Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



A STUDY OF SOME FACTORS AFFECTING REPRODUCTION

IN ONE- AND TWO-YEAR-OLD EWES

A thesis presented in partial fulfilment of the
requirements for the degree of Doctor of
Philosophy in Animal Science at

Massey University

WILLIAM HENRY McMILLAN

1981



ii

ABSTRACT

Experiment I

Reproductive performance was investigated in 176 one-year-old
Romney and Border Leicester x Romney (Fl) ewes following joinings with
entire or vasectomized rams in 1977. Two-year-old performance of these
ewes was investigated in 1978. First service conception rate was 74.6%
in 1977 and the regression on liveweight gain over joining was negative
(P < 0.01). Overall, 81.4% of marked ewe lambs conceived with 80.3%
of the lambs born surviving to weaning. Delaying weaning from 8 to 11
weeks of age resulted in small improvements in lamb growth but penalized
ewe growth. Suckled ewe lambs were lighter at the two-year-o0ld mating
but weaned more lambs per ewe joined due to a large improvement in lamb
survival. Fleece production was temporarily reduced. Commercial

applications of early joining are discussed.

Experiment II

One hundred and nine 7 - 8 month o0ld Romney ewe lambs and 108

adult Romney ewes were included in an ova transfer study to investigate
age of ewe effects on ovum viability. Each of 48 ewe lambs received two
8 - 16 ceil ova, one from a ewe lamb (homologous transfers) and one from
an adult ewe. The source of ova were identifiable by birth coat colour
markings of the lambs born. Ovum recovery and fertilization rates were
high and similar in both ages of ewe. However, only 25% of ewe lamb ova
were represented by lambs at term compared to 52.1% of adult ewe ova

(P < 0.01). Possible causes of this difference are discussed.



iii

ACKNOWLEDGEMENTS

I gratefully acknowledgé the assistance of my supervisor
Dr M.F. McDonald and other members of the Sheep Husbandry‘Department,
Massey University. In particular, Stuart McCutcheon with whom I
had many rewarding discussions. The University Grants Committee is

acknowledged for its financial assistance.



iv

PREFACE

The investigation was conducted at 'Ripley Rise', a leasehold
property of Massey University located west of the University's No. 4
Dairy Unit, and the Fertility Centre, part of the Department of Sheep
Husbandry, Massey University. The experimental work was carried out
from April 1977 to November 1978 and represents original research by
the author under the supervision of Dr M.F. McDonald, Reader, Sheep

Husbandry Department, Massey University.



LIST OF TABLES

Following

TABLE Page
4-1 Number of ewes in liveweight analyses by breed,

birth rank and flock 51
4-2 Number of ewes in liveweight analyses by breed and class 52
4-3 Effect of breed, birth rank and flock on the incidence

of ewe lamb oestrus 61
4-4 Effect of breed and birth rank on the incidence of ewe

lamb multiple ovulation 62

4-5 Effect of breed, birth rank and April 29 - May 27 live-
weight gain on conception to first service and all services,

per ewe marked 62
4-6 Effect of breed, birth rank and April 29 liveweight on

conception to first service and all services, per ewe lamb

joined 63
4-7 Efficiency of three methods of pregnancy diagnosis 64
4-8 Effect of breed, birth rank and flock on one-year-old

ewe fleece weight 66
4-9 Effect of breed and class on_one—year-old ewe fleece

weight 66

4-10 Effect of brged and birth rank on lambs weaned per ewe
lamb marked and per ewe lamb joined 66
4-11 Effect of breed, birth rank of dam and sex of lamb on
gestation length 67
4-12 Effect of breed and sex on day of birth 67

4-13 Effect of breed of dam and sex on birth weight 68



TABLE

4-14

4-15

4-16

4-17

4-18

Effect of breed of dam and sex on pre-weaning
liveweight

Effect of breed of dam, sex and birth day on preweaning
liveweight

Effect of breed of dam and sex on pre-weaning daily gain

(birth - November 30)

vi

Following

Page

68

68

69

Effect of breed, weaning group and sex on lamb post-weaning

liveweight (Mean * S.E.)

Effect of breed, weaning group, sex and birth day on

post-weaning lamb liveweight (ANOVA)

4-19

Effect of breed, weaning group and sex on lamb post-

weaning daily liveweight gain (Mean * S.E.)

4-20

4-21

Effect of breed, weaning group and sex on lamb post-wean-
ing daily liveweight gain (ANOVA)

Effect of breed, weaning group and sex on November 30 -

February 13 daily gain

4-22

4-23

4-24

4-25

4-26

4-27

4-28

Effect of breed and sex on lamb survival to weaning

Effect of breed, birth rank, flock and class on onset
of two-year-old ewe breeding season (Mean * S.E.)

Effect of breed, birth rank "and flock on onset of two-
year old ewe breeding season (ANOVA)

Effect of breed, birth rank and class on onset of two-
year-o0ld ewe breeding season (ANOVA)

Effect of breed, birth rank, flock and class on oestrous
cycle length (Mean % S.E.)

Effect of breed, birth rank, flock and class on oestrous
cycle length (ANOVA)

Effect of breed, flock and clsss on incidence of mul-

tiple ovulation (Means)

69

69

71

71

71

72

3

73

73

73

73

74



vii

Following
TABLE Page
4-29 Effect of breed, flock, class and March 15 liveweight
on incidence of multiple ovulation (ANOVA) 74
4-30 Effect of breed, flock and class on first service
conception (single and multiple ovulating ewes) (Means) 75

4-31 Effect of breed, flock and class on first service and all

services conception (all ewes) (Means) 76
4-32 Effect of breed, flock and class on incidence of partial

and total survival of multiple ovulation (Means) 77
4-33 Effect of breed, flock, class and March 15 liveweight on

incidence of partial survival of multiple ovulation (ANOVA) 77
4-34 Effect of breed, flock, class and March 15 liveweight on

incidence of total survival of multiple ovulation (ANOVA) 77
4-35 Effect of breed, flock and class on incidence of ovum

survival (all corpora lutea) (Means) 78
4-36 Effect of breed, flock, class and March 15 liveweight

on incidence of ovum survival (all corpora lutea) (ANOVA) 78
4-37 Effect of breed, flock and class on incidence of twin-

ning in lambing ewes (Means) 78
4-38 Effect of breed, flock, class and March 15 liveweight

on incidence of twinning in lambing ewes (first service)

(ANOVA) 78
4-39 Effect of breed, flock, class and March 15 liveweight"

on incidence of twinning in lambing ewes (all services)

(ANOVA) 78
4-40 Effect of breed, flock and class on incidence of single

births in joined ewes (Means) 79
4-41 Effect of breed, flock, class and March 15 liveweight on

incidence of single births in joined ewes (first service)

(ANOVA) 79



viii

Following

TABLE Page
4-42 Effect of breed, flock, class and March 15 liveweight

on incidence of single births in joined ewes (all services)

(ANOVA) 79
4-43 Effect of breed, flock and class on proportion of joined

ewes twinning (Means) 80
4-44 Effect of breed, flock, class and March 15 liveweight

on incidence of twinning in joined ewes (first service)

(ANOVA) 80
4-45 Effect of breed, flock and class on incidence of lambing

ewes weaning zero, one or two lambs (all services) (Means) 81
4-46 Effect of breed and class on incidence of lambing ewes

weaning no lambs (all services) (ANOVA) 81
4-47 Effect of breed, flock, class and March 15 liveweight on

incidence of lambing ewes weaning one lamb (all services)

(ANOVA) 81
4-48 Effect of breed, flock and class on incidence of joined

ewes weaning zero, one or two lambs (all services) (Means) 82
4-49 Effect of breed, flock, class and March 15 liveweight

on incidence of joined ewes weaning no lambs (all services)

(ANOVA) ’ 82
4-50 Effect of breed, flock, class and March 15 liveweight on

incidence of joined ewes weaning one lamb (all services)

(ANOVA) 82
4-51 Effect of breed, birth rank and flock on fleece weight

(February, November and Cumulative) (Mean * S.E.) 83
4-52 Effect of breed, birth rank and flock on fleece weight

(February, November and Cumulative) (ANOVA) 83

4-53 Effect of breed and class on two-year-old ewe February

fleece weight 83



TABLE

4-54 Effect of breed and class on two-year-old ewe November

fleece weight

4-55 Effect of breed and class on two-year-old ewe Cumulative

fleece weight

4-56 Effect of breed, flock, sex, birth rank and class on

birth weight (Mean * S.E.)

4-57 Effect of breed, sex and flock on birth weight (single-

and twin-born lambs) (ANOVA)

4-58 Effect of breed, sex and class on birth weight (single-

and twin-born lambs) (ANOVA)

4-59 Effect of breed, birth rank, sex and flock on birth weight

(all lambs) (ANOVA)

4-60 Effect of breed, birth rank, sex and class on birth weight

(all lambs) (ANOVA)

4-61 Effect of breed, flock, sex, class and birth rank on

gestation length (Mean * S.E.)

4-62 Effect of breed, flock and sex on gestation length
and twin-born lambs) (ANOVA)

4-63 Effect of breed, class and sex on gestation length
and twin-born lambs) (ANOVA)

4-64 Effect of breed, birth rank and flock on gestation
(all lambs) (ANOVA)

4-65 Effect of breed, birth rank and class on gestation

length (all lambs) (ANOVA)

ix

Following

Page

83

83

86

86

86

87

(single-

87

(single-

length

4-66 Effect of breed, flock, class and birth rank on birth

day (Mean * S.E.)
4-67 Effect of breed, birth rank and flock on birth day

lambs) (ANOVA)

(all

87

87

87

88

88



Following
TABLE Page
4-68 Effect of breed, birth rank and class on birth day
(all lambs) (ANOVA) 88
4-69 Effect of breed, birth-rearing rank, sex, flock and
class on weaning weight and daily gain to weaning (Mean
+ S.E.) 89

4-70 Effect of breed, sex, birth-rearing rank, flock and birth

day on weaning weight and daily gain to weaning (ANOVA) 89
4-71 Effect of breed, sex, birth-rearing rank, class and birth

day on weaning weight and daily gain to weaning (ANOVA) 89

4-72 Effect of breed, birth rank, sex, flock and class on lamb

survival to weaning (Means) 111
5-1 Oestrus; insemination; ovulation; ovum recovery, cleavage

and transfer 92
5-2 Conception and lambs born following the transfer of ewe

lamb and ewe ova into the uteri of ewe lambs o8
5-3 Survival of fertilized ova from adult ewes and ewe lambs

when transferred into the uteri of ewe lambs 94

5-4 Effect of breed, birth rank and sex on day of birth and

gestation length (all lambs) (Means) 94
5-5 Effect of breed, birth rank and sex on day of birth and

gestation length (all lambs) (ANOVA) 94
5-6 Effect of breed, birth rank and sex on birth weight

and survival (all lambs) (ANOVA) 95
5-7 Effect of breed, birth rank and sex on birth weight

(all lambs) (ANOVA) : 95
5-8 Effect of breed, birth rank, sex and birth weight on

lamb survival (all lambs) 95
6-1 Survival of fertilised ova from adult ewes in the uteri of

adult ewes and ewe lambs 115



xi

Following
TABLE Page

7-1 Gross margin per 450 ewe lambs 152



xii

LIST OF FIGURES

Following

FIGURE Page
3-1 Experimental plan and calendar of events (Experiment I) 41
3-2 Ewe lamb ovum viability study : experimental plan 44
4-1 Ewe liveweight (breeds and flocks) S5l
4-2 Romney ewe liveweights (classes) 52
4-3 BLX ewe liveweights (classes) 52
4-4 Distribution of inter-oestrus intervals in Romney and

BLX ewe lambs (Flock 2) 61
4-5 Distribution of number of oestruses : Romney and BLX

ewe lambs (Flock 2) 61
4-6 Regression of conception per ewe lamb marked (P) on

April 29 to May 27 liveweight gain (LWG) 62
4-7 Regression of conception per ewe lamb joined (P) on

April 29 liveweight (LW) 63
4-8 Distribution of parous Romney and BLX ewe lambs

between behavioural score categories 65
4-9 Distribution of parous Romney and BLX ewe lambs

between milking ability score categories 65
4-10 Lamb liveweights (kg) : birth to February 13 (Weaned

Lambs) 68

4-11 Regression of multiple ovulation incidence (P) on March

15 liveweight (LW) (BLX ewes only) 75
4-12 Regression of incidence of twinning per ewe lambing

to first service (P) on March 15 liveweight (LW) (Class

Model) 79



4-14

xiii

Following
Page
Regression of incidence of joined ewes lambing
singles on March 15 liveweight (LW) (all services)
(Flock Model) . 80

Regression of incidence of joined ewes twinning (P)°
on March 15 liveweight (LW) (first service) (Flock

Model) 80



Chapter

TABLE OF CONTENTS

ABSTRACT

ACKNOWLEDGEMENTS

PREFACE

LIST OF TABLES

LIST OF FIGURES

II

II.1

II.2

I1.2.1

I1.2.2

II.3

IR i

T 3152

W33

I1.3.4

I1.3.5

II.4

I1.4.1

INTRODUCTION

REVIEW OF LITERATURE

Introduction

Aspects of Puberty

Definition

Endocrinology
Foetal Pituitary Gonadotrophin
Foetal Serum Gonadotrophin
Neonatal Pituitary Gonadotrophin
Neonatal Serum Gonadotrophin
First Oestruses

Factors Affecting First Oestrus

Genotype

Liveweight and Growth
Direct Effects
Indirect Effects

Photoperiod

Presence of the Ram

Exogenous Hormones

Reproductive Behaviour

Duration of the First Breeding Season

Xiv

Page

ii
iii

iv

xii

12
12
15
15
16
18
19
19
21

21



XV

Chapter Page
I1.4.2 Oestrous Behaviour 22
1I1.4.3 Inter-oestrus Interval 24
11.4.4 Ovarian Activity 25
II.5 Early Reproductive Performance 28
I1.5.1 Incidence of Oestrus 28
I1.5.2 Conception 29
II.5.3 Progeny Survival 31
IT,. S=4 Milk Production and Progeny Growth 32
I1.6 Progeny Performance 33
I1.7 Early Reproduction and Subsequent Production 34
_II.7.1 Maternal Performance 34
Growth and Development 34
Reproduction 35
Fleece Production 36
Total Productivity 36
T IN7N2 Progeny Performance 37
Growth and Development <))
Lamb Survival 37
Fleece Production 37
Lamb Production a 37
I1.8 Early Reproduction and Selection for Improved
Reproductive Efficiency 38
IIT MATERIALS AND METHODS
IT1.1 Experimental Area 40
I1I1.1.1 Ewe Lamb Joining Experiments (Experiment I) 40
IT1.1.2 Ewe Lamb Ovum Viability Experiment (Experiment II) 40
III.2 Animals

IIT1.3 Experimental Plan and Calendar of Events 41




Chapter

III.3.1

III.3.2

IIT.4

I11.4.1

I1T1.4.2

I11.4.3

I11.4.4

v

Iv.1

Iv.1l.1

Experiment I
Mating Management 1977
Mating Management 1978
Liveweight
Ovarian Activity
Fleece Weight
Lambing Management 1977
Lambing Management 1978
Weaning 1977
Weaning 1978

Experiment II
Mating Management and Oestrous Synchronisation
Liveweight
Ova Recovery
Ova Transfer
Lambing Management

Methods of Analysis

Fitting Models to Continuous Variables

Fitting Models to Discrete Variables

Analysis of Variance (ANOVA)

Significance Testing

RESULTS (EXPERIMENT 1I)

Liveweight of Ewes

Flock Model

Breed Effect

Birth Rank Effect

Flock Effect

xXvi

Page

41

41

41

41

42

42

42

43

43

44

44

45

45

45

46

46

47

48

49

50

51

51

Sik

51

52



xvii

Chapter ' Page
Iv.1.2 Class Model 52
April 29 to September 16 Liveweights 52

Class Effect (Romney Ewes) 53

Pregnant versus Oestrous ' 53

Oestrous versus Acyclic 53

Oestrous versus Infertile 53

Class Effect (BLX Ewes) 53

Pregnant versus Oestrous 53

Oestrous versus Acyclic 53

Oestrous versus Infertile 53

Breed Effect 53

October 21 and November 9 Liveweights 54

Breed Effect 54

Class Effect 54

November 30, 1977 to November 22, 1978 Liveweights 54

Class Effect (Romney Ewes) 54
Early versus Late Weaned 54
Early Weaned versus Oestrous 54
Oestrous versus Acyclic 55
Oestrous versus' Infertile 55

Class Effect (BLX Ewes) 55
Early versus Late Weaned 55
Early Weaned versus Oestrous 55
Late Weaned versus Oestrous 55
Oestrous versus Acyclic 56
Oestrous versus Infertile 56

Breed Effect 56

Iv.2 Liveweight Gain of Ewes 56




Chapter

Iv.2.1

Iv.2.2

Iv.3

IVs3.1

RV/23 . 2

Iv.3.3

Iv.3.4

IV.3.5

Iv.3.6

Iv.3.7

Iv.3.8

Flock Model

Breed Effect

Birth Rank Effect

Flock Effect

Class Model

April 29 to September 16 Gain
September 16 to November 30 Gain

November 30 to February 1 Gain

February 1 to May 10 Gain
May 10 to July 19 Gain

July 19 to November 22 Gain
April 29 to November 22 Gain

April 29 to May 27 Gain

November 30 to December 21 Gain

December 21 to January 11 Gain

March 15 to April 12 Gain

Ewe Lamb Performance

Incidence of Oestrus
Inter-oestrus Interval

Number of Oestruses

Incidence of Multiple Ovulation

Conception

Marked Ewes First Service

Marked Ewes All Services

First Service

Joined Ewes

Joined Ewes All Services
Efficiency of Pregnancy Diagnosis

Maternal Behaviour Score

Milking Ability Score

xviii

Page

57
57
57

57

58
58
58
59
59
59
59
59
60
60
60
60
60
61
61
62
62
62
63
63
64
64
65

65



Chapter

Iv.3.9

Iv.3.10

Iv.4

Iv.4.1

Iv.4.2

Iv.4.3

Iv.5

Fleece Production
Flock Model
Class Model

Lambs Weaned
Marked Ewes
Joined Ewes

Ewe Lamb Progeny Performance

Prenatal Growth
Gestation Length
Day of Birth
Birth Weight
Postnatal Growth
Pre-weaning Liveweight
October 21
November 9
November 30
Pre-weaning Daily Liveweight Gain
Post-weaning Liveweight
December 21
January 11 and February 1
February 13
Post-weaning Daily Liveweight Gain
November 30 to December 21
December 21 to January 11
January 11 to February 1
February 1 to February 13
November 30 to February 13
Survival to Weaning

Two-year-old Ewe Performance

xix

Page

66
66
66
66
66
67
67
67
67
67
68
68
68
68
68
69
69
69
69
70
70
70
71
71
71
71
71
72

73



Chapter

Iv.5.1 Onset of Breeding Season
Flock Model
Class Model
IV.5.2 Oestrous Cycle Length
Flock Model
Class Model
I/ IS Incidence of Multiple Ovulation
Flock Model
Class Model

Iv.5.4 Conception

First Service - Single and Multiple Ovulators

First Service - All Ewes

All Services - All Ewes
Iv.5.5 Ovum Survival

Single Ovulators

Multiple Ovulators - No Survival

Multiple Ovulators - Partial Survival

Multiple Ovulators - Total Survival

All Corpora Lutea
IV.5.6 ‘Lambs Born Per Ewe
Lambing Ewes
Joined Ewes - One Lamb
Joined Ewes - Two Lambs
Iv.5.7 Lambs Weaned Per Ewe
Lambing Ewes
No Lambs Weaned
One Lamb Weaned
Two Lambs Weaned

Total Number of Lambs Weaned

Page

73
73
73
Us
74
74
74
74
74

75

76
76
76
77
77
77
77
77
78
78
79
80
80
81
81
81
8l

81



xxi

Chapter Page
Joined Ewes 82
No Lambs Weaned 82
One Lamb Weaned 82
Two Lambs Weaned ‘ 82
Total Number of Lambs Weaned 83
Iv.5.8 Fleece Production 83
February Fleece Weight 83
Flock Model . 83
Class Model . 84
Romney Ewes 84
BLX Ewes 84
Breed Effect 84
November Fleece Weight 84
Flock Model 84
Class Model 85
Cumulative Fleece Weight 85
Flock Model 85
Class Model 85
Romney Ewes 85
BLX Ewes - 85
Breed Effect 86
IV.6 Two-year-old Ewe Progeny Performance 86
Iv.6.1 Prenatal Growth 86
Birth Weight 86
Single-born Lambs 86
Twin-born Lambs 86
All Lambs 87
Gestation Length 87

Single-born Lambs 87



Chapter

IvV.6.2

Iv.6.3

VI
VI.1
VI.2
VI.2.1
VI.2.2
VI.2.3

VI.2.4

Twin Sets of Lambs
Single-born and Twin Sets of Lambs
Birth Day
Postnatal Growth
Weaning Weight
Daily Gain to Weaning

Survival to Weaning

RESULTS (EXPERIMENT ITI)

Liveweight of Ewe Lambs

Ewe Lamb Performance

Oestrus; Insemination; Ovulation; Ovum Recovery,

Cleavage and Transfer
Conception and Lambs Born
Ovum Survival

Ewe Lamb Progeny Performance

Prenatal Growth
Day of Birth
Gestation Length
Birth Weight

Survival

DISCUSSION

Liveweight of Ewes

Ewe Lamb Performance

Incidence of Oestrus

Inter-oestrus Interval

Insemination Failure

Number of Oestruses

xxii

Page

88

88

88

89

89

90

91

92

92

92

93

94

94

94

94

94

95

95

96

102

102

103

105

106



Chapter

VI.2.5

VI.2.6

VI.2.7

VI.2.8

VI.2.9

VIi.2.10

VI.2.11

VI.3

Wabod) odl

VI.3.2

WAL, &S

VI.4

VI.4.1

VI.4.2

VI.4.3

VI.4.4

VI.4.5

VI.4.6

VIi.4.7

VI.4.8

VI.S5

VI.5.1

VI.5.2

VI.5.3

VI.5.4

VI.5.5

Ovarian Activity

Conception

Ovum Survival

Pregnancy Diagnosis

Behaviour and Milk Potential Score
Fleece Production

Lambs Weaned

Ewe Lamb Progeny Performance

Prenatal Growth
Postnatal Growth
Survival

Two-year-old Ewe Performance

Onset of Breeding Season
Oestrous Cycle Length
Multiple Owvulation
Conception

Ovun Survival

Lambs Born Per Ewe
Lambs Weaned Per Ewe
fleece Weight

Two-year-old Ewe Progeny Performance

Birth Weight
Gestation Length
Birth Day
Postnatal Growth

Survival

xxiii

Page

107
109
113
119
121
121
122
124
124
126
128
130
130
132
132
134
136
138
139
141
141
141
143
144
144

145



Chapter

VII APPLICATIONS TO INDUSTRY
SUMMARY
REFERENCES

APPENDICES

XXiv

Page

148





