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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-
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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 


