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ABSTRACT

Genetic and environmental parameters for calf growth traits were
determined f'rom data collected over a 5-year period at the Whatawhata
Hill Country Research Station, Hamilton, using least squares mixed
model procedwres. From a total of 497 female and 460 male calves sired
by 29 Friesian bulls and from Friesian, Friesian-Jersey, Angus and
Friesian-Angus dams, paternal half-sib heri:ability estimates were close
to zero for both sexes of calf. Higher heritabilities were calculated
by the same method using records from 179 female and 161 male straightored
Angus calves, the progeny of 17 bulls, and giving females first and males
second were: birth weight, -0.14 and 0.44; pre-weaning growth rate, 0.1Y
and 0.29; and weaning weight, 0.25 and 0.40. Because of large standurd

errors, the differences between calf sexes were not conclusive.

Genetic correlations between birth weight and pre-~weaning growth ratc
and birth weight and weaning weight calculated for the Angus malcs were
1.06 and 1.97, respectively, and the genetic correlations between pirc—weanin,
growth rate and weaning weight calculated tfor all individuals except the
friesian-sived female calves ranged from 0.88 to 1.06. Other gcnetic
correlations were not obtained because negative sire components of variun

precluded tneir estimation.

The ranges of the phenotypic correlations were: birth weight and
pre-weaning growth rate, 0.07 to 0.43; birth weight and weaning weight;

0.25 to 0.61, and pre-weaning growth rate and weaning weight, 0.89 to 0.Yis.

An investigation of cow - calf weight relationships using %40 Ay us are
404 Friesian cow —ealf pairs showed that heavier Friesian cows gave birth
to significantly heavier calves, such that every 10 kg increase in cow
liveweight was associated with an approximate 0.40 kg increase in calr

birth weight.

Regressions of weaning weight on dam liveweights showed that lleavier
Angus cows weaned significantly heavier male calves by approximately 0.45H k¢
per 10 kg increase in cow weight. The other associations for the remainin,,

animals were considerably smaller and non-significant.

The findings of this study suggest that where Friesian sires are used,
genetic improvement in calf growth characters would be slow and leas
effective than in Angus cattle. The genetic parameters for the Angus
breed compere favourably with the majority of published estimates while
comparable findings for dairy breeds and dairy x beef crossbreds are few

in number.



ACKNOW LEDGEMENTS

The auvi .r wishes to express his deep appreciation and sincere thanks
e his

uper. tor, Professor A.L. Rae, for guidance which has concributed

S
itmmensely ir all aspects of this study.

Acknow_c¢ .gement and appreciation are extended to Mr R.A. Baricn tor
ais interest and encouragement throughout tais work, and his cons_icrabie

help with vsrious aspects of its presentation.

Grati suce is also due to Mr G.K. Hight, Birector, Whatawhata HHill
ountry Research Station, Hamilton, who kindly made the data availiatls to

the author and to the technical statf who collected ~<he records.

Thanks are dues-to Mr A.B. Pleasants for help with computor

vrogramming ~ 21 to my colleagues who have contributed in many ways.

Mr C.L. Read of the Computor Unit was most helptul, and thanks arve

2xtended to him as well as to other members of the Unit and membeis oi
the Computor Science Department who helped in variows ways.
Sincere thanks are due to Mrs D.M. Brozden, Mrs A.F., Barton,
frs J. Parry, and Mrs R. McCee who skillfully typed the man -criit.
Financia” support towards the cost of computor wnrocessing we
yrrovide . by ine Combined Beef Breeders' Reszarch Com:itltee (lnc.) Wil g
rratefv.ly acknowledged.
The author is grateful for the John Alexander Hurley scholarsnip

received duri»ng the course of this study.

Finally, the author wishes to express his utmost appreciatio: and

thanks to his family and friends, whose help has beeun invaluable.



TABLE OF CONTENTS

Chapter
ABSTRACT
ACKNOWLEDGEMENTS
LIZ OF TABLES
ONE INTRODUCTION
TWO RE:. _sW OF LITERATURE
s, The Application of Genetic Principles
II. Birth Weight, Pre-weaning Growth Rat: and
Weaning Weight as Productive Traits of Cattle
ITI. Some Genetic Factors aftecting Birth Weight,
Pre-weaning Growth Rate and Weaning Weight
Iv Estimates of the Heritabilities of and Genetic
and Phenotypic Correlation: among Birth
Weight, Pre-weaning rowth Hate and Weaning
Weight
Vi, kelationsh.ps between Cow and Calf L.oveweights

THREL SCURCE OF DATA AND METHODS CF ANALYSIS

i Source of Data
iI. Methods of Analysis
A. Hstimation of genetic¢, cnvironmeqtal and
phenotypic parametices
(+) Solution to th.» leust squar:s equations
(2) Estimation of .ean squares, variance and
cevariance ~omponents ani genetic,
environmental and phenot; pic paramete.:.;
(3) PFitting models to data
B. An intra-class regression model for cow - cal’
weight relationships
"OUR RESULTS AND DISCUSSION
I. Preliminary Analyses oi Variance

A. Angus female calves from 2- to 10-year-old dams
B. Angus male calves frowm 2- to 10-year-old damsg
C. Angus calves from 3- to 10-year-old dams

D. Friesian-sired female calves from 3~ to

9-year-old dams



Chapter
FOUR

FIVE

Page
E. Friesian-sired male calves from 3%- to
9-year-old dams 68
II. Partitioning the Variance 68
A. Birth weight 69
B. Pre-weaning growth rate 69
C. Weaning weight 73
ITI. Heritabilities 74
A, Birth weight T4
B. Pre-weaning growth rate 78
C. Weaning weight 79
IV. Genatic, Environmental and Phenotypic Correlations 79
A, Birth weight and pre-weaning growth rate 81
B. Birth weight and weaning weight 81
C. Pre-weaning growth rate and weaning weight 82
V. Cow - Calf Weight Relationships 2
A. The regression of birth weight on dam
post-calving liveweight 8
B. The regressions of weaning weight on dam
post-calving liveweight and weaning weight
on dam liveweight at weaning 85
CONCLUDING DISCUSSION 88
APPENDIX I 91
APPENDIX II 95
APPENDIX III 112
BIBLIOGRAPHY 115



2.2

e
.
un

2,6

2.7

2-9

LIST OF TABLES

wzr2~ic components of relationships between relatives

for 3 maternally influenced truit. (Additive and

dominance deviations. Adapted from Willham, 196%)

Cow and calf performance in reciprocal cross-breeding
stuaies with Friesian and Angus cattle at the
Whatawhata Hill Country Research Station

(from Hight et al., 1973)

Some cow and calf performance characters in New Zealand

breed evaluation trials (adapted from Carter et al.,1975)

Some cow and calf performance -1aracters in breed
evaluation trials at the United States Meat Animal

Research Center (adapted from Smith et al., 1976)

Some published estimates of the heritabilit:; of birth

weight in cattle

Some published estimates of the heritability of

pre-weaning growth rate in cattle

Some published estimates of the heritability of

weaning weight in cattle

Some published estimates of genetic and phenotypic
correlations among birth weignt, pre-weaning growth

rate and weaning weight

Published estimates of the correlation between dam

liveweight and calf birth weight

Published estimates of the correlation between dam

liveweight and calf weaning weight

vi

16

27

28

29

30

32

33



Table

2. 181

2.12

3.2

3.3

3.4

3.5

4.1

4.2

Published estimates of the regression of calf birth

weight on dam liveweight

Published estimates of the regression of calf weaning

weight on dam liveweight

Periods over which cows were assigned to mating

groups and weaning dates

Identification numbers of sires and the number of

offspring weaned per sire

Numbers of calves classified according to sire breed,

dam breed, calf sex, age of dam and calf record

Means and standard deviations (S D) for the traits and
covariates in the populations from which estimates of
genetic, environmental and phenotypic parameters were

obtained

Means and standard deviations (S D) of cow liveweights
recorded post calving and at calf weaning time (kg)

according to cow breed and sex of calf

Expectutions of sire within year and error variance and
covariance components in terms of genetic and

environmental variances and covariances

Analyses of variance for factors affecting birth weight

(kg) in Angus female calves from 2- to 10-year-o0ld dams

Analyses of variance for factors affecting pre-weaning
growth rate (kghay)and weaning weight (kg) in Angus female

calves from 2- to 10-year-old dams

vii

Page

36

38

40

42

43

44

45

52

58

59



Table

4,12

4‘13

_—

I.2

IT.1

ix

Page
Estimates of sire-within-year (Hg_y) and residual (3%)
variance components and sampling errors (SE) of the -
estimates 75
Estimates of heritability (1) and standard errors (SE)
of the estimates obtained within sex of calf, within
sire breed and within the 2-year and %- to 10-year
age-of -dam categories 76
Pooled estimates of heritability (h2) and standard
errors (SE) of the estimates 77
Estimates of genetic (G), environmental (E) and
nhenotypic (P) correlations and standard errors for
the genetic correlations 80
Results from the regression uf birth weight on dam
post-calving liveweight 83
Regressions of calf weaning wc.ght on dam post—calving
liveweight and on dam liveweight at weaning 86
Analyses of variance to test the significance of the
effect of post-calving nutritional treatments on
prse-weaning growth rate (kg/day) in years 1972 and 1973 91
Analyses of variance to test the significance of the
effect of post-calving nutritional treatments on
weaning weight (kg) in years ‘972 and 1973 92
Angus female calves of 3- to t0O-year-old dams - Analysis
of -rariance for factors affec*ing birth weight (kg) 94

Angus female calves of %~ to 10~year-old dams - Analysis
of variance for factors affecting pre-weaning growth

rate (kg/day) 95




&ble Page
Rl o3 Angvs female calves of 3- to 10-year-old dams - Analysis

of variance for factors affecting weaning weight (kg) 96
LT Ango, male calves of %~ to 10-year-old dams - Analysis

of wariance for factors affecting birth weight (kg) 97
%5 Angus male calves of 3- to 10-year-old dams - Analysis

¢f variance for factors affecting pre-weaning growth

rate (kg/day) 98
II.6 Angus male calves of % to 10-year-old dams - Analysis

of variance for factors affecting weaning weight (kg) 99
ILIC SN Friesian-sired female calves of 2-year-old dams -

Analvsis of variance for factors affecting »irth weight (kg) 100

1.8 Friesian-sired female calves o. 2-year-old ia:: -
Analysis of variance for facto.s affecting ore-weaning

growth rate (kg/day) e

7I.9 Friesian-sired female calves of 2-year-old dams -
Analysis of variance for factors affecting weaning

weight (kg) 102

11,10 Friesian-sired male calves of 2-year-old dams -

Analysis of variance for factors affecting birth weight (k@ 103

IT.11 Friesian-sired male calves of 2-year-old dams -
hna.ysis of variance for factors affecting pre-weaning
growth rate (kg/day) 104

IT .12 Friesian-sired male calves of 2-year-old dams -
Analiysis of varience for factors affecting weaning
weigat (kg) 105



sable

L B " =
1 Wi

._.4:1?—

'_..l
[
L]

o,
Ul

I.16

(ulE Sk

I1.18

IIT

III.2

II1.3

"ricsian-sired female calves of 3- to 10-year-old dams -

Analysis o. variance for factors affecting birth weight (kg)

Prie.. en-sired female calves of 3- to 10-year-old dams -
Anzlysis of variance for factors afrecting pre-weaning

growth rate (kg/day)

Friesian-sired female calves of 3- to 10-year-old dams -
Analysis of variance for factors affecting weaning

weight (kg)

Friesian-sired male calves of 3- to 10-year-old dams -

Anaiysis of variance for factors affecting birth weight (ké

Friesian-sired male calves of 3~ to 10-year-old dams -
Aralysis of variance for factors affecting pre-weaning

growth rate (kg/day)

Friesian-sired male calves of 3- to 10-year-0ld dams -
Apalysis of variance for factors aftecting weaning

weight (kg)

Least squares means for birth weight (ker) cccording to

sire breed, dam breed, calf sex and age of dam

least sguares means for pre-weaning growth rate (kg/day)
according *c sire breed, dam breed, calf sex and age

of dam

Least squares means for weaning weight (kg) according

tc sive breed, dam breed, calf sex and age of dam

106

107

108

109

110

111

i

13

114





