 

weight on ae;e in the d ata �h:died . Or,. the o tht= r nc.nd ,  HethoG.s I c.:-" c.  

III vrere more effic ien t than Hetho d  II L11 reduc ing the amount o f  

residual variation wit hL"l herd , year , age-of-da!!l , an d  s e x  subclasses ., 

In terms of the potent ial applicat ion to v:eaning vleight s recorded vnder 

t he Nat im1al Beef Rec ording Service , present results have indicated 

the suit ability of ad j us t ing for age of calf by multiplicative 

proc edures employL"l.g l iaear r egres si on of weight on age . If the 

su periority of Hethod III over Het hod I in reduc bg t h e  depend ence 

of r.'e i ght on age i s  treated Kit h s o::J e r e s erve , for reas ons outlined 
in Chapter 5 , it c oL ld be c onc luded that the pre sent adjustment 

pr oc edure in the Nat i onal Be ef Rec ordi�� Service nay , at leQ s t , be a s  

effic i en t a s  the rr,ul t i pl icative linear ad jusblent m ethod in ac c ounting 

f or the e ffe c t s  of age on 1-reignt at yeaning. 

C onsidere:t ion has been civen (Chapter 2 )  t o  th e biases inherent 
in the e st imat ion of age-cf-dan effect s on '·rea.n ir� \·:eights by least 
squares procedures , v1he: e select ion of d ams o n  pe :rforman c e  is oper2.t ing . 

Discu s s i on too , has out lined t h e  suitab il ity o f  be st linear unbiased 
estimat ion procedures to the estinat ion of age- of-dam L� fluences free -
fron any effe ct s due t o  sele c t i o n .  As R. H. Hi ll er et al . ( 1 966) have 

noted , even if dams were not selected on perform�ce , best linear 
unbiased e stimate s _ o� age effec t s  were m ore efficient th&� least square8 

estimated because they were based. on differences between cm·:s as well as 

lo.ri thin C OriS • 

The resul ts have indicated in general that adjustment fac t ors for 

age-of- dam effect s  est imated by lea st squares procedures ,  tended t o  

differ froQ tho se estimated by best linear unbiased estimat ion proc edures , 

and that the adjustment s derived by both proc edures differed from t h ose 

used in the Nationai i3eef Recording Service .  However, fol lowing the 

crit erion of comparis on of Lush and Shrode ( 1 950) ,  from Chapter 5 ,  
the d ifferences b etl\� en adjustments derived by least squares and by best 

linear unbiased e st imat ion tended to be rela tively unimportant,. implying 

either ineffective or non-exist ent se lection o f  dams on pe:rformance . On 
the same basis of c ompariso� age-of-dam adjustment factors determined in 
the present study generally did not differ markedly from tho se empl oyed 



in the Nat ional Beef' Rec ord ing Servic e ,  vTi th the excep t ion of fact ors 

applicable t o  Angus c alve s  out of 3-ycar-old da111 s. 

Exa.ninat ion of the va.ri a..."lc cs vrithin age-of -da::rr gro1-�ps , and of the 
::-educti c!ls in rc s id".lal varianc es Ki thin herd , year , and sex sub-

fc::.ctors i:1: these data , ratb er than nul tiplicat ive appl i ca tion . L"l 
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c cYJtra st , age-of -da.!ll adjudlJCn ts in tl:.e Hat ional Beef Recording Ser-vice 

e:::;-1oy :::!.'Ul tipl ic ativc: ap:plic c.t ion . T!:e rec onneDd.ation for add.i tiYe 
nd justme:2ts fro:::t the 11resent res-.:.1 ts i s  in agree:!'!.ent -v;i th the c onclusions 

of rc o s t  publish ed  reports (Prest on �nd l'iil lis , 1 970) . For reas on s out­

li::-,ed previ ously 1 ad ditive acij-u stm e1 i  fac t ors for age- of-dam e ffec t s  

d.etemined by bc!::t l inear u.nbiased e st ;r-; .e_t i on pro:edure s ,  v:o� ld be  the 
m cs t  e.ppro!_)ria t e  sets to app l:;r ac c orG.ing t o  bre ed . 

In c on sidering 1·;he �:.e1· acl rlit ive er mul t iplicative adju str:1ent 

factors for s ex vre!'"e �ll:_-ta'Jle 1 r:��e sen t  r·esu l t s  vari eG. . i-�l:.lt iplicati�.re 

in combi r..at :ion idt.h adjust-;nents for aGe and age o f  dan , mir1ini;:; es t h e  

c:.::: ou:1t of unex:plainea va:ri.E. t i on 1-;i thin he ms and years . On the bas i s  

o f th j_ s  c riterion , present results ind icated that 2.dditive sex 
ad just!:'ent factors v.rc�r c  more appropriate t han mult ipl icative f'nc t ors � 

Tni s c oncl-u sion d oe:3 not a &ree Hi th most of t he fUblished reports 
c onsidert:d. i.."l Chapt er 2 ,  vThere :nul tipl icativ e  fact ors have generally 

been prefe rxed on the basis of equalizat ion of means between sex groups , 

and of variances wi thin sex groups ( e . g. , Koch et al . ,  1 959 ; Brinks 

et al . ,  1 96 1 ; Cu."ldiff et al. , 1 966b ) .  Schaeffer and 1'/ilton ( 1 974b ) 

hOI·Te ve r ,  c oncluded that the prew-eaning average daily g ain rec or·:l s of 

Angus and Hereford calves sh ou ld be additively ad justed for sex of cal f ,  

simultane ou sly vrith additive ad j ustments for age of dan and , i f  nec e ssary , 

for prevreaning management (creep- versus n on-creep feeding) . 

In the present study, the estimated add i t ive adjustment s for sex 
tended t o reduce the am ou.'Ylt of vli;thin herd-year re s idual variance t o  a 

slightly greater extent , than the ad ditiv e procedures empl oye d in the 

Nat ional Beef Rec ording Service . This Hou ld ind ic at e the need to 
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reappraise the current sex ad ju stment proc edures , at leas t f or the 

1.;eaning vreight s of Hereford calves , if a generalized adjustment for 

s ex is des ired . The existenc e of an import �� t  herd x sex int e ract ion 

in the weanir1g we ights of Angu s calves in these data limit s the 

th erefore ,  the additive adj ustnen t proc edure for sex currently 

emplo}�d in the Nat i onal Beef Rec ording Service may be c onc luaed t o  

be ade quat e for Angus calves . 

Baker et  a1. ( 1 974 ) pr ovided the first s e t  of estinat ed adjus tments 

for age and age of dBJJ. , appl icable t o  the v:eaning and postr;eaning 

record s of beef c at tle L'l Net•T Zealand . The s e  authors c onc luded t.r .. a t  
the pre sent adjustment procedu�es in the I;�t ional Beef Rec ord ing Service 

"arran ted ' 1  • • •  fu.rthe r st-u.dy and perhaps some reappraisal . " .  

1:ii th data on :!Ieref ord and. A:ngas co.lves dra1m from a r�"lge of h e rd s  

an d  environnen t s  in r�ew Zealand. , t h e  present study has endeavoured to 

fulfil thi s requireJ.:lent i n  rela t :!. on t o  Heaning 1veigb.ts , asses sing the 
validity of present n.d j ustr::e nt pro ced.ur E: s  and d e t erm in ing the relut ive 

rc erit s of ad. !1 :i_ tive cr..d !:lult iplic.::< t ive applicBtions o: such ad just!r.ent s .  

Consicerat ion cf the suitabilit y o� pre s ent adjustnent p rocedur e s  L� 
re lation t o  posh1eanir.;.g 1·:ei€7lts is also ackn mdedged t o  be ne c e s sary. 

Such en inves ti gc::_t i cn is curren tly in progre s s  for 1 8-month Keight s of 

Hereford and Angus c a� t l e  rec orded in this thesi s .  
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APPENDIX I 

TABLE I. 1 :  Standard deviat i on s  (SD). coefficients of variation 

(CV) and expect ed st��dard deviations of we��ing 
wei g-hts after ad .iustnent for age of dam by least-

Breed 

Heref ord : 

Age of 
dam 

(years) 

2 

3 

4 
5 

6-9 

1 0;-
!•!ean a d j us t e d  SD 
Range 

SD 

Angus : 2 

3 

4 
5 

6-9 

1 0-t-
Mean adjusted SD 
Range 

SD 

327 

1 232 

1 085 

839 

2253 

584 

366 

2455 

21 78 

1 804 

5262 

1 908 

sc:: ua :re s  derivceC. fG.ct orsa 

SD CV (kg) 

26 . 5  1 4 . 5  

24. 8  1 2. 5 

24. 1  1 1  • 7 
23. 8 1 1 . 2 

23 .7  1 1  . o  

23. 4  1 o .  9 

22 . 4  1 1  • 9 

1 9 . 5 9 . 9  

20 . 3  9 . 9  

2 1  • j 1 0 . 2  

2 1  . 5  1 o .  2 

23 .4 1 1  • 1 

Additive 

Factor 
(kg) 
33. 3 

1 7 . 6  

8 . 7  

3 . 8  

o . o  

2. 2 

22 . 7  

1 5 . 2  

7 . 9  

5 .4 

o. o 

1 . 4 

Adj usted 
SD 

(kg) 
26 . 5?:· 

24. 8* 

24. 1  * 

23.8* 

23. 7* 

23.4* 

24.4 
3 . 1 

1 • 1 

22.4** 

1 9 . 5-):- -):-
20. 3** 

21 . 1 ** 

21 . 5** 

23.4** 

2 1 .4 

3. 9  

1 .4 

Hultiplicative 
Adjusted 

Factor SD 
(kg) 

1 . 1 8  31 . 3** 

1 .09 27. 0** 

1 . 04 25 . 2** 

1 . 02 24 . 2** 

1 . 00 23 .7** 

1 .  01 23. 6�·-lE· 
25 . 8  

7 . 7 

3 .0  

1 . 1 2  25 . 1  H · 

1 . 08 2 1 . 0H-

1 . 04 21 . 1 ** 

1 . 03 2 1 . 7** 

1 .00 2 1  o 5Hc 

1 .  01 23 . 6** 

22 . 3  

. 4 . 1  

1 . 6 

a 
\'leights adjuste d  to 200 days by age of Method II of Chapter 2 .  

b 
Degrees of freedom for e st imates of variance.  

* 
0 . 05 )  p )  0 . 01 

** 
p < 0.01 
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TABLE It2 : Standard deviations {sn}� coeffic i ent s of variat ion 

{cv) and exr:ected stc:mdard devie..ti on s  of vreaning 
we khts after ad.iust!!:.ent for 2-ge of den by least-

s q uare s derived fac tors a 

Age of i..C.C:.itive l:u l t :Ltl �cc. -:i V G  
Breed dam d ""' b SD CV Adjus ted Adjusted 

(yeaxs ) 
• J. • (kg) Factor SD Fact or SD 

(kg) (k£) (kg) 

Hereford : 2 327 24 . 3  1 3 . 4  33 . 3  24 . 3 1 . 1 8  28 . 8** 

3 1 232 22 . 9  1 1 . 6 1 7. 6 22 .9 I . 09 25 . 0** 

4 1 085 22 . 8  1 1  . o 8. 7 2 2 . 8  1 . 04 23. 8*-l(-

5 839 22 . 0  1 0 . 4 3 . 8  22 . 0  1 . 02 22 .4** 

6-9 2253 22 . 1  1 0 . 2  o . o  22 . 1  1 . 00 22 . 1 ** 

1 0+  584 23. 1  1 0 . 8  2. 2 23 . 1  1 . 01 23 . 3** 

Mea."l adjusted· SD 22 . 9  24 . 2  

Ra.l2ge 2 . 3 6 . 7 

SD 0.8 2 . 5 

Angus : 2 366 23. 9 1 2. 7 22. 7 23. 9** 1 . 1 2  26. 8** 

3 2455 1 8 . 5  9 .4 1 5 . 2  1 8 . 5** 1 . 08 1 9 . 9** 

4 21 78 i 9. 3 9 . 5  7 . 9  1 9 . 3** 1 . 04 20 . 1  ** 
5 1 804 1 9 . 8  9 . 6 5 . 4 1 9 .8** 1 . 03 . 20 . 3** 

6-9 5262 20. 1 9 . 5  o . o  20 . 1 ** 1 . 00 20. 1 ** 

1 0+  1 908 2 1 . 5  1 o .  2 1 . 4 21 . 5** 1 .  01 2 1 . 7** 

Hean adjust ed SD 20 . 5  2 1 . 5  

Range 5 . 4  6 . 9  

SD 1 .  9 2 . 7 

a 
Weights adjusted to 200 days of age by Y.1etho d  III of ChaJ>t er 2 .  

b 
Degrees of freedom for estimates of variance .  

** 
P <  0 . 01 . 



TABLE II . 1 : 

APPEimiX II 

Percentage reduct i ons in error variance 
acc ording t o  ffiethod of adjustment for 

age of dam 
a 
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Sou....'t'C e of Additive I·:ul tiplicati ve 

Breed adjustment Error mean Reduction Error mean Reduct i on 
factors square (%) square (%) 

Hereford : 
:No ·adjusment 1 459 . 5 1 459 . 5  

NBF..Sb 
91 8 . 9 37. 0  987. 9  32 . 3 

LSc 
91 3 . 4  3 7 . 4  985 . 5 32 . 5  

d 
BLUE 

I 9 1 6 . 8  37 . 2  982 . 8 32. 7  

BLUEir 9 1 4. 9 37. 3 992 . 2  32 . 0 

BLUE�II 91 6 . 4 37 . 2 983 . 8  32 . 6 

Angus : 
No adjustment 998 . 0  998 . 0  

NBRSb 708. 2 29 . 0 747 . 4  25 . 1  

L� 698 . 0  30. 1 738 . 4  26. 0 

BLUE
d 
I 700 . 4  30 . 0  73 2. 6 26 . 6  

d BLUE11 699 . 1  30 . 0  736 . 3  26 . 2  

BLUE�I I  699 . 9  29 . 9  736 . 4  26. 2  

a 
Weights adjus ted to 200 days of age by Method II of Chapt er 2 .  

Error variance i s  within herd-year-sex subclasses. 

b 
Adjustment factors employed in the Nat iona l  Beef Recording Service .  

c 

d 

Adjustment fact ors estimated by least squares.  

Adjustment fac tors est imat ed by best l ine ar tinbiased estimation . 

Subscripts indicate prior adjustment of weight rec ords for age 

at weaning by Methods I ,  II and III of Chapter 2. 
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TABLE IL 2 :  Percentage reduct ions in error variance 

acc ord ing 

SoUl"ce of 

t o  method of 
age � d 

a 
or am 

Additive 

adjustnen t for 

Breed adjust!nent 
Error mean Reduc tion 

I·�ul t iJ2licat ive 

Error mea."l Reducti on 
fact ors (%) (%) square square 

Hereford : 
No a djustment 

'\.. NBRSU 
LSc 

n 
BLUE-

I 

BLUE
d 

· II 

BLUE�TI .L 

1 459 . 5  

769 . 6  

762 .9  

764 . 1  

763 . 3  

763 . 9  

1 459 . 5  

47 .3  825 . 3  43 . 4 

47. 7  822. 0  43 . 7  

47 . 6  81 9 . 4 43 . 9 

47 . 7  828.4  43 . 2  

47 . 7  820.3  43. 8 

Angus : 

a 

b 

c 

d 

Ko adjus tment 998.0 998 .0  

NBRS 
b 61 5 .4  38 . 3  650 . 7  34 . 8 

T cP .:..su 604 . 5  39 . 4  64 1 . 1  35 . 8 

BLUE
d 
I 

605 . 9  39 . 3 635 . 6  36 . 3  

BT TTH'd l.JU.!:!. 
II 

604. 9  39 .4 639 . 0  36 . 0 

BLUE�II 605 .4 39 . 3 639. 1 36 . 0  

Weight s  adjusted to 200 days of age by f'Iethcd. III of Chapter 2 �  

Error variance i s  w ithin herd-year-sex subclasses . 

Adjustment fact ors employed in the National Beef Re cording Servi c e .  

Adjustment factors estimated by least square s .  

Adjustment fac t or s  estimated b y  best linear ·unbiased est ima tion. 

Subscripts indicate prior adj us tment of ;.Te ight records for age 

at weaning by 1-�ethods I ,  II and I I I  of Chapter 2 .  
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APPEND IX III 

Standard dev; a t i on s  (SD), c oeffici ents of variat ion 

(CV) and expe c t ed s tandard devi� t ions of \<leaning 

weight s after adju stment for s eY. of c a lf by least­
souare s Qeri ved fact ors8 

1 05 .  

Add itive r:u 1 ti}2l ica ti ve 

Breed Sex 
b 

CV Factor 
Adjusted Adjusted 

d.f.  SD SD Fac t or SD (kg) (kg) (Ir..g) (kg) 

Hereford : 
Nale 31 83 26 . 3 1 2. 0  o . o  26 . 3** 1 . 00 26 . 3* 

Fem.ale 31 37 21 . 7 1 1 . 5 29. 8  2 1 . 7** 1 .  1 6  2 5 .  2i<· 

Angus :  
Nale 7860 23 . 0  i 0 . 7  o . o  23. 0** 1 . 00 2 3 . 0** 

Fenale 6i  1 3  1 8  .. 7 9 . 9  25 . 6  1 8 . 7** 1 . 1 3  2 1 . 3** 

a Weights adjusted to 200 days of age by Hethod II of Chapter 2 .  

b 
Degree s of freed om for estimates of variance . 

* 0. 05 >  P >  0 . 01 

** P <  0 . 01 
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T.A.BLE III . 2 ; Standard deyiati on s (SD), c oeffic ients of v�riat ion 
(CV) and e ne c t ed s tand ard devia t i ons of .,·eani..l'lg 
weights aft er adjus tment for s ex o? calf by least-

square s derived fac t orsa 

.Ad di tive · �:iul tinl icc:. t ive 

b 
Acljus ted Ad justed 

Breed Sex d . f .  SD CV Fac tor SD Fac tor SD 

(kg) (kg) (kg) (kg) 

E:ereford : 

�!ale 3 1 83 24. 5 1 1  . 1  o.o  24 . 5** 1 e OO  24e 5 

Female 3 1 37 20. 5 1 o.s  29 . 8  20 . 5** 1 • 1 6  23 . 7 

.Angu.s : 
r�1ale 7860 21 . 5 9.9  o.o 21 . 5** 1 . 00 2 1 . 5 ** 

Female 6 1 1 3  1 7,. 9  9 .4 2 5  .. 6 1 '7  Q** I • J 1 . 1 3  20. 3*'* 

vleights a d j usted t o  200 dc.ys of age by Nethod III of Chapter 2 .  

b Degrees of freedom for e sti�at e s  of variance . 
* *  

P <. O. O"i 



TAB"LE IV. 1 :  Percentage redu ct ionQ in __ er!.'.!Z! vnri::mce  nccorn infi_j;_o_ m_et_l}o_d'""_Qf ad,iustment 
a 

for sex of c al·f_ 

Source of dam NBRSb Ad ditive c I>1ul t iplic at ive0 

Breed 
adjustment Error mean Reduc tion Error mean Reduct ion Error mean Reduc tion 
fact ors square (�) square (%) square (%) 

-·---- .. ______ 

Hereford : No adjustment 1 680. 0  - 1 6FJO. 0 .. 1 680. 0  

1ffiRS
b 

797 . 0 52. 6  727 . 0  56 . 7  827 . 6  50. 7  

LS0 732 . 6  56 .4  67 1 . 9 60 . 0  765 . 5 54 . 4  

BLUE� 733 . 6  56 . 3  672 . 6  60. 0 764. 8  54. 5  

d BLUEIII 733 . 5  56. 3  672 .4  60 . 0  764 .7  54 . 5  

Angus : No adjustment 1 1  50. 4 - 1 1  50 .4  - 1 1 50 .4  

rrnasb 6 1 0. 7 46 .9 580 . 4  49 . 5 637. 4 44 . 6  

LSc 564 .7  50. 9  538 . 3  53 . 2  590. 2  48 . 7  

BLUE� 565 . 7  50 . 8  539 . 3  53 . 1  591 . 3  48 .. 6 

d BLUEIII 
565 . 3  50 . 9  538 .9  53 . 1  590. 9  48 . 6 

a 1'/eight s  adjusted to 200 days o f age by Hcthod III of Chapter 2 .  Error varinnc e i s  1d thin herd-year 

subc lasse s .  

b 
Adjustment factors present ly employed in th e Natj onal Beef RecoJ:VJ ing Servic e .  

0 
Adjustment factors e s timat ed by least squares .  

d Adjustment facto rs e stimat ed b y  best line ar unbias<:)cl e stimat ion. Sub sc ripts ind icate prior ad ,i u stment 
of weight rec ords for age at weD.Iling by �1e thods I and I I I  of Chapt e r  2 .  

� F;i l::;l >4 
� 

0 --1 • 
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