
 
 

 

 

IMPROVING PRE-WEANING SURVIVAL OF PIGLETS THROUGH GENETIC 

SELECTION AND MANAGEMENT 

 

 

 

 

by 

 

Poasa Tabuaciri 

Dipl. Trop. Agri. (FCA), Int’l. Dipl. Tert. Teach. (FIT), BAgri. (USP), MSc. - Anim. Sci. (NPUST) 

 

 

 

A THESIS SUBMITTED FOR THE DEGREE OF 

DOCTOR OF PHILOSOPHY 

OF THE UNIVERSITY OF NEW ENGLAND 

 

June 2012 

 

 

 

 

 

 

Animal Genetics and Breeding Unit (AGBU) 

 

 



iii 
 

ACKNOWLEDGEMENTS 

I am deeply grateful to my Supervisors Kim Louise Bunter and Hans-Ulrich Graser for their 

encouragement, support, and patience in the past four years. Without their advice and 

friendship, it would have been impossible to complete this thesis. Their contributions are very 

much appreciated.  

I would like to acknowledge the academic and technical staff of the Animal Genetics and 

Breeding Unit for their support during my four long years with them. Special thanks go to Jim 

Cook for his help in the processing of thermal images.   

I am most grateful to the staff of Rivalea Pty Ltd Corowa for the assistance they provided 

during data collection. It was great working with you. 

To my hard working wife Asenaca Tabuaciri and my lovely daughters Laisa and Mariana 

Tabuaciri, thank you so much for your patience and support through the years. I dedicate this 

work to you!  

Lastly, I would like to thank the Government of Fiji and the Ministry of Fijian Affairs for a 

Postgraduate Scholarship that provided me with all the financial support to pursue and complete 

this study.  

Father, in Your mighty hands 
You created everything 

You can create so many things 
Which no man can even think about.  

Your wisdom is far above our understanding 
Your perception is beyond our deepest thoughts 

In You there is no failure 
For You can perceive what is ahead.  

My Creator, I surrender to You 
Forgive me for the days 

When I did not know 
Who was my true Father.  

I thank You, my God 
In Your great compassion 

You have shown Yourself to me 
I am so thankful 
For my steps are 

Going in the right direction.  

All I want is to draw closer to You 
To see You in better light 

And to give you all my praises 
How worthy You are, my God. (Psalm 81) 



iv 
 

Table of Contents 

IMPROVING PRE-WEANING SURVIVAL OF PIGLETS THROUGH GENETIC SELECTION AND 

MANAGEMENT ...................................................................................................................................i 

DECLARATION .................................................................................................................................... ii 

ACKNOWLEDGEMENTS ..................................................................................................................... iii 

Table of Contents .............................................................................................................................. iv 

List of Tables ..................................................................................................................................... xi 

List of Figures ................................................................................................................................... xv 

List of Appendices ........................................................................................................................... xvi 

List of Abbreviations ...................................................................................................................... xvii 

Abstract ........................................................................................................................................... xxi 

Chapter 1 .......................................................................................................................................... 1 

General Introduction ........................................................................................................................ 1 

Thesis objective ............................................................................................................................ 2 

Thesis outline ................................................................................................................................ 2 

Chapter 2 .......................................................................................................................................... 4 

Literature review .............................................................................................................................. 4 

2. Introduction .................................................................................................................................. 4 

2.1 Sow attributes ............................................................................................................................. 4 

2.1.1 The gestating sow ................................................................................................................ 5 

2.1.1.1 Litter size and birth weight ........................................................................................... 5 

2.1.1.2 Variability in birth weight and uterine capacity ........................................................... 6 

2.1.1.3 Gestation length ........................................................................................................... 7 

2.1.1.4 Farrowing process ........................................................................................................ 8 

2.1.2 Nurse sow characteristics .................................................................................................... 9 

2.1.2.1 Body composition ....................................................................................................... 10 



v 
 

2.1.2.2 Sow behaviour ............................................................................................................ 11 

2.1.2.3 Mammary glands ........................................................................................................ 13 

2.1.2.4 Teat numbers .............................................................................................................. 13 

2.2 Management and environment ............................................................................................... 14 

2.2.1 Cross fostering ................................................................................................................... 14 

2.2.2 Farrowing crates ................................................................................................................ 16 

2.3 Piglet attributes ........................................................................................................................ 17 

2.3.1 Recording of piglet traits ................................................................................................... 17 

2.3.2 Individual birth weight and survival .................................................................................. 18 

2.3.3 Piglet vitality ...................................................................................................................... 19 

2.4 Other measurement techniques .............................................................................................. 21 

2.5 Conclusions ............................................................................................................................... 22 

Chapter 3 ........................................................................................................................................ 24 

Identifying piglet and sow attributes that are associated with piglet preweaning survival .......... 24 

3. Introduction ................................................................................................................................ 24 

3.1 Materials and Methods ............................................................................................................ 25 

3.1.1 Sow traits ........................................................................................................................... 25 

3.1.1.1 Pre-farrowing traits .................................................................................................... 26 

3.1.1.2 Post-farrowing traits ................................................................................................... 27 

3.1.1.3 Calculated variables .................................................................................................... 28 

3.1.2 Traits recorded on individual piglets ................................................................................. 28 

3.1.2.1 Trait descriptions ........................................................................................................ 30 

3.1.3 Data analysis ...................................................................................................................... 31 

3.1.3.1 Sow factors ................................................................................................................. 31 

3.1.3.2 Piglet factors ............................................................................................................... 31 

3.1.4 Model ................................................................................................................................. 31 



vi 
 

3.2 Results and discussion .............................................................................................................. 32 

3.2.1 Characteristics of the complete data ................................................................................ 32 

3.2.1.1 Piglet attributes .......................................................................................................... 32 

3.2.1.2 Sow attributes ............................................................................................................ 34 

3.2.2 Factors associated with piglet survival .............................................................................. 36 

3.2.2.1 Univariate models for piglet and sow traits ............................................................... 36 

3.2.2.2 Multivariate models for piglet factors ........................................................................ 37 

3.2.2.3 Multivariate models for sow factors .......................................................................... 38 

3.2.2.4 Combined piglet and sow factors ............................................................................... 39 

3.2.3 Odds ratios for significant factors affecting piglet survival from separate multivariate 

analyses ...................................................................................................................................... 41 

3.2.3.1 Piglet factors ............................................................................................................... 41 

3.2.3.2 Sow factors ................................................................................................................. 43 

3.2.3.3 Combined multivariate analyses of sow and piglet factors on survival ..................... 45 

3.3 Conclusions ............................................................................................................................... 48 

Chapter 4 ........................................................................................................................................ 49 

Genetic parameters for sow characteristics pre- and post-farrowing and their associations with 

piglet survival to weaning ............................................................................................................... 49 

4. Introduction ................................................................................................................................ 49 

4.1 Material and Methods .............................................................................................................. 49 

4.1.1 Data editing and statistical analyses ................................................................................. 49 

4.1.2 Systematic effects .............................................................................................................. 51 

4.1.3 Random effects .................................................................................................................. 51 

4.3 Results and discussion .............................................................................................................. 51 

4.3.1 Characteristics of the data ................................................................................................. 51 

4.3.1.1 Pre-farrowing data...................................................................................................... 51 



vii 
 

4.3.1.2 Post-farrowing data .................................................................................................... 54 

4.3.2 Significant systematic effects ............................................................................................ 55 

4.3.2.1 Solutions for systematic effects ................................................................................. 56 

4.3.2.2 Post-farrowing data .................................................................................................... 58 

4.3.3 Estimates of heritabilities .................................................................................................. 61 

4.3.4 Correlations between sow traits ....................................................................................... 65 

4.3.4.1 Phenotypic and residual correlations ......................................................................... 66 

4.3.4.2 Genetic correlations ................................................................................................... 70 

4.3.5 Correlations between the sow and piglet survival attributes ........................................... 72 

4.3.5.1 Correlations between sow attributes and NWEAN .................................................... 72 

4.3.5.2 Correlations between sow traits and NSURV ............................................................. 74 

4.4 Conclusions ............................................................................................................................... 76 

Chapter 5 ........................................................................................................................................ 78 

Piglet characteristics at birth and their associations with piglet survival, when treated as traits of 

the sow ........................................................................................................................................... 78 

5. Introduction ................................................................................................................................ 78 

5.1 Material and Methods .............................................................................................................. 79 

5.1.1 Data editing and statistical analyses ................................................................................. 79 

5.2 Results and discussion .............................................................................................................. 80 

5.2.1 Data characteristics ........................................................................................................... 80 

5.2.2 Significant systematic effects ............................................................................................ 81 

5.2.2.1 Solutions for systematic effects ................................................................................. 82 

5.2.3 Estimates of heritabilities .................................................................................................. 85 

5.2.4 Correlations between traits ............................................................................................... 87 

5.2.4.1 Correlations between average piglet attributes ........................................................ 87 

5.2.4.2 Phenotypic and residual correlations ......................................................................... 87 



viii 
 

5.2.4.3 Genetic correlations ................................................................................................... 90 

5.2.4.4 Sow effects ................................................................................................................. 90 

5.2.5 Correlations between sow and piglet attributes ............................................................... 90 

5.2.5.1 Phenotypic and residual correlations ......................................................................... 90 

5.2.5.2 Genetic correlations ................................................................................................... 93 

5.2.5.3 Sow effects ................................................................................................................. 93 

5.2.6 Correlations between NSURV and average piglet attributes ............................................ 95 

5.2.6.1 Phenotypic and residual correlations ......................................................................... 95 

5.2.6.2 Genetic correlations ................................................................................................... 97 

5.2.6.3 Sow effects ................................................................................................................. 97 

5.3 Conclusions ............................................................................................................................... 97 

Chapter 6 ........................................................................................................................................ 99 

Piglet attributes at birth and their associations with survival when treated as traits of the piglet

 ........................................................................................................................................................ 99 

6. Introduction ................................................................................................................................ 99 

6.2 Material and Methods ............................................................................................................ 100 

6.2.1 Traits recorded on individual piglets ............................................................................... 100 

6.2.2 Data editing and statistical analyses ............................................................................... 100 

6.3 Results and discussion ............................................................................................................ 100 

6.3.3 Significant random effects ............................................................................................... 101 

6.3.4 Estimates of heritabilities ................................................................................................ 101 

6.3.4.1 Continuous traits ...................................................................................................... 101 

6.3.4.2 Binary traits............................................................................................................... 104 

6.3.5 Correlations between traits ............................................................................................. 106 

6.3.5.1 Phenotypic and genetic correlations ........................................................................ 106 

6.3.5.2 Phenotypic and genetic correlations between SURV and piglet attributes ............. 107 



ix 
 

6.4 Conclusions ............................................................................................................................. 110 

Chapter 7 ...................................................................................................................................... 111 

Thermal imaging as a practical strategy for identifying piglets at risk ......................................... 111 

7. Introduction .............................................................................................................................. 111 

7.2 Material and Methods ............................................................................................................ 112 

7.2.1 Data collection ................................................................................................................. 112 

7.2.2 Data analysis .................................................................................................................... 114 

7.3 Results and discussion ............................................................................................................ 114 

7.3.1 Characteristics of the data............................................................................................... 114 

7.3.2 Significant systematic effects .......................................................................................... 118 

7.3.3 Correlations between IR traits recorded at different anatomical regions ...................... 118 

7.3.4 Preweaning mortality ...................................................................................................... 120 

7.3.4.1 Birth weight and mortality ....................................................................................... 121 

7.3.4.2 Relationships between temperature and mortality ................................................. 121 

7.4 Practical applications .............................................................................................................. 123 

7.4.1 Identifying cold piglets .................................................................................................... 123 

7.4.2 Identifying cold areas in the pen ..................................................................................... 125 

7.4.3 Distinguishing still births from other deaths for more accurate recording of reproductive 

traits .......................................................................................................................................... 128 

7.4.4 Status of the mammary glands or udder ......................................................................... 129 

7.4.5 Cost-benefit analysis........................................................................................................ 130 

7.5 Conclusions ............................................................................................................................. 131 

Chapter 8 ...................................................................................................................................... 132 

Breeding program options for improving piglet survival ............................................................. 132 

8. Introduction .............................................................................................................................. 132 

8.2 Material and methods ............................................................................................................ 133 



x 
 

8.2.1 Traits considered ............................................................................................................. 133 

8.2.2 Indexes compared ........................................................................................................... 134 

8.3 Results and discussion ............................................................................................................ 136 

8.4 Conclusions ............................................................................................................................. 138 

Chapter 9 ...................................................................................................................................... 139 

General conclusions ...................................................................................................................... 139 

References .................................................................................................................................... 142 

Appendices ................................................................................................................................... 162 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 
 

List of Tables 

Table 2.1 Literature estimates of heritabilities for number born alive (NBA) and average litter 

birth weight (ABWT) and number of pigs crushed (CR) with their genetic (rA) and phenotypic (rP) 

correlations ....................................................................................................................................... 6 

Table 2.2 Literature estimates of maternal (maternal) and direct (direct) heritabilities (h2) for gestation 

length ................................................................................................................................................ 8 

Table 2.3 Literature estimates of maternal (h2
maternal) heritabilities for number of stillborn (SB), 

dead of born alive (MORTBA), birth weight (BWT), and growth rate (GROWTH) together with 

their maternal (rA maternal) genetic correlations with gestation length ............................................. 8 

Table 2.4 Literature estimates of heritabilities sow composition pre-farrowing .......................... 10 

Table 2.5 Literature estimates of heritabilities (h2) for sow backfat with number born alive (NBA), 

or weaned (NW) with their genetic (rA) correlations ..................................................................... 11 

Table 2.6 Literature estimates of heritabilities (h2) for sow behaviours ....................................... 11 

Table 2.7 Literature estimates of heritabilities for sow behaviours along with the genetic (rA) 

correlations between these attributes and piglet mortality or crushing ....................................... 13 

Table 2.8 Literature estimates of heritabilities for individual piglet attributes ............................. 18 

Table 2.9 Literature estimates of heritabilities (h2) for individual piglets with the genetic and 

phenotypic correlations between birth weight (BWT) and survival (SURV), crushing (CR) or 

stillbirth (SB) ................................................................................................................................... 19 

Table 3.1 Data characteristics for the piglets’ continuous attributes ............................................ 32 

Table 3.2 Data characteristics for the piglets’ categorical attributes ............................................ 33 

Table 3.3 Data characteristics for the sows’ continuous attributes pre-, and post-farrowing ...... 34 

Table 3.4 Data characteristics for the sows’ categorical attributes pre-, and post-farrowing ...... 35 

Table 3.5 The significance of individual piglet factors in univariate models (N=7792) ................. 36 

Table 3.6 The significance of individual sow factors in univariate models (N=7792) .................... 37 

Table 3.7 Piglet factors used in the piglet multivariate model along with their significance level 

(N=7792) ......................................................................................................................................... 38 

Table 3.8 Sow factor levels used in the sow multivariate model along with their significance level

 ........................................................................................................................................................ 39 

Table 3.9 Piglet and sow factor levels used in the combined multivariate model along with their 

significance level ............................................................................................................................. 40 



xii 
 

Table 3.10 Odds ratios (OR) for piglet survival and significant (P<0.05) piglet factors (N=7792) 

along with the 95% confidence interval (CI) .................................................................................. 41 

Table 3.11 Odds ratios (OR) for piglet survival and significant (P<0.05) sow factors (N=7792) 

along with the 95% confidence interval (CI) .................................................................................. 44 

Table 3.12 Odds ratios (OR) for piglet survival and significant sow (P<0.05) and piglet attributes 

along with the 95% confidence interval (CI) .................................................................................. 47 

Table 4.1 Data characteristics for sow traits recorded pre-farrowing ........................................... 52 

Table 4.2 Data characteristics for sow traits scored pre-farrowing ............................................... 52 

Table 4.3 Data characteristics for sow traits measured post-farrowing ........................................ 54 

Table 4.4 Data characteristics for sow traits scored post-farrowing ............................................. 55 

Table 4.5 Models fitted for each dependent variable in the univariate analyses.......................... 56 

Table 4.6 Least squares means for factors significantly (P<0.05) affecting sow traits before 

farrowing ........................................................................................................................................ 57 

Table 4.7 Least squares means for sow traits at farrowing............................................................ 60 

Table 4.8 Heritability (h2), permanent environment (pe2) and repeatability (r) estimates, for sow 

traits with phenotypic variance (σ2p) from single trait models, along with the model R2 ............ 63 

Table 4.9 Estimates of genetic correlations (rA, below diagonal) and phenotypic correlations (rP, 

above diagonal) between sow traits .............................................................................................. 68 

Table 4.10 Estimates of sow (permanent environment and genetic: rSOW, below diagonal) and 

residual (rE, above diagonal) effects between sow traits ............................................................... 71 

Table 4.11 Estimates of permanent environment of the sow (rPE), residual (rE), and phenotypic 

(rP) correlations between sow characteristics and the number of piglets weaned (NWEAN) ...... 73 

Table 4.12 Estimates of correlation between sow characteristics and the number of her own 

piglets that survived until weaning for genetic (rA), permanent environment of the sow (rPE) and 

residual (rE) effects along with the phenotypic correlation (rP) ..................................................... 75 

Table 5.1 Data characteristics for piglet attributes, averaged by birth litter ................................. 80 

Table 5.2 The significance of systematic effects fitted for each dependent variable in univariate 

analyses .......................................................................................................................................... 81 

Table 5.3 Least squares means for piglet traits averaged by litter ................................................ 84 

Table 5.4 Estimates of heritability (h2), permanent environment (pe2) and repeatability (r) with 

their standard errors (se) (all×100), for piglet attributes treated as a trait of the sow, with 

phenotypic variance (σ2
p) from single trait models, along with the model R2 .............................. 86 



xiii 
 

Table 5.5 Estimates of heritability (h2), phenotypic (σ2
p) and permanent environment (σ2

pe) 

variances, and repeatability (r) of total born (TB) and number born alive (NBA), with their genetic 

and phenotypic correlation with number survived (NSURV: rANSURV, rPNSURV) and number weaned 

(NWEAN: rPNWEAN) ........................................................................................................................... 87 

Table 5.6 Estimates of genetic (rA, below diagonal) and phenotypic (rP: above diagonal) 

correlations between piglet attributes .......................................................................................... 89 

Table 5.7 Estimates of sow (permanent environment and genetic: rSOW, below diagonal) and 

environmental (rE: above diagonal) effects between piglet attributes ......................................... 89 

Table 5.8 Estimates of phenotypic correlations (rP) between sow and piglet attributes .............. 91 

Table 5.9 Estimates of environmental (rE) effects between sow and piglet attributes ................. 91 

Table 5.10 Estimates of genetic correlations (rA) between sow and piglet attributes .................. 94 

Table 5.11 Estimates of sow (permanent environment and genetic, rSOW) effects between sow 

and piglet attributes ....................................................................................................................... 94 

Table 5.12 Genetic (rA), sow (permanent environment and genetic, rSOW), residual (rE) and 

phenotypic (rP) correlations between NSURV and piglet attributes .............................................. 95 

Table 6.1 Estimates of the additive (σ2
animal), common litter (σ

2
c), permanent environment of the 

sow (σ2
pe), additive maternal (σ

2
m), residual, and phenotypic (σ

2
p) variances, along with Log 

likelihood (LogL) values and change in LogL (ΔLogL). ................................................................... 103 

Table 6.2 Estimates of the sire (σ2
sire), litter (σ2

c), permanent environment of the sow (σ
2

pe), 

maternal (σ2
m), residual,, and phenotypic (σ

2
p) variances ........................................................... 105 

Table 6.3 Estimates of correlation between additive genetic (rA) and common litter effects (rC), 

along with the residual (rE) and phenotypic correlations (rP) between scored and continuous 

attributes ...................................................................................................................................... 107 

Table 6.4 Estimates of genetic (rA), litter (rC), environmental (rE), and phenotypic (rP) correlations 

between SURV and piglet attributes ............................................................................................ 108 

Table 6.5 Correlations between SURV and some piglets attributes at the piglet and sow level . 109 

Table 7.1 Characteristics of the data (N=630 piglets) .................................................................. 115 

Table 7.2 Systematic factors that are significant (P<0.05) for each dependent variable ............ 118 

Table 7.3 Pearson correlation coefficients between measured points (N=485) ......................... 119 

Table 7.4 Number of piglets and mortality rates for animals grouped by recorded temperature 

with the corresponding mean birth weight ................................................................................. 122 



xiv 
 

Table 7.5 Number of piglets and mortality rates for animals grouped by recorded temperature (2 

°C intervals) with the corresponding mean birth weights ........................................................... 123 

Table 8.1 Heritability (h2), repeatability (r), and the phenotypic variance (σ2
p) for sow traits, 

along with the economic value (v) ............................................................................................... 133 

Table 8.2 Genetic variance (σ 2
A) on the diagonal, with genetic (rA, below diagonal) and 

phenotypic (rP, above diagonal) correlations between sow traits ............................................... 134 

Table 8.3 Genetic variance (σ 2
A) on the diagonal, with genetic (rA, below diagonal) and 

phenotypic (rP, above diagonal) correlations between sow traits after bending ........................ 134 

Table 8.4 Sow traits considered in the selection index ................................................................ 135 

Table 8.5 Accuracy of selection for NSURV and the genetic response to selection for individual 

traits after one generation of selection ....................................................................................... 136 

Table 8.6 Accuracy of selection and genetic response to selection in individual traits after one 

generation .................................................................................................................................... 138 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xv 
 

List of Figures 

Figure 7.1 Anatomical locations measured: 1=BEAR_L; 2=BEAR_R; 3=TEAR_L; 4=TEAR_R; 

5=EYE_O; 6=AVCRL. ...................................................................................................................... 113 

Figure 7.2 Scatter plots of rectal temperature with IR temperature (red circles: piglets that died; 

blue circles: piglets that survived). ............................................................................................... 117 

Figure 7.3 Percentage of piglets which died by age of death (days) from birth to weaning. ...... 121 

Figure 7.4 A cold piglet (C) with low body surface IR temperature. ............................................ 124 

Figure 7.5 Cold air coming through the uncovered slatted metal floor of the farrowing pens. .. 125 

Figure 7.6 Body heat is conserved through huddling behaviour in low ambient temperatures. 126 

Figure 7.7 Cold or low ambient temperatures attract piglets to the sow. .................................. 128 

Figure 7.8 Distinguishing still births from piglets that died after birth. ....................................... 129 

Figure 7.9 Status of the sows’ mammary gland at farrowing. ..................................................... 130 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xvi 
 

List of Appendices 

Appendix 1: Recording sheet for the sow traits ........................................................................... 162 

Appendix 2: Udder score pre-farrowing ....................................................................................... 163 

Appendix 3: Sow-crate fit score .................................................................................................... 164 

Appendix 4: Udder score post-farrowing ..................................................................................... 165 

Appendix 5: Recording sheet for individual piglet traits for each litter ....................................... 166 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xvii 
 

List of Abbreviations 

ABWT  Average piglet birth weight 

ACTH  Adrenocorticotropin hormone 

AGIT  Agitation in response to human approach 

APGAR  Appearance, pulse, Grimace, Activity, Respiration 

APL  Australian Pork Limited 

ASREML Statistical software for fitting linear mixed models using restricted maximum 

likelihood 

AVEFI  Average lactation feed intake over the first seven days 

BF  Sow backfat 

BWT  Individual birth weight 

c2  litter variance 

CFIT  Sow-crate fit 

cm  Centimetres  

COLOS  Absence or presence of colostrum 

CR  Crushing 

CRUMP Crown to rump length 

CV  Coefficient of variation 

d  Day  

DPRC  Danish Pig Research Centre 

DR  Duroc 

FID13  Total lactation feed intake in the first 3 days 

FID17  Total lactation feed intake in the first 7 days 

FOS  Fostering status 

FPARITY Farrowing parity 

FTEAT  Number of Functional teats 

GEST  Gestation length 

GLM  General linear model 

GROWTH Growth rate 

h2  Heritability 

h2
direct  Direct heritability 

h2
maternal Maternal heritability 



xviii 
 

HS  Hampshire  

HYD  Hydration level 

I1  First incisor tooth on the upper mandible 

I1  First incisor tooth on the lower mandible 

IgG   Immunoglobulin G 

INCIS  Incisor eruption 

INT  Interval between transfer and farrowing days 

IUGR  Intra-uterine growth retardation  

kg  Kilogram  

LACT  Lactation length 

LESION  Incidence of shoulder lesion 

LG  Lean growth 

LGRP  Line group 

LOCO  Locomotion score of the sow 

LR  Landrace 

LSM  Least squares means 

LW  Large White 

LW-LR  Large White x Landrace crosses 

m3  metre cubic   

Max  Maximum 

Min  Minimum 

mm  millimetre  

MMA  Mastitis, Metritis, and Agalactia 

MORTBA Mortality of number born alive 

MS  Meishan 

MSTAIN Absence or presence of meconium staining 

MTONE Muscle tone 

MUMS  Mummified foetuses 

N  Number 

na   Not applicable 

NBA  Number born alive 

ne  Not estimated 



xix 
 

NERVE  Nervousness during piglet handling 

NDO  Number of piglets at day zero 

nr  Not reported (se of estimate >0.9) 

ns  not significant at P<0.05 

NW  Number weaned (Chapter 2) 

NWEAN Number of piglets weaned by the sow  

OR  Odds ratios 

P2  Measuring site for backfat 

P3  Third pre-molar tooth (upper mandible) 

P3  Third pre-molar tooth (lower mandible) 

P4  Fourth pre-molar tooth (upper mandible) 

P4  Fourth pre-molar tooth (lower mandible) 

P2110  Backfat thickness at 110 days of gestation 

pe2  permanent environment variance 

PCON  Piglet body condition 

PEYE  Absence or presence of bloodshot eyes 

PGTM   PrimegroTM Genetics 

PGRP  Parity group 

PINDEX Ponderal index 

PTEMP  Piglet rectal temperature 

R   An open source programming language  

R2  Variation in the dependent variable that is explained by the model  

r  repeatability 

rA  Genetic correlation 

rE  Residual correlation 

RESP  Respiration quality 

ROC  Republic of China 

rP  Phenotypic correlation 

rPE  Permanent environment of the sow correlation 

rSOW  Sow () correlation 

“_S”  Piglet attributes averaged by litter 

SB  Stillbirth 



xx 
 

SCOL  Skin colour 

SCON  Condition score of the sow 

SD   Standard deviation 

se  Standard error 

SEASON Season 

SEX  Piglets’ gender 

SEYE  Presence of bloodshot eyes in the sow 

SHIV  Absence of presence of shivering 

STEMP  Rectal temperature of the sow at farrowing 

SURV  Number of piglets that survived until weaning 

TACC  Teat accessibility  

TB  Total born 

TEAT  Total number of teats 

USCORE Udder score before farrowing 

USCOREF Udder score after farrowing 

WT110  Weight at 110 days of gestation 

YS  Yorkshire 

YS-MS  Yorkshire x Meishan crosses 

 

 

 

 

 

 

 

 

 

 

 



xxi 
 

Abstract 

A total of 1009 primi- and multiparous sows from two maternal (Large White and 

Landrace) and two terminal (Duroc and Large White) lines were recorded between early spring 

(N=494 sows) of 2009 and late summer (N=515 sows) of 2010. Approximately 84% of these sows 

farrowed within the experimental periods, producing 9133 piglets from 847 litters (610 sows). 

Both sow and piglet traits were recorded to investigate their associations with piglet survival 

until weaning, which was estimated from an inventory of individual piglet’s deaths.  

Using logistic regression, in addition to season, line, and parity effects, both sow and 

piglet attributes were identified that had significant phenotypic associations with individual 

piglet survival until weaning. It was important to consider the sow and piglet attributes 

simultaneously to identify factors associated with piglet survival. Important sow factors included 

health pre-farrowing, interval between transfer and farrowing dates, and teat access. Piglet 

factors included birth weight, rectal temperature, body condition, ponderal index, skin colour, 

respiration, muscle tone, shivering, hydration level, fostering status, and gender. 

The genetic basis of the traits recorded was examined to identify which traits were 

heritable and potential selection criteria. Estimates of genetic correlations between traits can 

then be used to identify consequences of selection. Sow traits that were heritable and showed 

favourable correlations with the number of surviving piglets (h2: 0.14±0.10) were gestation 

length (h2: 0.37±0.10) and number born alive (h2: 0.10±0.09). Most sow attributes recorded pre- 

and post-farrowing were not associated with piglet traits, including survival. The phenotypic 

correlations between the number of surviving piglets and gestation length or number born alive 

were 0.08±0.04 and 0.77±0.01, respectively. Number of piglets weaned was correlated with sow 

agitation levels, functional teats, or lactation feed intake at the phenotypic level. Therefore, the 

number of surviving and weaned piglets should be used to improve piglet survival using 

characteristics of the dam and nurse sow, respectively.  

Piglet attributes treated as traits of the sow included birth weight (h2: 0.30±0.12), crown 

to rump length (h2: 0.37±0.12), and incisor eruption (h2: 0.24±0.11). Heritability estimates for 

other physiological variables such as respiration, ponderal index, rectal temperature, body 

condition, meconium staining, shivering, bloodshot eyes, muscle tone, hydration level, and skin 

colour were low, very low, or non-existent. Birth weight was favourably correlated to all other 

piglet traits associated with piglet survival. Crown to rump length and the presence of shivering 

were not correlated with piglet survival. Correlations between sow traits and piglet attributes 
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were mostly very low, with the exception of gestation length, total born, and number born alive. 

Correlations between gestation length and piglets attributes were favourable for survival, but 

that between total born or number born alive with these piglet attributes were negative and 

unfavourable. 

Treating data as traits of individual piglets yielded similar results to treating data as 

traits of the sow. There were only five traits where there was reasonable evidence for an impact 

of the piglets own genes on the trait value. They were incisor eruption (h2: 0.56±0.10), shivering 

(h2: 0.17±0.07), ponderal index (h2: 0.09±0.03), crown to rump length (h2: 0.07±0.03), and rectal 

temperature (h2: 0.07±0.03). However, the majority of traits recorded on piglets have large 

maternal component confirmed by these analyses.  

Infrared thermography images were taken on a group of piglets with a handheld 

infrared camera to investigate its potential as a diagnostic to identify hypothermic piglets, which 

are more likely to die. Pearson’s correlation was used to compare the relationships between the 

infrared (IR) temperatures of six anatomical regions measured on the piglet and its rectal 

temperature. Correlations between the piglet’s rectal temperature and the average IR 

temperatures of the base of the ears (r: 0.85) or crown to rump region (r: 0.75) were very high, 

the IR temperatures of the tips of ears were poorly correlated (r: 0.27) with rectal temperature. 

The crown to rump length region was the more accessible of the two anatomical regions and 

could be used as an indicator of core body temperature. 

A simple examination of the usefulness of additional selection criteria to improve 

survival was conducted using selection index procedures. Based on the parameter estimates 

assumed, the addition of gestation length and the total number of teats increased response in 

piglet survival by approximately 90% over a basic index containing number born alive and birth 

weight alone. Considering their ease of recording, the use of number born alive, gestation 

length, and number of teats are recommended as selection criteria traits to improve piglet 

survival at weaning. Incisor eruption also showed the potential to increase selection response, 

but the cost of recording needs to be evaluated. 




