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ABSTRACT 

Divergent selection was employed to establish high and low 

lines for liveweight-adjusted backfat depth (LABF) assessed 

ultrasonically in Southdown sheep. The selection lines were initially 

constituted from several sources with stock brought-in during the first 

three years of the experiment (1976-1978). These first years were used 

to evaluate ultrasonic equipment for measuring backfat depth. The 

lines were closed in 1979. Data analysed in this study were collected 

over 8 years (1979-1986) representing, approximately 2.66 generations. 

Selection was practised in two stages, with a preliminary 

selection based on the first LABF on the rams and ewes, and a final 

selection based on an average of all measurements assessed throughout 

the year for the rams only. 

Direct selection for high or low backfat depth resulted in 

the 1986 born animals in the high line having about 1.69mm (59.6%DEV) 

and 2.00mm (49.57%DEV) thicker backfat than the low line in the rams 

and the ewes, respectively. The responses to selection per unit of 

cumulated selection differential were in most cases high. Due to prior 

selection and difficulties in assessing the selection pressure, it was 

concluded that these regressions poorly represented the selection 

process. 

Correlated responses to selection for and against backfat 

depth were generally small. However, consistent positive correlated 

response were observed in liveweight-adjusted height and length (LAH 
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and LAL) over the selection period. These responses imply a negative 

genetic correlation between these traits and backfat depth . This 

finding was in agreement with the published literature. 

Phenotypic correlations were calculated within-trait 

between-days and between-traits within-days. Correlations were pooled 

within-trait following tests of homogeneity. The within trait values 

were generally moderate to high and they were in agreement with the 

values reported in the literature. The between-traits correlation 

values were generally low, but were consistently negative for LABF-LAH 

and LABF-LAL, and consistently positi ve for LAL-LAH . Repeatability 

estimates, using the within-trait combinations, were also in agreement 

with the literature and suggested a moderate to high repeatability for 

LABF and LAH. Repeatability estimates for LAL were low to moderate and 

they were slightly smaller than the values reported in the literature. 

Estimates of the heritability of LABF varied with method 

used. The paternal half-sib method resulted in low values (0.14 to 

0.19) while dam/offspring method gave moderate values (0.29 to 0.43) . 

Corresponding heritability estimates for LAH and LAL were about 0.31 

and -0.14, respectively. These values were smaller than other results 

quoted in the literature. It was concluded that truncation selection 

on LABF reduced the genetic variability of these traits, although not 

to the same extent as for LABF. 

It was concluded that divergent selection for LABF was 

effective, resulting in lines with significantly different backfat 

depth at the same liveweight. Furthermore, selection for low LABF led 

to significantly longer and taller animals. 



iv 

ACKNOWLEDGEMENTS 

In the persuit of my degree, many teachers, colleages and friends 

helped me endurece this rewarding experience. To all these people, my 

deep gratitude and sincere thanks. Space, but surely not appreciation, 

permits me to mention only those who were directly involved with my 

research. 

First and foremost the supervisors of my dissertation, Dr. 

Hugh T. Blair and Dr. Roger W. Purchas for their guidance and advice 

throughout the preparation of this work. I am particularly grateful to 

them ~or encouraging me when it was mostly needed. I would also like 

to thank them for the unique experience I gained by working under their 

supervision. 

Professors A. L. Rae and R. D. Anderson for their helpful 

comments and suggestions in quantitative genetics and biometrics. 

Undoubtedly, the content of my thesis has significatively improved by 

their insightful remarks. 

I would like to thank my sponsors The Universidad Autonoma 

Chapingo, The Ministry of Foreign Affairs of New Zealand, The Consejo 

Nacional de Ciencia y Tecnologia (CONACYT) and The Asociacion Nacional 

de Universidades e Institutes de Ensenansa Superior (ANUIES), who 

provided with financial support during my studies. 



v 

Mr. J.Rendel, Mr. B.Southey, Mr. P.Walsh, Mrs. K.Hamilton 

and the Computer Centre Staff for your help in the biometrical analysis 

and reading of this manuscript. 

All Post-graduate students and staff of the Department of 

Animal Science. Thanks to all of you for your support and friendship 

throughout my time at Massey University. 

Finally, but the most important people in my life, to my wife 

Elizabeth and our son J. Vicente were long-suffering with my 

depressions and absence, but also who played an important role in 

enabling me to complete this difficult task. This acknowledgement is 

extended to my parents Vicente and Lucia, my brother Alberto and my 

sister L.Guadalupe. Wherever you are ... you are in my mind. 



vi 

TABLE OF CONTENTS 

TITLE PAGE ••••.••.•.•.••••.•.••.•••.•.••••.•••..•••••.•.•....•••••.•.• i 

ABSTRACT . ............................................................. i i 

ACKNOWLEDGEMENTS ••.••.•••••.•••••••••.•••.••.••••••.•••.•••••.••....• i v 

TABLE OF CONTENTS .•...••.•.••..••••••.•.•.••.••.•••....•.••.•........ vi 

LIST OF TABLES ••..•••••..••.............•...•......•..•.•............. x 

LIST OF FIGURES ••...••..•.•.•...•...•..•......•...................• xiii 

LIST OF APPENDICES •••...•••••••••••.....•.•..•.•••.......•.••..•..... XV 

CHAPTER ONE. INTRODUCTION ••....•.•••.••.•.......••...••.••..•..•...•.. 1 

CHAPTER TWO. REVIEW OF LITERATURE •••.•.•••••.•.•.•......••.•...••..•.. 4 

2.1 Introduction ••..•.•.••.•.•.•••..••.•......••......•..••..•.....• 4 

2.2 Selection experiments •••••••.. .- •••••••..••••••.•••.•••...•..•.•. 5 

2.2.1 Objectives of selection experiments .••......•..•...•....•. 5 



vii 

2.2.2 Design and parameter estimation in selection 

experiments ............................................... 6 

2.2.2.1 Selection in one direction with a control ......... 8 

2.2.2.2 Modified controls ................................ 13 

2.2.2.3 Divergent selection .............................. 16 

2.2.3 Selection experiments involving meat production .......... 19 

2. 2. 3.1 Introduction ..................................... 19 

2.2.3.2 Selection for/against liveweight ................. 21 

2.2.3.3 Selection for/against growth rate and 

efficiency of growth .................................. 30 

2.2.3.4 Selection for/against skeletal size .............. 40 

2.2.3.5 Selection for/against fatness .................... 44 

CHAPTER THREE. MATERIALS AND METHODS ................................. 56 

3.1 The sheep and their environment ................................ 56 

3.2 Traits investigated ............................................ 59 

3.3 Statistical methods ............................................ 64 

3. 3. 1 Linear models ............................................ 64 

3.3.2 Generation interval ...................................... 68 

3.3.3 Direct responses to selection ............................ 69 

3.3.4 Correlated responses to selection ........................ 69 

3.3.5 Selection differential ........................•.......... 70 

3.3.6 Phenotypic correlations.: ................................ 76 

3. 3. 7 Genetic parameters ....................................... 77 



viii 

3.3.7.1 Heritability ..................................... 77 

3.3.7.2 Repeatability .................................... 81 

3.3.7.3 Genetic correlation .............................. 81 

CHAPTER FOUR. RESULTS ................................................ 83 

4.1 Non-genetic effects ............................................ 83 

4.1.1 Birth weight .... : ........................................ 83 

4.1.2 Pre-weaning growth rate .................................. 85 

4.1.3 Post-weaning growth rate ................................. 87 

4.1.4 Liveweight-adjusted backfat depth (LABF) ................. 91 

4.1.5 Liveweight-adjusted shoulder height (LAH) ................ 93 

4.1.6 Liveweight-adjusted body length (LAL) .................... 94 

4.2 Direct responses to selection .................................. 96 

4.2.1 Introduction ............................................. 96 

4.2.2 Generation interval ...................................... 97 

4.2.3 Selection differentials .................................. 97 

4.2.4 Yearly responses and divergences ........................ 104 

4.2.5 Responses per unit of cumulated selection 

differential ............................................ 110 

4.3 Correlated responses .......................................... 118 

4.4 Genetic and phenotypic parameters ............................. 120 

4.4.1 Phenotypic correlations ................................. 120 

4.4.2 Repeatability ........................................... 122 

4.4.3 Heritability and genetic correlations ................... 122 



ix 

CHAPTER FIVE. DISCUSSION ............................................ 127 

5.1 Introduction .................................................. 127 

5. 2 Non-genetic effects ........................................... 128 

5.2.1 Birth weight, pre- and post-weaning growth rate ......... 128 

5.2.2 Liveweight-adjusted backfat (LABF), shoulder height 

(LAH) and body length (LAL) ............................. 131 

5.3 Direct responses to selection ..•.............................. 133 

5.3.1 Selection differentials ................................. 135 

5.3.2 Responses to selection per unit of cumulated 

selection differential .................................. 138 

5. 4 Correlated responses .......................................... 139 

5.4.1 Birth weight, pre- and post-weaning growth rate ......... 139 

5.4.2 Liveweight-adjusted shoulder height and body length ..... 141 

5.5 Phenotypic correlations and repeatabilities ................... 143 

5. 6 Heritability .................................................. 146 

CHAPTER SIX. CONCLUSIONS ............................................ 150 

APPENDICES .......................................................... 15 7 

REFERENCES .......................................................... 165 



X 

LIST OF TABLES 

2.1 Heritability estimates for liveweight at various ages 

in some farm animals ............................................. 22 

2.2 Heritability estimates for various assessments of 

growth rate ..................................................... 32 

2.3 Heritability estimates for measurements of skeletal 

size ............................................................. 41 

2.4 Heritability estimates for various assessments of 

fatness in the live animal or from carcass data .................. 45 

3.1 Avalilability of hoggets for selection each year from 

1979 to 1986 ..................................................... 58 

3.2 Size of ewe flocks at mating and their age by line 

and bt year ...................................................... 60 

3.3 common abbreviations used in the text ............................ 61 

3.4 Guideline distances from the midline to take UFD 

measurements in sheep (Purchas et al,1981) ....................... 62 

4.1 Least square means (LSM±SE) for birth weight (kg) within 

various non-genetic classes and for each selection line .......... 84 

4.2 Least square means (LSM±SE) for pre-weaning average daily 

gain (g/day) for various non-genetic classes and for each 

selection line ................................................... 86 

4.3 Least square means (LSM±SE) for post-weaning ADG within 

various non-genetic classes and for each selection line 

in the unselected population of ram hoggets ...................... 88 



4.4 Least square means (LSM±SE) for post-weaning ADG within 

various non-genetic classes and for each selection line in 

xi 

the unselected ewe hogget population ............................. 89 

4.5 Least square means (LSM±SE) for post-weaning ADG for 

the selected ram hoggets from 1980 to 1986 ....................... 90 

4.6 Least square means (LSM±SE) for LABF within various 

non-genetic classes and for each selection line, in the 

unselected population of ram and ewe hoggets ..................... 92 

4.7 Least square means (LSM±SE) for liveweight-adjusted backfat 

depth (LABF), shoulder height (LAH) and body length (LAL) 

of the ram hoggets ............................................... 95 

4.8 Least square means (LSM±SE) and level of significance for a 

group of traits measured on ram and ewe hoggets for the first 

and last measurements in 1987 (birth year 1986) .................. 98 

4.9 Regression coefficients (B±SE) of CSD on cumulated 

selection response within line of selection for LABF in ram and 

ewe hoggets ..................................................... 119 

4.10 Correlated responses to selection for high and low 

LABF in ram and ewe hoggets in 1986 calculated as the 

divergence between the high and low lines ....................... 119 

4.11 Regression coefficients (B±SE) of year on the 

correlated responses to selection for high and low 

LABF on year in rams and ewe hoggets ............................ 121 

4.12 Pooled correlations between adjacent measurements 

of LABF, LAL and LAH, and between measurements of different 

traits recorded on the same day, for the two selection lines .... 123 



xii 

4.13 Repeatabilities for LABF, LAL and LAH in the ram 

hoggets for each selection line and year ........................ 124 

4.14 Heritability estimates (h 2 ±SE) for LABF within 

selection line or after pooling across selection lines. 

(Number of observations and sires in the line in parentheses) ... 125 

4.15 Heritability (h 2 ±SE) estimates using Henderson's method 2 

for LABF, LAL and LAH for three different periods through the 

year. (Number of observations and number of sires 

in par en theses) ................................................. 125 



LIST OF FIGURES 

3.1 Diagrams of the selection differenctials (S1, S2, S3 

and S4) based on: (a) the first LABF measurement and 

xiii 

(b) the average of all LABF measurements ......................... 72 

4.1 Line means for the two selected sires, top two rams 

and unselected population of ram hoggets based on 

the first LABF measurement only (used to obtain S1) ............. 100 

4.2 Line means for the top 50% (approximately) and unselected 

populations of rams based on the first LABF measurement 

only (used to obtain S3) ........................................ 101 

4.3 Line means for the top 50% (approximately) and 

unselected populations of ewes based on the first LABF 

measurement only (used to obtain S3) ............................ 102 

4.4 Line means for the two selected sires, the top two rams 

and top 50% (approximately) based on the average of all 

LABF measurements (used to obtain S4) ....................... 103 

4.5 Plots and regression equations of selection 

differentials S1 and S2 for the ram hoggets ................•.... 105 

4.6 Cumulative selection differential (based on the first 

LABF measurement only) for the high and low LABF 

selection lines in ram and ewe hoggets .......................... 106 

4.7 Yearly responses (YR) to selection for high or low 

LABF in the ram and ewe hoggets based in the first LABF 

measurement ..................................................... 108 



xiv 

4.8 Divergence in LABF between selection lines for ram and 

ewe hoggets based on the first LABF measurement ................. 109 

4.9 Cumulative yearly response to selection for high or low 

LABF in ram and ewe hoggets based on the first LABF 

measurement ..................................................... 111 

4.10 Yearly responses to selection for/against LABF based 

on the average of all LABF measurements in the top 50% 

(approximately) ram hoggets ..................................... 112 

4.11 Divergence in LABF between the high and low lines based 

on the average of all LABF measurements in the top 50% 

(approximately) ram hoggets ..................................... 113 

4.12 Plots of the cumulative yearly responses and the cumulative 

selection differentials in the ewe hoggets based on the 

first LABF measurement .......................................... 114 

4.13 Plots of the cumulative yearly responses and the cumulative 

selection differential in the ram hoggets based on the 

first LABF measurement .......................................... 115 

4.14 Plots of the divergence in the response to selection and 

cumulative selection differential in ewe hoggets based 

on the first LABF measurement ................................... 116 

4.15 Plots of the divergence in the response to selection and 

cumulative selection differential in ram hoggets based 

on the first LABF measurement ................................... 117 



LIST OF APPENDICES 

7.1 Dates of the three periods within year for the analysis 

of post-weaning growth rate in ram hoggets from 

XV 

1980 to 1986 .................................................... 157 

7.2 Dates of the three periods within year for the analysis 

of LABF in ram hoggets from 1980 to 1986 ...................... ~.158 

7.3 Dates of the three periods within year for the analysis 

of LAH in ram hoggets from 1980 to 1986 ......................... 159 

7.4 Dates of the three periods within year for the analysis 

of LAL in ram hoggets from 1980 to 1986 ......................... 160 

7.5 Calculation of the selection differentials ...................... 161 

7.6. Example of heritability estimates for LABF using 

Henderson's method 2 ............................................ 162 


