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Chapter 1 

General Introduction 

Pig breeding programs have been successful in achieving genetic progress in economically 

important traits (Canario et al. 2007a). Selection for some of these desired traits, however, have 

potential negative implications on the ability of the breeding sow to rear piglets and the quality 

of the piglet at birth.  

While litter size has increased in recent years, preweaning mortality of piglets born alive 

has also increased, making preweaning mortality a welfare and economic concern in most 

commercial production systems. Increases in litter size are accompanied by a larger variation in 

within litter birth weight, which is caused by an increasing number of small piglets in large litters 

(Wolf et al. 2008). Additionally, birth weight heterogeneity in larger litters’ results in competition 

between smaller and bigger piglets, with smaller litter mates potentially outcompeted, starved, 

and crushed to death.  

Direct selection on piglet survival is always difficult due to its low (0.03) heritability 

(Damgaard et al. 2003; Arango et al. 2006), but additive genetic variance for survival at weaning 

is large enough to exploit (Cecchinato et al. 2008). Piglet survival is influenced by the direct 

genetic effects of the piglet on its ability to cope and adapt to its extrauterine life, and the 

maternal genetic effects of the sow on its capacity to provide a favourable environment for 

piglet survival (e.g. see Arango et al. 2006; Su et al. 2008). From conception to birth, uterine 

environment of the sow determines the degree of pre-natal development of the foetus and its 

performance as the newborn piglet from birth to weaning (Père et al. 1997; Foxcroft et al. 2006).  

For the piglet, the birth process offers a whole new challenge (Pedersen 2008) and their 

status at birth is influenced, apart from the uterine environment, by the size of the litter and the 

parity of the sow. Sows with large litters and in older parities tend to have longer farrowing 

durations, exposing piglets to higher levels of oxygen deprivation in the process.  As a result, the 

viability of live-born piglets are reduced, often leading to death (Lay et al. 2002).  

Piglets are born with little energy reserve (Huo et al. 2003) and require adequate and 

early colostrum. The level of intake by the piglet and its availability are affected by both the 

physiology and behaviour of the sow and piglet. Therefore, it is critical to have a good 
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understanding of the sows’ and piglets’ physiology, behaviour, and environment around birth, 

which influences the survival outcomes for piglets.  

Thesis objective  

The main objective of this research was to investigate the genetic and non-genetic 

components of piglet survival in order to identify practical strategies to improve piglet survival. 

To achieve this, the impact of separate sow and piglet components on piglet preweaning 

mortality were investigated. 

Thesis outline 

This thesis places emphasis on factors affecting piglet survival until weaning, termed pre-

weaning mortality. Pre-weaning mortality is defined as the mortality that occurs in live-born 

piglets prior to weaning. The research is based on data recorded by the author on 9133 piglets 

from 610 sows (847 litters) of mixed parity recorded in two separate time periods at a single 

location. Chapter 2 contains the literature review. The results derived from the data recorded 

are presented in Chapters 3 to 8.  

In Chapter 3, logistic regression was utilised to ascertain if the binary trait of piglet 

survival until weaning was associated with specific piglet and sow attributes. Separate models 

were used to determine significant factors. The relative survival rates were indicated by the 

Odds-Ratio (OR) for each factor level, which was expressed relative to the reference (lowest) 

level within each factor, with OR of 1.0. 

Chapter 4 investigated genetic parameters for pre- and post-farrowing characteristics of 

the sow and the survival of their own and nursed piglets until weaning. These involved the 

estimation of the heritability, genetic and phenotypic correlations of the sow traits pre- and 

post-farrowing, and between these traits and preweaning survival. 

Chapter 5 was aimed at determining the genetic and phenotypic associations between 

the piglets’ characteristics at birth and their survival while being treated as traits of the sow, 

using the general linear model (GLM).  

This was compared to estimates for the underlying distribution using the probit link 

function in Chapter 6. Further, this chapter was aimed to determine if knowing information at 

the piglet level would alter the genetic or phenotypic correlations between traits. 

In Chapter 7, the usefulness of thermal imaging as an early diagnostic tool to identify at 

risk piglets was investigated. General linear models were employed for the purpose of 



3 
 

investigating the effects of farrowing week, line and parity group, and sex on infrared 

temperatures of certain anatomical regions (traits) of the piglet. Further, Pearson’s correlation 

was used to determine the strength of relationships between those traits.  

The aim of Chapter 8 was to investigate whether the addition of extra information into 

the current selection criteria would improve the response to piglet survival. The traits used were 

those that showed favourable correlations with piglet survival in the previous Chapters.  

Chapter 9 presents the conclusions, which draw together all the work described in all the 

chapters. 
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Chapter 2 

Literature review 

2. Introduction 

Strategies to improve piglet survival until weaning have been investigated in recent years 

(Andersen et al. 2009; Roehe et al. 2009) in an effort to not only improve the economic success 

of pig producers (Hellbrügge et al. 2008b) but also to enhance the general welfare status (Roehe 

et al. 2009) of pig production. 

Losses of up to 35% of newborn piglets have been reported (Tyler et al. 1990; Alonso-

Spilsbury et al. 2007). In Australia, the preweaning mortality rate of piglets born alive stands at 

14% (APL 2009-2010), which is slightly higher than the value of 12% recorded in British pig herds 

(KilBride et al. 2012) but lower than the preweaning mortality rate of 16% for the Danish herds 

(DPRC 2010). Most of the mortality occurs within the first three weeks of life (Alonso-Spilsbury et 

al. 2007), with more than 50% of deaths occurring in the first three (Dyck and Swierstra, 1987), 

four (English and Morrison 1984) or five (Arango et al., 2006) days after birth. Of these deaths, 

between 70 to 80% are caused by starvation and crushing (English and Morrison 1984).  

Differences in the farrowing environment (Edwards 2002) and animal genotype (Arango 

et al. 2006; Hellbrügge et al. 2008b; Su et al. 2008) have been recognised as contributing factors 

to piglet mortality rates. Rauw et al. (1998) argued that intense selection for high production 

efficiency in previous years has put animals more at risk of behavioural, physiological and 

immunological problems. This chapter will present an overview of separate sow and piglet 

attributes, along with their genetic contributions that are associated with piglet survival until 

weaning. 

2.1 Sow attributes 

There are three key reasons why sow attributes might be important for piglet survival. 

Firstly, piglet survival has been shown to be influenced by both direct and maternal genetic 

effects, with maternal genetic effects mostly determining the quality of piglets at birth (Knol et 

al. 2002b) and their subsequent survival. Secondly, newborn piglets are completely dependent 

on the sow for colostrum and milk, but at the same time the sow poses as the greatest risk 
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factor (example: crushing and mismothering) to their survival (Grandinson et al. 2003), especially 

in their first few days of life. Thirdly, ongoing selection to improve both the production and 

reproduction traits such as lean growth, feed efficiency and litter size (Canario et al. 2007a) has 

brought even greater demands on the breeding sow (Bunter 2010). With these in view, 

examining the pre- and post-farrowing attributes of the sow could provide avenues to improve 

preweaning survival through maternal influences, which are important for the survival and 

growth of the piglet throughout the lactation period (Grandinson 2005). 

2.1.1 The gestating sow 

The reproductive efficiency and genetic ability of the breeding sow determine the extent 

of success of the whole production system (Pluske et al. 2005; Ball et al. 2008). Much of the 

lifespan of the breeding sow is spent pregnant. 

2.1.1.1 Litter size and birth weight 

Sow performance is usually measured by the number of piglets weaned during the sows’ 

life and higher litter size per farrowing becomes important (England 1986; Lund et al. 2002). As 

the result of an intense selection for increased litter size in the last decade, the number of piglets 

born has increased but of concern is the corresponding increase in the number of small piglets 

and associated increases in preweaning mortality. Heritability estimates for litter size traits (total 

born and number born alive) as reviewed by Rothschild and Bidanel (1998) were low and similar, 

but the genetic variances are large enough to provide substantial improvement through 

breeding (see review by van der Lende et al. 2002). For example, the average litter size of born 

alive in Danish sows is currently 15.3 piglets with a standard deviation of 3.5 piglets, following 

almost 20 years of selection (Bjerre et al. 2010).  

To increase litter size has some negative consequences on the piglet at birth. Studies 

have shown that litter size and piglet birth weight are mostly traits of the sow which are 

negatively correlated (e.g see Kerr and Cameron 1995; Roehe 1999; Grandinson et al. 2002; 

Rydhmer et al. 2008). The unfavourable relationship between these two traits results in an 

increase in the number of low birth weight piglets in large litters (Damgaard et al. 2003; Rosendo 

et al. 2007); the phenotypic correlation between the two traits is generally of the same 

magnitude and direction as their genetic correlation (Rosendo et al. 2007).  
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Therefore, piglets from larger litters are characteristically smaller or lighter at birth, which is 

generally associated with lower viability or vigour (Leenhouwers et al. 1999; Knol et al. 2002a; 

Lay et al. 2002; Quesnel et al. 2008). The unfavourable association between litter size and birth 

weight is accompanied by the moderately positive (unfavourable) genetic correlations (Table 

2.1) between number born alive and the number of piglets crushed as reported by Hellbrügge et 

al. (2006) and Gäde et al. (2008). Genetic correlations between birth weight and crushing are 

mostly negative (Grandinson et al. 2002; Hellbrügge et al. 2008a), suggesting that crushing 

increases with decreasing birth weight and results in increased rate of mortality. The incidence 

of crushing, on the other hand, is reduced when litter size is standardised (Milligan et al. 2002). 

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 

Combination Breed 
Heritabilities 

rA rP Reference 
Trait 1 Trait 2 

NBA, ABWT YS 0.12±0.04 0.39±0.05 -0.30±0.14 - (Damgaard et al. 2003) 
 LW 0.16±0.01 0.36±0.02 -0.45 -0.40 (Rosendo et al. 2007) 

NBA, CR LR 0.10±0.04 0.04±0.02 0.47±0.19 - (Hellbrügge et al. 2006) 
 LW, LR 0.07±0.00 0.03±0.01 0.30±0.06 - (Gäde et al. 2008) 

Rosendo et al. (2007) stated that the standard errors for rA and rP ranged from 0·04 and 0·19. 

Piglet weight and viability at birth play significant roles in piglet survival. Work by Gardner 

et al. (1989) showed a much lower survival rate (32%) of lighter piglets (< 0.8 kg) when 

compared to the survival rate (97%) of their heavier (2.0 kg) counterparts. Heavier piglets at 

birth fight more successfully at the udder for teat access and suckle more frequently than their 

lighter littermates, increasing their chances of survival (Grandinson et al. 2002). In contrast to 

selection practices (e.g. higher litter size) which decrease BWT, selection for lean growth leads to 

an increase in piglet weight at birth (Grandinson et al. 2002; Hellbrügge et al. 2008a). According 

to Kerr and Cameron (1995), the preweaning mortality rate of piglets born to lean sow lines 

were still high despite their higher birth weight. One of the major reasons found by Herpin et al. 

(1993) when comparing different sow lines was that piglets born to lean sows were less mature 

due to their relatively low level of body fat.  

2.1.1.2 Variability in birth weight and uterine capacity 

Increasing litter size has also increased the variation of birth weight within a litter, which 

has been regarded as an important factor influencing piglet survival (Le Dividich 1999; Damgaard 
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et al. 2003). The increase in variability of birth weight within litter is due to the increase in the 

proportion of piglets with low rather than high birth weight (Quiniou et al. 2002).  According to a 

review by Le Dividich (1999), low birth weight piglets are usually depleted in energy reserve, 

highly sensitive to cold, and disadvantaged at the udder during suckling. As a result, low birth 

weight piglets are less viable and more prone to starvation, hypothermia, and crushing.  

The increasing number of small piglets in large litters has been attributed to a decrease in 

uterine space per piglet during gestation (Milligan et al. 2002; Vallet et al. 2002). Foetal growth 

in the uterus is known to be a complex process that is controlled by the sows’ genetic, 

epigenetic, environmental factors, maternal maturity, and the piglet itself (Wu et al. 2006). 

These factors determine placental efficiency (calculated as the ratio of the piglets’ birth weight 

to placental weight) of the sows, blood flow, and availability of nutrients to the foetuses. Vallet 

(2000) reported that when the number of conceptuses in the sows’ uterus was increased, 

further embryonic losses were observed, especially in late gestation due to intrauterine 

crowding. Foxcroft et al. (2006) and Wolf et al. (2008) also found an increase in within-litter 

variation in foetus size which compromises growth and development, leading to higher post-

natal mortality. This is in contrast to Meishan sows which can conceive and carry to term higher 

and more homozygous litters with lower embryo loss, which is attributed to higher placental 

efficiency (Bazer and First 1983).  

2.1.1.3 Gestation length 

A considerable part of the piglet’s development comes about in the last few days of 

gestation (Rydhmer et al. 2008). However, gestation length is influenced by both the genotype of 

the piglets and that of the sow (Table 2.2). The process of farrowing is preceded by hormonal 

changes in the sow, but the foetus is known to initiate the endocrinal series of activities, in 

response to increasing physiological stress (see review by Jenkin and Young 2004). This has been 

supported by the fact that large litters are generally born earlier than small litters (Sasaki and 

Koketsu 2006; Rydhmer et al. 2008), and twin lambs (Osinowo et al. 1993), calves (Philipsson 

1976) or human infants (Record et al. 1952) are born earlier than their single contemporaries. 
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Table 2.2 Literature estimates of maternal (maternal) and direct (direct) heritabilities (h2) for gestation 

length 

h2
maternal h2

direct Breed Reference 

0.44±0.05 - LW, LR, DR (Hermesch 2001a) 
0.24±0.05 - LW (Nguyen et al. 2007) 

0.19 0.33 YS (Rydhmer et al. 2008) 
0.19 0.31 YS (Rydhmer et al. 2008) 
0.33 0.31 YS (Rydhmer et al. 2008) 

Rydhmer et al. (2008) did not provide standard errors as they were large. 

Low and positive (favourable) maternal genetic correlations exist between gestation 

length and birth weight or growth (Table 2.3), implying that longer gestation would increase 

piglet birth weight. In addition, gestation length has negative maternal genetic correlations with 

stillbirths or mortality of piglet born alive, suggesting a lower incidence of piglet death in litters 

with longer gestation length, particularly after birth.  

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 

Gestation length, Breed h2
 (maternal) rA(maternal) Reference 

SB YS 0.13 -0.07 (Rydhmer et al. 2008) 
 LR - 0.04 (Hanenberg et al. 2001) 
MORTBA YS 0.09 -0.77 (Rydhmer et al. 2008) 
BWT YS 0.35 0.13 (Rydhmer et al. 2008) 
GROWTH YS 0.25 0.04 (Rydhmer et al. 2008) 

The authors did not provide standard errors, as they were large.  

2.1.1.4 Farrowing process 

Farrowing marks the end of gestation and poses a serious physical challenge for both the 

sow and the piglet (Alonso-Spilsbury et al. 2005). According to the literature, between 4 to 10% 

of the total number of piglets born die during farrowing (Dyck and Swierstra 1987; Lay et al. 

2002). Most of these pre-natal deaths (70 to 90%) occur during the birth process, with the 

remaining shortly before and after parturition (English and Morrison 1984).  

Stillbirth is mostly associated with oxygen deprivation (hypoxia) during farrowing and is 

quite common in large litters (Alonso-Spilsbury et al. 2005; van Dijka et al. 2005; Oliviero et al. 

2010). Several authors have reported an increase in the rate of stillbirths as farrowing duration 

increases (e.g. Bille et al., 1974 cited by Lay et al. 2002;  Friend et al., 1962 cited by Alonso-

Spilsbury et al. 2005). While longer farrowing duration has also being attributed to poor 

farrowing environment (Oliviero et al. 2010), low but significant estimates of heritabilities (h2 
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range: 0.05 to 0.10) have been reported by several authors (Holm et al. 2004; Canario et al. 

2006b), suggesting a possible genetic component underlying this trait. Further, Canario et al. 

(2006b) reported moderate and significant (unfavourable) genetic correlations between 

farrowing duration and total number born (0.34), number (0.42) or proportion (0.49) of 

stillbirths. The relationships between farrowing duration and these traits imply that higher litter 

size causes longer farrowing, resulting in an increase in stillbirths. Phenotypic correlations 

between farrowing duration and these traits were the same direction but relatively lower 

magnitude (range: 0.12 to 0.22) compared to genetic correlations.  

All piglets are exposed to some degree of oxygen deprivation during birth through normal 

uterine contraction. However, cessation of breathing for up to 3 minutes, due to the rupture of 

the umbilical cord, is not uncommon for piglets in large litters that are born towards the end of 

farrowing (Alonso-Spilsbury et al. 2005). Those that survive the ordeal would likely have reduced 

postnatal viability (Lay et al. 2002).  

In some cases, piglets that suffer from acute hypoxia in utero are often covered in 

meconium (Spicer et al. 1990; Castro-Na´ jera et al. 2006). Hypoxia increases peristalsis in the 

intestine and relaxes the anal sphincter tone, leading to the expulsion of meconium into the 

amniotic fluid and the staining of the piglet’s skin (Mota-Rojas et al. 2006). When investigating 

the morphological changes in the lungs of meconium stained piglets (n=353 sows), Castro-Na´ 

jera et al. (2006) reported that meconium staining was a good indicator of premature rupture of 

the umbilical cord, but did not show any association with neonatal mortality. In contrast, Mota-

Rojas et al. (2006) studied the effects of administering oxytocin through different routes 

(intramuscular, intravulvar, and intravenous) on myometrial activity, foetal intrauterine hypoxia, 

and postnatal asphyxia in crated farrowing sows (n=300) and found a high association between 

meconium staining and stillbirths. The difference seen between the two studies could be 

attributed to the use of oxytocin to manage parturition; it is known to decrease blood flow, 

leading to hypoxia in neonatal piglets due to rapid uterine contractions (Mota-Rojas et al. 2006).  

2.1.2 Nurse sow characteristics 

Apart from the maternal effect of the sow on litter size and piglet quality at birth, the 

nurse sows’ effect on the piglets’ performance is also important (Knol and Bergsma 2004). 

However, in many cases, the biological dam rears the majority of their own piglets, making the 

role of the dam to be potentially indistinguishable from that of the nurse sow (Knol et al. 2002a). 
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Nurse sow and piglet attributes will be confounded, since piglets not only inherit half their genes 

from their dam, but they also share the common environment provided by the nurse sow litter. 

Reducing this confounding can only be achieved by cross fostering piglets across sows. 

2.1.2.1 Body composition 

Modern pigs have increased growth rate and decreased backfat thickness (Grandinson et 

al. 2005). These are considered to be desirable characteristics in the slaughter pig and the 

success in selecting for these traits is due to their moderate heritabilities (Table 2.4). However, 

selection for these traits have also affected the breeding herd, such that the modern sow is 

larger and leaner at the time of mating (Bunter 2010). Sows also continue to grow well beyond 

their first parity (Bunter et al. 2009b; Moustsen et al. 2011) and therefore compete for nutrients 

for their own growth against the developing foetus at gestation and milk production during 

lactation (Bunter et al. 2009b). 

Table 2.4 Literature estimates of heritabilities sow composition pre-farrowing 

Sow attributes Heritability Breed Reference 
Sow weight  0.19±0.05 YS (Grandinson et al. 2005) 

 0.28±0.05 LW-LR,PGTM (Bunter et al. 2009b) 
 0.35±0.09 LW, LR, DR, LW-LR (Hermesch 2010) 

Backfat thickness 0.48±0.04 YS (Högberg and Rydhmer 2000) 
 0.47±0.05 YS (Grandinson et al. 2005) 
 0.37±0.05 LW, LR, PGTM (Bunter et al. 2009b) 
 0.23±0.07 LW, LR, DR, LW-LR (Hermesch 2010) 

Chen et al. (2003) did not provide standard errors of h2 for lean growth but mentioned that they 

ranged from 0.01 to 0.02. 

In addition, the energy demands of the breeding sow are not always met by voluntary 

feed intake, resulting in a substantial loss of body reserves during lactation (Bunter 2010) and 

poor subsequent reproductive function (Grandinson et al. 2005). With the continuing effort to 

improve piglet survival, the lactating sow is expected to produce sufficient milk and this would 

require adequate body reserves at farrowing and high voluntary feed intake during the lactation 

period (Grandinson et al. 2005; Bunter 2010).  

The genetic correlations (Table 2.5) between backfat and number born alive across the 

four breeds are similar (range: 0.18-0.20) and positive (Mote et al. 2000; Chen et al. 2003; 

Bunter 2010). Estimates of genetic correlation between backfat and number weaned were 

relatively low or close to zero (range: 0.0-0.01), in agreement with Bunter et al. (2010). The 
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relatively lower genetic associations between backfat and number weaned shown could be 

attributed to cross fostering, a common management practice to reduce preweaning mortality. 

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

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

Combination Breed 
Heritabilities (h2) 

rA References 
Trait 1 Trait 2 

Backfat, NBA LW,LR 0.37±0.02 0.08±0.02 0.17±0.08 (Mote et al. 2000) 
 LW,LR 0.30±0.04 0.03±0.02 0.20±0.20 (Mote et al. 2000) 
 YS 0.50 0.10 0.19±0.02 (Chen et al. 2003) 

 DR 0.50 0.08 0.18±0.03 (Chen et al. 2003) 
 HS 0.47 0.08 0.18±0.03 (Chen et al. 2003) 
 LR 0.50 0.07 0.20±0.04 (Chen et al. 2003) 
 LW,LR 0.38 0.09 0.09 (Bunter et al. 2010) 

Backfat, NW YS 0.50 0.05 0.01±0.03 (Chen et al. 2003) 
 DR 0.50 0.07 0.01±0.04 (Chen et al. 2003) 
 HS 0.47 0.05 0.00±0.04 (Chen et al. 2003) 
 LR 0.50 0.05 0.01±0.05 (Chen et al. 2003) 

The authors did not provide standard errors for some estimates. 

2.1.2.2 Sow behaviour 

The sows’ behaviour has significant consequences for the survival of her piglets and 

understanding how the sow responds to its farrowing environment is essential (Velie et al. 

2009). Many behavioural tests have been developed with highly variable results (Hemsworth et 

al. 1990; Grandinson et al. 2003; Vangen et al. 2005), but quantifying the sows’ different 

behaviours is necessary as it would provide insight into the welfare of both the sow and piglet 

(Velie et al. 2009). 

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

Sow attributes Heritability (h2) Breed Reference 
Fear of humans  0.08±0.04 YS (Grandinson et al. 2003) 

 0.14±0.07 LR, YS  (Vangen et al. 2005) 
 0.17±0.07 LR, YS  (Vangen et al. 2005) 

Responsiveness to piglet handling 0.01±0.01 YS (Grandinson et al. 2003) 
 0.16±0.07 LR, YS (Vangen et al. 2005) 
 0.12±0.06 LR, YS (Vangen et al. 2005) 

Responsiveness to piglet screaming 0.06±0.03 YS (Grandinson et al. 2003) 
 0.16±0.07 LR, YS  (Vangen et al. 2005) 
 0.12±0.12 LR, YS (Vangen et al. 2005) 

Aggression towards human 0.08±0.06 YS (Grandinson et al. 2003) 
 0.11±0.07 LR, YS (Vangen et al. 2005) 

 



12 
 

Behavioural attributes such as responsiveness towards piglet handling or screaming, and 

fear of and aggression towards humans have been reported to influence piglet survival 

(Hemsworth et al. 1990; Grandinson et al. 2003; Vangen et al. 2005). Studies have shown that 

there is large variation between sows and breeds in how they behave, which might reflect an 

underlying genetic component (Hutson et al. 1993). Several authors (Table 2.6) have shown that 

the heritability estimates of the sows’ fear of humans (range: 0.08-0.17), responsiveness to 

piglet handling (range: 0.01-0.16) or screaming (range: 0.06-0.16), and aggressiveness towards 

humans (0.08-0.11) were low (Grandinson et al. 2003; Vangen et al. 2005), indicating the 

possibility of improving these behaviours through selection. However, selection for change to 

sow behaviour is only beneficial if this is associated with outcomes.  

In comparison to heritability estimates reported by Grandinson et al. (2003), estimates of 

heritability reported by Vangen et al. (2005) for the behavioural traits were higher. According to 

Vangen et al. (2005), the higher heritability for sow behavioural traits could be attributed to 

their procedures, which included a longer observation period allowing greater discrimination 

amongst sows. Both populations and procedural differences might be important for behavioural 

attributes. 

Fear of humans can be associated with rough handling by stockmen, particularly during 

routine procedures (Claxton 2011). Several authors have shown that farm animals with previous 

hostile or painful experience are inclined to avoid human interaction and tended to have 

depressed reproductive performance (Hemsworth et al. 1981; Hemsworth et al. 1990; Rushen et 

al. 1999). Hemsworth et al. (1989) suggested that about 20% of the variation in reproductive 

performance across pig farms was due to variation amongst farms in fear of humans, but many 

other factors differ between farms so this statement is questionable. 

Estimates of genetic correlations (Table 2.7) between fear of humans and piglet mortality 

(0.37) or the extent of crushing (0.27) were positive and moderate, indicating that selection for 

lower levels of fear will decrease piglet crushing and increase the survival rate (Grandinson et al. 

2003). Low and negative genetic correlations also existed between responsiveness to piglet 

screaming and piglet mortality (-0.24) or crushing (-0.16), which suggested that sows with 

responsive behaviour towards piglet screaming would have lower crushing and higher survival 

rates for this piglets. However, heritability estimates are low, implying that improving this trait 

through selection is difficult.   
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Table 2.7 Literature estimates of heritabilities for sow behaviours along with the genetic (rA) 

correlations between these attributes and piglet mortality or crushing 

Combination Breed 
Heritabilities (h2) 

rA 
Trait 1 Trait 2 

Fear of humans, mortality YS 0.08±0.04 0.03±0.02 0.37±0.34 
Fear of humans and crushing YS 0.08±0.04 0.04±0.02 0.27±0.34 
Aggression to humans, mortality YS 0.08±0.06 0.03±0.02 0.01±0.04 
Aggression to humans, crushing YS 0.08±0.06 0.04±0.02 0.03±0.37 
Responsiveness to piglet screaming, mortality YS 0.06±0.03 0.03±0.02 -0.24±0.31 
Responsiveness to piglet screaming, crushing YS 0.06±0.03 0.04±0.02 -0.16±0.32 

Source: Grandinson et al. (2003). 

2.1.2.3 Mammary glands 

Early and sufficient intake of colostrum is critical for piglets to support their energy 

reserves for heat production and for the development of the immune system to help prevent 

infections (Le Dividich et al. 2005). Colostrum and milk intake depends not only on the piglet's 

ability to extract them, but also on the ability of the sow to sufficiently provide for the whole 

litter (Farmer and Quesnel 2009). Factors that could possibly influence the sows’ ability are the 

level of mammary development during gestation (Farmer and Quesnel 2009). This aspect of sow 

development is important since litter size is uncorrelated with colostrum production, but piglets 

born towards the end of farrowing, especially in large litters, normally get less colostrum 

(Devillers et al. 2007).  

Mammary development during gestation and immediately after farrowing have been 

described to contribute to the milking capacity of the sow, affecting growth and survival of the 

piglet (Kim et al. 1999; Kim et al. 2000; Ji et al. 2006; Kim and Wu 2009). According to these 

authors, the number of secretory cells in a gland determines milk yield, making the 

characterisation of the mammary gland important in understanding milk production in the sow. 

Genetic parameters for the sows’ mammary development were not found but variation in size, 

milk yield, and growth rate is well documented (Kim et al. 2000).  

2.1.2.4 Teat numbers 

With increased sow prolificacy, total teat number and number of functional teats are 

significant for the sows’ effectiveness as a mother (Mackay and Rahnefeld 1990; Marois and 

Larochelle 2008). Fraser (1990) reported that competition for teats between newborns in the 

first few hours and days after birth is thought to have a major effect on preweaning growth and 

survival. While most piglets establish ownership of a particular teat or teats, others with low 
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birth weight may die or only survive through opportunistic suckling of shared teats (Beymon, 

1997 cited by English and Bilkei 2004). Therefore, an increased number of functional and 

accessible teats on sows are crucial to decrease losses of piglets through starvation.  

In most pig breeding operations, teat characteristics in both sexes are used as selection 

criteria, with numbers typically ranging from around 12 to 14 functional teats in sows selected to 

be parents (Nakavisut 2006; Jonas et al. 2008). Clayton et al. (1981) reported a mode of 14 for 

the total teat number in Large White and  British Landrace populations. Higher teat numbers 

were recorded by Haley et al. (1995) for Meishan (average: 17 teats) and Large White x Meishan 

cross (average: 16.2 teats ) sows. Work by several authors (Enfield and Rempel 1961; Smith et al. 

1986; Brjar et al. 1993; Marois and Larochelle 2008) have reported estimates of heritability 

ranging from 0.10 to 0.38 for total teat count and 0.30 for functional teats. Further, Marois and 

Larochelle (2008) reported a high estimate of genetic correlation (0.83) between total and 

functional teats, suggesting that selecting gilts with a higher number of teats in total is important 

in order to have a higher number of functional teats later as sows. 

2.2 Management and environment 

2.2.1 Cross fostering 

Cross-fostering is a common management practice aimed at homogenising piglet number 

and size between litters of the same age to increase piglet survival by reducing competition (e.g. 

Lay et al. 2002; Casellas et al. 2004a; Devillers et al. 2007; Cecchinato et al. 2008). This would 

only effectively reduce competition if it is done strictly according to the number of functional 

teats of the nurse sow and the weight of the piglets. Moreover, moving piglets can equate to 

moving pathogens and should only occur after piglets have ingested colostrum. Benefits of (or 

lack thereof) cross fostering has been reported by several authors, especially for small piglets 

(English and Morrison 1984). 

A reduction of up to 40% in mortality has been reported by English et al. (1982) when 

piglets were cross fostered to achieve homogeneity in birth weight. Other authors who found an 

increase in survival rate of fostered piglets have also supported this (Milligan et al. 2001; Lay et 

al. 2002; English and Bilkei 2004). Generally, small piglets are disadvantaged by failing to 

consistently suckle and/or own any teat (English and Morrison 1984), resulting in starvation, 

poor growth, and death (Herpin et al. 1996). However,  Neal and Irvin (1991) and Hermesch et 
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al. (2001) argued that cross fostering of small piglets even within the first 48 hours could still 

lead to weight and piglet loss at weaning, and recommended cross fostering of heavier and 

vigorous piglets instead. In contrast, several authors have reported that piglets of resident litters 

where piglets are fostered to also suffer from poor growth compared to piglets that were not in 

any way affected by cross fostering (Price et al. 1994; Robert and Martneau 2001). 

Of significance is the time at which cross fostering is to be done. Various cross fostering 

procedures have been adopted (Straw et al. 1998b; Beymond, 1997 as cited by English and Bilkei 

2004), but the general conclusions indicate that piglets that are going to be fostered should have 

adequate intake of colostrum before or after being moved. Some have suggested that cross 

fostering should be done within the first few days or hours after birth (Svendsen 1992; Straw et 

al. 1998b; Robert and Martneau 2001) or early postnatal period (Lay et al. 2002). More 

specifically, Devillers et al. (2007) and Bandrick et al. (2011) reported that the majority of piglets 

were able to obtain colostrum in the first 6 hours from birth. Therefore, fostering earlier than 

this may be detrimental. Work by Bandrick et al. (2011) when investigating the effect of cross 

fostering on the transfer of maternal immunity to piglets, also showed that piglets have to be 

maintained on their dams for at least 12 hours postpartum for an effective transfer of maternal 

immunity. This is about the approximate time immunoglobulin IgG is fully absorbed by the 

piglet’s immune system (Lay et al. 2002), suggesting that the piglet would be able to replenish its 

energy reserves and  activate its immune system before being cross fostered.  

An important factor also to consider in cross fostering is the teat order. Robert and 

Martineau (2001) suggested that in order to minimise disruptions in newly formed litters, cross 

fostering should be completed before the teat order is stabilised, which has been reported in 

several studies to vary from six (Hemsworth et al. 1976), seven (Rosillon-Warner and Paquay 

1984), to nine (Winfield et al. 1974) days after birth. These authors reported that cross fostering 

at one week after birth disrupted teat order and suckling of the whole litter and reduced the 

weight gain of fostered piglets. Fostering of piglets one week after birth is not uncommon and 

has been shown to reduce instead of increasing weight gain of piglets (Horrell and Bennett 

1981).  

Repeated cross fostering, even though it is not widely recommended, is seemingly 

common in many farrowing units (Robert and Martneau 2001): a practice that has been 

implicated in spreading and/or keeping a continuous cycle of pathogen transmission in farrowing 

facilities (e.g. McCaw et al., 1996 as cited by Robert and Martneau 2001). According to Robert 
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and  Martneau (2001), repeated or continuous cross fostering increases preweaning mortality 

and post-weaning infections. Like late cross fostering, repeated or continuous cross fostering of 

piglets throughout lactation leads to a reduction in weaning weights relative to piglets fostered  

within the first 48 hours after birth (Straw et al. 1998a). 

2.2.2 Farrowing crates 

Preweaning mortality is also known to be affected by interactions between the piglet and 

its environment, which is mostly provided by the sow (Le Dividich and Herpin 1994), but also 

influenced by its physical environment. In a crate farrowing system, sows are restricted in 

movement and unable to perform normal nesting and mothering behaviours before, during, and 

after farrowing (Lawrence et al. 1994). Moreover, the size of the breeding sow has increased 

dramatically in recent years due selection for lean growth, while the sizes of both the gestation 

and farrowing crates have often remained the same (McGlone et al. 2004). Gestating and 

farrowing crates were developed to maximise the number of animals kept per unit area and to 

decrease average piglet mortality from farrowing to weaning (Marchant et al. 2001). 

Nevertheless, these improvements have restricted the sow from carrying out some important 

mothering behaviour pre- and peri-partum that contribute to the welfare and survival of her 

litter (Marchant et al. 2001; Karlen et al. 2007). Therefore, farrowing crates are primarily seen to 

affect the traits of the sow.   

Confinement of the sow contributes to low muscular fitness (Schenck et al. 2008); a 

factor that may increase the sows’ difficulty in walking, standing, and lying down (Bonde et al. 

2004). According to Fukawa and Kusuhara (2001), length of confinement period is positively 

correlated to the degree of sow lameness due to joint damage and leg weakness, affecting its 

agility (Schenck et al. 2008). Sow lameness is normally linked to uncontrolled lying-down 

behaviour (Bonde et al. 2004) and can contribute to piglet crushing (Marchant et al. 2001; Lay et 

al. 2002). Heritability estimates of sow lameness range from 0.16 to 0.33 (e.g. Gregory and 

Grandin 2007), providing some opportunities to select against the trait. Several authors have 

reported unfavourable associations between sow lameness and early piglet mortality; however, 

no genetic or phenotypic correlations are available between these traits. Low muscular fitness 

also results from confinement and contributes to longer farrowing durations (Ferket and Hacker 

1985) and piglet hypoxia. 
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Restriction of movement in the farrowing crate can also cause frustration and stress 

(Manteca et al. 2009). Behavioural signs of stress involves a high level of posture changing during 

and after farrowing, increasing the likelihood of piglet crushing (Thodberg et al. 1999). Further, 

sows spend more time lying on their belly (ventral lying) and tend to terminate nursing bouts 

prematurely (Boyle et al. 2002; Illmann et al. 2008). According to Varley (1995), these sows are 

mostly affected by poor milk letdown and lactation yield.  

Crushing of piglets by the sow is mostly caused by lying down from standing position and 

rolling from lying on the udder to lying on the side (Weary et al. 1998; Andersen et al. 2005; 

Damm et al. 2005). It is not uncommon that some piglets would be caught and crushed between 

the lower horizontal bar and the sow, which according to  Parfet et al. (1989) is most common in 

the first day of farrowing. However, they reported that the frequency of this event is relatively 

low. Nevertheless, farrowing crate design can be an important factor for piglet survival rate.  

2.3 Piglet attributes 

Preweaning survival is also affected by attributes of the piglet (Roehe et al. 2009) and a 

better understanding of these factors is necessary. However, the direct genetic effects of 

individual piglet attributes are relatively poorly studied because typical data structures do not 

facilitate obtaining accurate estimates of effects from all sources (i.e. sow versus piglet).   

2.3.1 Recording of piglet traits 

Recording of individual piglet traits have been widely regarded as demanding under 

practical conditions (Roehe 1999). Evidently, more work is required to individually identify 

piglets and record traits. Therefore, recording of certain piglet traits such as average birth weight 

is widely accepted since it only requires the recording of the number and weight of the whole 

litter; something that cannot be done for individual behavioural and physiological traits. 

Moreover, it is mostly a trait of the sow. 

Nevertheless, other individual piglet traits also have been explored (Varona et al. 2005). 

For example, Herpin et al. (1993) pointed out that selection to improve production traits has 

negatively affected the metabolic, hormonal, and body composition of the piglet at birth, which 

have affected its survival. Survival analysis by Casella et al. (2004a) showed that piglet survival is 

affected by several systematic influences that are related to birth weight, thermoregulation, and 
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injuries sustained in the gestating and farrowing periods. As such, exploring other piglet 

attributes at birth that might improve survival is necessary. 

Many authors have studied the effects of individual piglet birth weight, birth order, time 

to first udder contact or suckling, and thermoregulation on survival (for details, see Tuchscherer 

et al. 2000; Casellas et al. 2004a; Casellas et al. 2004b; Castro-Na´ jera et al. 2006; Baxter et al. 

2008), but genetic parameters for most of these piglet attributes have not been estimated. 

While individual piglet attributes should be regarded as important to piglet survival, it is also 

imperative to know that there are some factors (e.g. birth order) that neither the sow or the 

piglets’ genes can influence. 

2.3.2 Individual birth weight and survival 

Individual piglet birth weight and preweaning survival have been reported (Table 2.8) to 

be lowly influenced by the genes of the piglet. Heritability estimates are very low and similar 

between breeds, ranging from 0.03 to 0.09 for individual birth weight and 0.02 to 0.05 for 

individual survival, consistent with the estimates reported in a review by Bunter (2009).  

Table 2.8 Literature estimates of heritabilities for individual piglet attributes 

Sow attributes Heritability Breed Reference 

Birth weight 0.03 LW, LR, DR, LW-LR (Hermesch 2001b) 
 0.04±0.03 YS (Grandinson et al. 2002) 

 0.09±0.01 LR (Su et al. 2008) 
 0.07±0.01 YS (Su et al. 2008) 
 0.05 average across breeds (Bunter 2009) 
Survival 0.04±0.02 LR (Lund et al. 2002) 

 0.050.05 D2 (Knol et al. 2002a) 
 0.030.03 LR (Su et al. 2006) 
 0.03±0.01 LR (Su et al. 2008) 
 0.02±0.01 YS (Su et al. 2008) 
 0.05 average across breeds (Bunter 2009) 

Standard errors of some estimates were not provided by the authors.  

Low but positive genetic and phenotypic correlations exist between individual birth 

weight and survival (Table 2.9). Based on the phenotypic correlations (Su et al. 2008), it could be 

suggested that selection for higher individual birth weight could improve piglet survival rate. Low 

birth weight piglets are more prone to crushing by the sow (Lay et al. 2002), indicating that 

increasing the number of heavier piglets in a litter could increase survival. On the other hand, 

this approach is constantly confronted by the positive and moderate genetic correlations that 

exist between birth weight and stillbirth, which result in heavier piglets being more likely to 
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cause dystocia during parturition and end up as stillbirths (see reviews by Lay et al. 2002; Jonker 

2004; Alonso-Spilsbury et al. 2007).  

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) 

Combination Breed 
Heritabilities 

rA rP References 
Trait 1 Trait 2 

BWT, SURV LR 0.09±0.03 0.03±0.01 0.16±0.16 0.23±0.01 (Su et al. 2008) 
 YS 0.07±0.01 0.02±0.01 0.16±0.06 0.24±0.01 (Su et al. 2008) 
BWT, CR YS 0.04±0.03 - -0.60±0.50 - (Grandinson et al. 2002) 
BWT, SB YS 0.04±0.03 - 0.37±0.41 - (Grandinson et al. 2002) 

 

2.3.3 Piglet vitality 

Piglets are born with no or little energy reserve (Huo et al. 2003) and an adequate supply 

of colostrum is required soon after birth to boost their energy reserves and immune system (Huo 

et al. 2003), making piglet vitality at birth important. Herpin et al. (1996) attempted to 

quantitatively assess piglet vitality by recording interval between birth and first udder contact 

and first suckling, rectal temperature within the first 24 hours, and carbon dioxide content of the 

blood. In addition, they measured the viability of the piglet by looking at the onset of respiration, 

heart rate, skin colour, and attempts to stand during the first minute after birth. From their 

analyses, they found that piglets exposed to asphyxia during birth had lower blood pH, higher 

blood carbon dioxide content, lower rectal temperature within the first 24 hours, took longer to 

get to the udder, and had poorer growth and survival rate. Zaleski and Hacker (1993a) also 

measured the piglet’s viability score based on heart rate, muscle tone, respiration, and attempts 

to stand and came to the same conclusions. However, no heritability estimates exist for these 

piglet attributes and not all of these measurements are easy to obtain. 

 The piglet’s ability to thermoregulate has also been a major focus in recent years (Herpin 

and Le Dividich 1995 ; Edwards 2002). Generally, light weight piglets are more likely to suffer 

from hypothermia and lose more body heat into the atmosphere due to their greater body 

surface-to-volume ratio (Herpin and Le Dividich 1995 ; Baxter et al. 2008; Pedersen et al. 2011). 

Casellas et al. (2004b) showed that birth weight was positively associated with rectal 

temperatures both at birth and 1 hour after birth. A review by Lay et al. (2002) also highlighted 

that the rate of body temperature loss towards developing hypothermia is inversely related to 

piglet weight, but the piglet’s ability to withstand hypothermia increased with age. Regardless of 
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the piglet’s birth weight, size or environment, neonates usually experience a sudden and 

transient 2 to 4 °C drop in core body temperature (Curtis 1970; Lossec et al. 1998; Huo et al. 

2003), and normally achieve their normal core body temperature of 39 °C within 24 to 48 hours 

(Lossec et al. 1998). However, excessive hypothermia or delayed recovery from the transient 

drop in body temperature could reduce piglet vigour and colostrum intake, leading to piglet 

deaths (Herpin and Le Dividich 1995 ; Lay et al. 2002). An accurate assessment of the newborns’ 

status at birth, therefore, is critical as it can potentially affect how they adapt to their new 

external environment. For this reason, Apgar score, which was initially designed to assess the 

condition (heart and respiration rate, muscle tone, reflex, and skin colour) of newborn infants at 

birth (Apgar 1953), has been modified to also evaluate piglet vigour (e.g. interval between birth 

and the first inspiration, standing, teat contact, suckling, and rectal temperature) at birth (e.g. 

see review by Mota-Rojas et al. 2012). Genetic parameters for most of these traits are absent 

and their relative contributions towards piglet survival are mostly unquantified. 

In investigating behavioural and physiological indicators of piglet survival in an outdoor 

population, Baxter et al. (2009) concluded that, apart from birth weight, rectal temperature was 

a significant factor with respect to piglet survival. The authors also investigated the effects of the 

piglets’ ponderal index on their survival. Ponderal index is a measure of weight to size 

proportionality (Birth weight (kg)/(body height (m))3) and is commonly used in human medicine 

to indicate the extent of intrauterine growth retardation (IUGR) as a result of poor nutritional 

status during pregnancy (Fay and Ellwood 1993; Tummaruk et al. 2001). According to Naeye et 

al. (1973), poor nutrition would lead to a reduction in foetal weight but not body length. As such, 

infants with low ponderal index would be lighter and thinner. When applied to newborn piglets, 

litter mates that suffer from IUGR would be more likely to suffer from hypothermia, starvation, 

and consequently death. Ponderal index has not been widely recorded and/or investigated in the 

pig industry. However, Baxter et al. (2009) found that high ponderal index was as a good 

indicator of prenatal survival in outdoor farrowing systems.  

A good understanding of the interactions between environmental stressors and the 

biology of the piglet is also important in developing strategies to minimise preweaning mortality. 

For instance, Le Dividich and Noblet (1981) investigated the association between colostrum 

intake and rectal temperature of day old piglets kept at low (18-20 °C) and high (30-32 °C) 

ambient temperature environments. They concluded that piglets that were exposed to a cold 

ambient temperature environment consumed 36.8 % less colostrum compared to their 
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littermates in the warm environment. These authors also observed a decline of the effect of 

birth weight and an increase in the effect of colostrum intake in cold piglets, implying that the 

thermal environment of newborn piglets plays a significant role in their performance and 

survival at birth.  

Aside from a timely colostrum intake and warm environment, newborn piglets use 

shivering thermogenesis for thermoregulatory purposes (Lossec et al. 1999). However, the 

newborn pig would only display adequate metabolic responses as long as its body temperature is 

above 34 °C (Herpin et al. 2002). Therefore shivering intensity would be less pronounced (Lossec 

et al. 1998) in the deep hypothermic phase (range: 34 to 30 °C), which suggests that not all 

hypothermic piglets would show signs of shivering. With this in mind, it is important to use other 

aspects (e.g. lying position, behaviour in the farrowing pen) that could positively identify 

hypothermic piglets.  

2.4 Other measurement techniques 

In recent years, stock numbers in most production systems have increased rapidly while 

the number of workers have decreased or remained the same (Tawse 2010). Obtaining practical 

data to improve future decision making is vital and challenging and exploring more practical and 

efficient techniques is almost necessary.   

An initial investigation into the use of infrared imaging both in human (Hildebrandt et al. 

2010; Hewlett et al. 2011) and in veterinary medicine (Dunbar et al. 2009; Gloster et al. 2011) 

revealed it to be a non-invasive technology that provides information on the health of the 

subject being investigated. A thermal camera captures infrared heat that is emitted from a body 

or surface and around 60% of this occurs in the infrared range (Kleiber, 1995 cited by Schaefer et 

al. 2007).  It has the potential to analyse the physiological functions related to the control of 

skin-temperature, detect, and locate thermal abnormalities characterized by an increase or 

decrease in temperature on the skin surface or body region (Hildebrandt et al. 2010; Gloster et 

al. 2011).  

The use of thermal imaging within the livestock industries has not been investigated 

widely and its applications in pigs are scarce. Schaefer et al. (2007) and Hovinen et al. (2008) 

reported that thermal imaging could be a suitable tool to diagnose diseased animals in a non-

invasive way. While the temperature difference between normal and abnormal animals is often 
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small, the sensitivity of the thermal camera is capable of detecting this difference (Schaefer et al. 

2004).  

Nikkhah et al. (2005) examined the hoof temperatures of dairy cows in early lactation for 

laminitis and found the use of thermal imaging as an effective tool to monitor hoof health. 

Schaefer et al. (2007) found that infected animals were identified four to six days before any 

clinical signs were evident when using thermal imaging in the early detection of bovine 

respiratory disease (BRD). Similarly, Franze et al. (2012) took daily infrared images of the rear 

udder quarters of dairy cows in a commercial setting and were able to identify cows with 

mastitis. 

Using the current screening techniques (e.g. visual, clinical, or serological examinations) 

to detect at risk piglets in large operations is challenging. According to Tawse (2010), increased 

in animal numbers in commercial farms has caused animals that need immediate help to be 

missed, resulting in higher mortality rates. Piglets are more prone to its environment at birth due 

to their lack of brown adipose tissue, energy reserve, active immune system, and hair coat (e.g. 

see review by Herpin et al. 1993; Lay et al. 2002). When confronted with hypoxia and/or delayed 

colostrum intake, their chances of survival tend to diminish very rapidly early after farrowing. 

However, most of the preweaning deaths (>50%) occur in the first 48 hours post-partum due to 

crushing of piglets with low vitality (e.g. Andersen et al. 2005; Hellbrügge et al. 2008b). Reducing 

the recovery period by providing the necessary care immediately after birth could improve the 

survival rate of prone piglets. In general, shivering and body posture are some common ways of 

identifying these animals, but shivering thermogenesis ceases when the piglet’s body 

temperature drops below 34 °C (Mount 1959; Lossec et al. 1998; Herpin et al. 2002). As such, the 

use of thermal imaging to identify at risk piglets would allow not only for rapid, but non-invasive, 

and mass screening of piglets.  

2.5 Conclusions 

One of the major economic traits in pig breeding is the number of piglets weaned per 

sow per year. This outcome, however, depends not only on initial litter size but also on the 

number of fully developed piglets reared from farrowing until weaning. It is evident that 

improvements in leanness and prolificacy targeted for slaughter pigs and commercial sows have 

lead to increased piglet mortality. Therefore, appropriate, timely, and practical measures are 
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needed to minimise possible drawbacks of these changes on both the sow and piglet. 

Importantly, any measure to affect changes should be drawn from the genetic relationships that 

exist between the biological sow as the mother and nurse sow, and at the level of individual 

piglets.  

In order to effectively identify the sow and piglet factors that affect preweaning survival, 

distinct separation of the sow and piglets effects is important. However, in most cases, the 

biological sow is also used as the nurse sow, which complicates the separation of variance into 

dam and nurse sow effects. Further, the accurate estimation of the dam and nurse sow effects is 

only possible in populations where many piglets are cross-fostered.  

It is important to consider different levels of sow factors that might influence piglet survival. For 

example, a good understanding of different aspects of sow body composition, gestation period, 

farrowing process, feed intake, and behaviour pre- and post farrowing that affect piglet survival 

is critical. A similar approach should also be done when investigating individual piglet factors 

that influence preweaning survival. Overall, most studies have been done on sow rather than on 

piglet aspects, with a majority of work on piglets directed on their post-farrowing behaviour and 

chemical body composition. While research on the sow and piglet attributes require equal 

emphasis, investigations should also be directed to a wider range of attributes that are practical 

and less demanding to record. 
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Chapter 3 

Identifying piglet and sow attributes that are associated with piglet 

preweaning survival 

3. Introduction 

Piglet attributes such as birth weight are important for postnatal survival. Knol et al. 

(2002b) demonstrated that some aspects of piglet quality had declined in part due to selection 

for improved production efficiency. Selection for litter size can improve production efficiency (Su 

et al. 2007). However, a correlated response to selection for increased litter size has been 

decreased birth weight (Johnson et al. 1999; Mesa et al. 2003), which is linked to higher piglet 

mortality (see review by Lay et al. 2002). Compared to their heavy counterparts, light weight 

piglets take longer to consume colostrum, have lower colostrum intake and are more susceptible 

to hypothermia and crushing by the sow (e.g. Cutler et al. 1999; Lay et al. 2002). 

Apart from low birth weight, another cause of low postnatal vitality in piglets is asphyxia 

during parturition (Herpin et al. 1996). While all foetuses are exposed to mild levels of 

asphyxiation during delivery (Svendsen 1992;  cited by Alonso-Spilsbury et al. 2005), piglets born 

towards the end of parturition are more likely to face a higher level of asphyxiation due to the 

cumulative effects of successive uterine contractions (English and Wilkinson 1982; Alonso-

Spilsbury et al. 2005). The lower viability usually shown by asphyxiated piglets is most likely to 

result from reduced vigour and colostrum intake, as well as altered carbohydrate metabolism 

early after farrowing (Herpin et al. 1998). However, farrowing sequence is not often observed 

and the most at risk piglets from this cause will generally be unknown. Large litter size also 

increases farrowing duration (Wolf et al. 2008), which can exacerbate this problem.  

Physiological and behavioural variables of the sow pre- and post-farrowing have also 

been reported  to affect the maternal abilities of the breeding sow (e.g. Hemsworth et al. 1999; 

Janczak et al. 2003), which in turn can influence piglet mortality and growth (Wülbers-

Mindermann et al. 2002). In addition, factors such as litter size and farrowing duration influence 

the performance of the piglet at birth (Motsi et al. 2006) and the full extent of their effects on 

piglet survival should be investigated. Also important is the farrowing environment of the sow. 
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One of the major purposes of the farrowing crate was to reduce crushing of the piglet by the sow 

(Robertson et al. 1966; Jeon et al. 2005). However, it has also restricted and discouraged the sow 

from performing normal mothering behaviours (Parfet et al. 1989), which has negatively 

affected its mothering ability and the survival of piglets from birth to weaning.  

Identifying piglet and sow attributes which affect piglet viability may enable producers to 

improve piglet survival (through targeted intervention) and can potentially provide new 

selection criteria for breeding programs. The aim of this study was to establish the phenotypic 

associations of both sow and piglet attributes at birth with preweaning survival of piglets using 

logistic regression.  

3.1 Materials and Methods  

Data were recorded in early spring (N=494 sows) of 2009 (September 9th to October 8th) 

and late summer (N=515 sows) of 2010 (February 2nd to March 3rd) on primi- and multiparous 

sows from two maternal (Large White and Landrace) and two terminal (Duroc and Large White) 

lines producing purebred progeny in a single herd. The author recorded all traits, with the 

exception of sow backfat and locomotion score. Approximately 84% of these sows farrowed 

within the experimental periods (N=847 litters recorded).  

3.1.1 Sow traits 

Traits depicting the sows’ body composition pre-farrowing included live weight (WT110), 

backfat thickness (P2110) and body condition score (SCON). Locomotion scores (LOCO) and the 

incidence of shoulder lesion (LESION) were recorded to assess the general health of the sow 

upon entry to the farrowing sheds. Udder development before (USCORE) and after (USCOREF) 

farrowing, the total number (TEAT) and number of functional teats (FTEAT), and absence and 

presence of colostrum (COLOS) pre-farrowing were recorded to assess the sows progress 

towards meeting the nutritional requirement of piglets at farrowing. Sow behavioural attributes 

included scoring for agitation in response to human approach (AGIT) after transfer to the 

farrowing accommodation and nervousness during piglet handling (NERVE). The farrowing crate 

environment for individual sows was evaluated by scoring sow-crate fit (CFIT) and teat 

accessibility (TACC) for piglets. The presence of bloodshot eyes (SEYE) was recorded as a possible 

indication of the strain and fatigue of farrowing (Neary and Hepworth 2005), while rectal 
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temperature (STEMP) was measured to identify underlying illnesses (e.g. Mastitis-metritis-

agalactia syndrome) post-farrowing. Traits are described in more detail below. 

3.1.1.1 Pre-farrowing traits 

Each group of sows were transferred from individual gestation stalls (concrete floor) to 

farrowing crates (slatted floor) at an average of about 110 days after mating and the following 

traits recorded (refer to Appendix 1 for the recording sheet): 

 Live weight (WT110, kg) was measured using an electronic weighing scale 

 Backfat thickness (P2110, mm) was measured at the P2 site; 65 mm from the midline 

over the last rib (e.g see Young et al. 2004) with real time ultrasound 

 Locomotion (LOCO) was scored on a subjective scale after sows had walked for a 

minimum of 20 metres to ease the stiffness that occurs under confinement in dry sow 

stalls: 1=sound; 2=difficulties putting weight on one or more limbs; 3=poor locomotion  

 Body condition (SCON) was subjectively scored into five classes: 1=very thin, hips and 

backbone are prominent to the eye; 2=thin, hips and backbone can be felt without 

applying palm pressure; 3=ideal, hips and backbone can only be felt with firm palm 

pressure; 4=fat, hips and backbone cannot be felt; 5=too fat, hips and backbone are 

heavily covered with fat 

 Udder development (USCORE) was subjectively scored from 1=well developed to 

3=poorly developed (refer to Appendix 2) 

 Sow agitation (AGIT) when approached by a strange handler was scored on a scale of 1 to 

6 (1=avoiding any human contact to 6=complete acceptance of human contact) based on 

the approach of Lensink et al. (2009b). Due to the low frequency of some scores, sow 

agitation was reclassified into 3 groups, from 1 to 3 (poor to good acceptance of human 

presence);  combining (0,1)=1; (2,3)=2, and (4,5,6)=3  

 Shoulder lesion (LESION) was scored as absent or present (1/2), but its severity was not 

recorded 

 Colostrum (COLOS) was scored as absent or present (1/2) when assessed by manual 

stripping of the two most cranial and caudal teats 

 The total number of teats (TEAT) was counted. In addition, damage to each teat was 

assessed and recorded separately 
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To quantify the relative suitability of the farrowing environment for individual sows, the 

following factors were subjectively scored: 

 Sow-crate fit (CFIT) was scored into three classes when pregnant sows were recumbent:  

1=plenty of room, overall crate not filled; 2=moderate room, overall crate filled; 3=no 

room, overall crate fully filled with movement limited (refer to Appendix 3) 

 The accessibility of teats (TACC) for piglets was scored into three classes on recumbent 

sows: 1=good teat access, plenty of room between teat line and lower bar; 2=moderate 

access, udder and back close to the lower bar but teats are still clear; 3=poor access, 

teats in contact with the lower bar  

The total number of sows recorded for pre-farrowing traits was N=1009. 

3.1.1.2 Post-farrowing traits 

Sows were allowed to farrow naturally and human intervention was only provided, under 

commercial guidelines, when really necessary. The daily ambient temperature and relative 

humidity in the farrowing house were not recorded. Litter size traits such as total born (TB), 

number born alive (NBA), and the number of still births (SB) and mummified foetuses (MUMS: 

dark brown foetus enveloped in its placenta) are routinely recorded for all sows. Post-mortem 

examination was not performed on stillborn piglets. However, they were visually identified as 

piglets that have never taken their first breath, fully developed, and often wrapped in foetal 

membranes. All additional traits were recorded within 24 hours of farrowing: 

 Udder development after farrowing (USCOREF) was on the same scale as USCORE. 

However, the same score is not visually the same between USCORE and USCOREF (refer 

to Appendix 4). 

 Sow responsiveness (NERVE) was scored from 1 to 3 to measure how reactive sows were 

to the disruption during piglet handling at processing, which occurs shortly after 

farrowing: 1=no sow movement or vocalization; 2=some movement with low 

vocalization; 3=frequent movements and loud, frequent vocalization 

 Bloodshot eyes (SEYE) was scored as absent or present (1/2) but the severity was not  

considered 

 Sow rectal temperature (STEMP) was measured after each litter was processed using a 

digital thermometer (BF-169 Flexible tip digital thermometer) 
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3.1.1.3 Calculated variables  

 The number of functional teats (FTEAT) was determined by subtracting the count for cut 

and blind teats from TEAT 

 Gestation length (GEST, days), lactation length (LACT, days), and the interval (INT, days) 

between transfer and farrowing dates were calculated from the relevant dates  

 The number of piglets successfully weaned (NWEAN) by the sow itself, regardless of 

whether piglets were part of the project was known from farrowing house records. 

NWEAN could be zero if the lactation was terminated early and piglets were moved onto 

another sow or if all piglets died. The targeted lactation length was 28 days 

 The number of live piglets born to the sow that survived until weaning (NSURV) was 

calculated based on an inventory of individual piglet deaths. This measure only included 

project piglets, some of which were fostered onto other sows  

 The number of piglets on day zero of farrowing (ND0) was calculated based on the 

number of piglets suckled initially by each sow after the first fostering event on the day of 

farrowing 

 Lactation feed intake was recorded daily for the first 7 days of lactation. Lactating sows 

were fed daily in the morning and afternoon and to demand. These sows were also fed to 

a fixed feeding schedule during gestation, but according to their gestating stage. Their 

diet was formulated to meet or exceed the NRC (1998) recommendations. Feed refusals 

of lactating sows were estimated daily and actual feed intakes calculated. Feeding 

records were used to generate total feed intake in the first 3 (FID13, kg) and 7 (FID17, kg) 

days, along with the average intake (AVEFI, kg/d) over the seven days. Not all sows had 

feed intake records over all 7 days.  

The total number of sows recorded for post-farrowing traits were N=847. 

3.1.2 Traits recorded on individual piglets 

Piglets were processed (vaccination and iron injection, tail docking, and ear tagging) within 24 

hours post-farrowing. Each piglet was uniquely identified and recorded at birth (refer to 

Appendix 5). Individual piglet deaths were recorded by inventory and the cause of death 

ascertained from external observations. Even though it provides an accurate diagnosis, post 

mortem was not practical in large scale commercial units. Each piglet was recorded as:   
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 crushed by the sow if having bruising and flattened body 

 unthrifty if skinny and under nourished with rib cage and backbone noticeable at day of 

birth 

 non viable if very small and skinny with rib cage and backbone noticeable at day of birth 

 savaged if it was observed or when lacerations were consistent with being bitten 

 splay legs if the back or front legs tend to lay flat out and piglet was unable to walk 

 pale skin colour if noticeably lighter than normal pink colour 

 deformed if abnormal appearance 

 arthritis if joints are swollen 

 scours if watery faeces (yellow or green), dehydrated, sunken eyes, and unthrifty 

appearance 

 Escherichia coli if found dead but large and healthy looking with sunken eyes 

 meningitis if found “paddling” (laying on its side running in mid air) uncontrollably with 

eyes twitching 

 other if in some situations the stockmen is unsure as to what has killed the piglet as it 

does not fit into a category 

All piglet traits were recorded prior to any cross-fostering, which occurred across lines 

and parity groups. The piglet’s gender (SEX: male or female) and its subsequent fostering status 

(FOS: fostered or not) were also recorded. 

Piglet traits were chosen to represent different categories of attributes. Birth weight 

(BWT), crown to rump length (CRUMP), ponderal index (PINDEX), piglet body condition (PCON), 

and incisor eruption (INCIS) were traits considered to represent adequate piglet development 

during gestation and physiological maturity at birth, which implies adequate sow nutrition, 

combined with satisfactory uterine environment and an appropriate gestation length. Rectal 

temperature (PTEMP) and shivering (SHIV) were used as indications of the piglet’s ability to 

adapt to the post-farrowing environment and as indirect indicators of colostrum intake 

(Tuchscherer et al. 2000), which is difficult to measure directly. Meconium staining (MSTAIN) and 

the presence of bloodshot eyes (PEYE) were used as possible indicators for difficult farrowing 

outcomes. In addition, respiration quality (RESP), muscle tone (MTONE), skin colour (SCOL) and 

hydration level (HYD) were used to measure viability at birth, generally based on the APGAR 

scoring system of vitality for human infants (Apgar 1953).  
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3.1.2.1 Trait descriptions 

 Survival (SURV, 0/1) is a binomial trait that describes the death (0) or survival (1) of a live 

born piglet from birth to weaning 

 Birth weight (BWT, kg): individual piglets were weighed with a suspended digital scale 

 Crown to rump length (CRUMP, cm): was measured from the base of the piglet’s skull to 

the base of its tail using a standard tape measure 

 Ponderal index (PINDEX, kg/m3): was calculated as PINDEX=BWT/(CRUMP/100)3 as 

reported by Baxter et al. (2008) 

 The absence or presence (1/2) of meconium staining (MSTAIN), shivering (SHIV), 

bloodshot eyes (PEYE), abnormally pale skin colour (SCOL), and absence or eruption of 

the I1 (Tucker and Widowski 2009) incisor tooth (INC) were scored. The severity of 

bloodshot eyes and the extent of incisor eruption were not considered. The tip of the 

index finger was rubbed gently along the front lower gum to determine the presence of 

the incisor tooth  

 Body condition (PCON) of the piglet was scored in three classes: backbone, pin bones and 

ribs were clearly noticeable (1); only slightly seen (2); or not visible and only felt with firm 

pressure (3) 

 Piglet rectal temperature (PTEMP, °C) was measured at the end of piglet processing with 

a digital thermometer (BF-169 Flexible tip digital thermometer, Farlin Infant Products 

Corporation, ROC, Taiwan) 

 Respiration rate (RESP) was scored in three classes: 1=regular rate with no mucus; 

2=irregular breathing with or without mucus or rattling sounds; 3=irregular breathing 

with rattling sounds and/or mucus present in nostrils 

 Muscle tone (MTONE) was scored in three classes when piglets were picked up: 1=strong 

resistance, vocalisation and contraction of hind limbs; 2=slight resistance, vocalisation 

and contraction of hind limbs; 3=no resistance, vocalisation and movement of hind limbs 

 Hydration status (HYD) was scored using a pinch test. A small amount of skin behind the 

forearm of the piglet was gently pinched and released, and the time it took to return to 

its normal position was scored as: 1=immediate snap back; 2=took approximately 2 

seconds to return to normal; 3=more than 2 seconds to return to normal 

The final data represented N=9133 piglets from 847 litters. 
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3.1.3 Data analysis 

Due to low numbers of observations in some levels for some scored traits (e.g. 

respiration) and non-linear associations with preweaning survival possible for some traits (e.g. 

birth weight), some sow and piglet attributes were re-grouped to improve clarity of results.  

3.1.3.1 Sow factors 

Sow body weight (WT110) and backfat thickness (P2110), total born (TB), and feed intake 

in the first 3 days of lactation (FID13) were ranked into quintiles. Sow rectal temperature was 

classified as a binary score (1/2) to indicate the possible absence (category 1 = temperature 

<39.7 °C) or presence of post-partum fever (category 2 = temperature ≥39.7 °C). 

Teat numbers (TEAT), gestation length (GEST), and interval between the recording and 

farrowing (INT) dates were recategorized into tertiles. Sows were grouped into parity groups 

(PGRP) such that parity 1=parity group 1; parity 2=parity group 2; parities 3 and 4=parity group 3; 

and parities 5 and above=parity group 4. To demonstrate seasonal and line differences, transfer 

dates and sow lines were grouped into seasons (SEASON) and line groups (LGRP), with the latter 

based on whether selection was performed for maternal or terminal breeding goals. 

3.1.3.2 Piglet factors 

Scores for respiration rate (RESP), and muscle tone (MTONE) were recategorized to 

indicate whether these aspects of the piglet at birth were normal (category 1 = score 1) or 

abnormal (category 2 = scores 2 and 3).  

3.1.4 Model 

Due to the binomial distribution of the dependent variable survival (SURV: survive=1 or 

not=0), logistic regression was performed to analyse the data using the GLM procedure of R (R 

Development Core Team, Vienna) fitting a logit link function. Only those animals with 

measurements for all sow and piglet factors (N=7792) were included in analyses to allow the 

relative importance of sow versus piglet characteristics to be evaluated concurrently. All factors 

were considered one by one firstly in a model accommodating season, line, and parity group. 

Significant piglet and sow factors for piglet survival were then analysed separately before they 

were combined and tested together in a third analysis. In each case, the final model was 

obtained by applying stepwise elimination of non-significant (P>0.05) effects. The odds-ratio 
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(OR) was used to show the relative survival rate for each factor level compared to the lowest 

factor level, which has an OR of 1. The logistic regression for Y (SURV) was modelled as follows:  

Logit (SURV) = ln 
 

   
  =                    

                                                      

                           = 
             

                
, 

 

where   is the probability of the event,   is the Y intercept,  s are regression coefficients, and Xs 

are the set of independent factors. 

3.2 Results and discussion 

 The complete data are characterised for each trait, and the corresponding mean (SD) for 

the subgroup of data used for the logistic regression analyses is also provided (N=7792). 

3.2.1 Characteristics of the complete data 

3.2.1.1 Piglet attributes 

Overall, not all piglets had complete records for all traits (Tables 3.1 and 3.2). The mean 

birth weight and rectal temperature (Table 3.1) were 1.55 kg and 38 °C, respectively. Low 

coefficient of variations (CV) for PTEMP was expected as body temperature is closely controlled 

physiologically (Robertshaw 2006). The means for these traits in the subset group (N=7792) were 

similar to those in the whole group (N=9133). However, their standard deviations were slightly 

lower. 

Table 3.1 Data characteristics for the piglets’ continuous attributes 

Attributes N Mean (SD) Min-Max CV (%) 
Subgroup 

Mean (SD) 

BWT (kg) 9054 1.55 (0.37) 0.42-2.9 24 1.56 (0.36) 
CRUMP (cm) 8987 22.8 (2.12) 14-30 9 22.7 (2.05) 
PINDEX (kg/m3) 8910 132 (27.8) 44-576 21 135 (26.2) 
PTEMP (°C) 8792 38.0 (0.82) 30-40.3 2 38.0 (0.78) 

 

Combined with high BWT (Table 3.1), the low percentages of piglets with poor body 

condition (PCON), respiration rate (RESP), muscle tone (MTONE), and hydration status HYD 

indicate the high percentages of normal piglets recorded at birth (Table 3.2). Meconium staining 
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and pale skin colour were rarely observed, generally suggesting good farrowing outcomes. 

Zaleski and Hacker (1993a) studied the viability of piglets at birth and concluded that poor 

respiration rate, muscle tone, and abnormal skin colour reflected good piglet viability and a low 

extent of asphyxia during parturition. Highly viable piglets tend to reach the udder and suckle 

more often after birth, and exhibit higher rectal temperatures 24 hours post-farrowing than 

piglets of low viability (Tuchscherer et al. 2000). 

Table 3.2 Data characteristics for the piglets’ categorical attributes 

Attributes N 
Classes (%) 

Mean (SD) CV (%) 
Subgroup 

1 2 3 Mean (SD) 

PCON (1-3) 8793 4 27 69 2.65 (0.55) 21 2.64 (0.56) 
MSTAIN (1/2) 8793 99.8 0.20 na 1.0 (0.05) 5 1.0 (0.04) 
SHIV (1/2) 8793 69 31 na 1.31 (0.46) 35 1.28 (0.40) 
INCIS (1/2) 8987 66 34 na 1.34 (0.47) 35 1.35 (0.50) 
SCOL (1/2) 8793 99 1 na 1.01 (0.11) 10 1.01 (0.10) 
RESP (1-3) 8793 89.5 10.2 0.3 1.11 (0.32) 29 1.10 (0.30) 
MTONE (1-3) 8793 85.2 14.5 0.3 1.15 (0.37) 32 1.14 (0.40) 
HYD (1-3) 8793 77 23 0 1.23 (0.42) 34 1.21 (0.40) 
FOS (1/2) 9133 77.7 22.3 na 1.22 (0.42) 34 1.23 (0.42) 
SEX (1/2) 9133 50.3 49.7 na 1.50 (0.50) 33 1.50 (0.50) 
SURV (1/2) 9133 20 80 na 1.80 (0.40) 22 1.83 (0.38) 

na: not applicable. 

The average incidences for shivering and incisor eruption were 31 and 34%. The extent of 

shivering recorded could have reflected a low ambient temperature, even though it was summer 

for one of the data recording periods. Newborn piglets are poorly insulated, lack brown adipose 

tissue, and rely heavily on shivering thermogenesis to preserve their body temperature in cold 

environments (Herpin et al. 1993). While gas heaters were continuously provided in the 

farrowing pens, they were observed to be poorly utilised by the newborn piglets in the first 48 to 

72 hours of birth, which preferred to huddle close to or at the udder of the sow. Twenty percent 

of piglets were fostered shortly after birth. The time of fostering was relatively early by 

commercial standards. Fostered piglets had similar average birth weight to their un-fostered 

contemporaries. 

Work by Tucker and Widowski (2009) on deciduous teeth eruption reported that only 

around 6% of all piglets recorded at birth (N=233) had their incisor (I1) erupted. The relatively 

higher percentage (34%) of piglets with erupted I1 observed in this study could be population 

dependent, but this study is also considerably larger. All scored traits (Table 3.2) had high CV as 
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expected, whereas CV for continuous traits (Table 3.1) varied from very low (PTEMP) to 

moderate (PINDEX and BWT).  

3.2.1.2 Sow attributes 

All sow traits are going to be discussed in detail in Chapter 4 and only a brief summary of 

sow traits is presented in this section, for sows with piglet attributes recorded (N=847).  

Not all sows had complete records (Tables 3.3 and 3.4). The average backfat thickness for 

the sows recorded was 18.5 mm, ranging from 8.9 to 31.7 mm. The average TEAT and FTEATS 

number were 13.9 (range: 10-18) and 13.5 (range: 7-16), respectively, within the range reported 

in selected sows from other populations (Clayton et al. 1981; Haley et al. 1995; Jonas et al. 

2008). The damage to teats ranged from abrasions to deep cuts, which were mostly 

concentrated towards the caudal end (data not presented), especially in large and/or higher 

parity sows. Sow rectal temperature (39° C, range: 37.4-41.4) post-farrowing was slightly higher 

than values reported by others (e.g. Hendrix et al. 1978).  

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

Attributes N Mean (SD) Min-Max CV (%) 

Pre-farrowing 
WT110 (kg) 845 276 (41.4) 179-394 15 
P2110 (mm) 775 18.2 (3.95) 8.9-31.7 22 
TEAT (N) 847 13.9 (1.15) 10-18 8 
FTEATS (N) 847 13.5 (1.42) 7-16 11 

Post-farrowing 
STEMP (°C) 847 39.0 (0.54) 37.4-41.4 1 
GEST (days) 847 116 (1.58) 110-123 1 
TB (N/litter) 847 12.2 (3.31) 2-21 27 
NBA (N/litter) 847 10.8 (3.27) 1-19 30 
LACT (days) 847 25.1 (5.69) 0-33 23 
FID13 (kg/day) 827 12.0 (4.69) 0-24 39 
FID17 (kg/day) 799 31.1 (8.80) 4.5-54 28 
AVEFI(kg/day) 799 4.44 (1.26) 0.6-7.7 28 
INT (days) 847 10.1 (2.15) 3-17 21 
NSURV (N/litter) 847 8.62 (2.92) 0-16 34 
NWEAN (N/litter) 847 8.15 (2.45) 0-14 30 

 

Gestation length averaged 116 days and ranged from 110 to 123 days. The number of 

days it took the sow to farrow after being transferred to the farrowing house (INT) ranged from 

3 to 17 days (average: 10.1 days), with the average number of total born and born alive of 12.2 

and 10.8, respectively. The average lactation length was 25.1 days with an average feed intake of 
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4.4 kilograms over the first 7 days of lactation. Of the 847 sows, an average of 8.15 piglets were 

weaned per litter on project sows but 8.62 of the piglets survived until weaning (including piglets 

reared by other sows). Coefficients of variation ranged from very low (gestation length and 

rectal temperature) to moderate (feed intake in the first 3 days and farrowing parity). 

The average farrowing parity was 2.33 (Table 3.4). There were no sows in poor body 

condition and more than half of the sows (55%) had scores 3 and 4, suggesting that the body 

condition of the sow was generally good (Table 3.4). Approximately 35 and 8.5% of the sows had 

some difficulty in walking (lame) or suffered from shoulder lesions towards the end of gestation, 

respectively. The majority of sows had good udder development both before (64%) and after 

(86%) farrowing.   

High percentages of sows (Table 3.4) had good human acceptance (60%) and a low 

response when piglets when handled (68%), possibly indicating a good stockman-animal 

relationship. Only a small percentage of sows (12%) had some traces of colostrum pre-farrowing, 

but this is considered normal for pigs (Hendrix et al. 1978). Only a relatively small proportion 

(~30%) of sows had either good crate fit or teat access reflecting the larger mature size of 

modern sows and the lack of accompanying crate improvement. Almost 50% of sows had 

bloodshot eyes post-farrowing. The incidence of bloodshot eyes and low responsiveness of sows 

post-farrowing could also potentially represent sow exhaustion or heat stress.    

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

Attributes N 
Classes (%) 

Mean (SD) Min-Max CV (%) 
1 2 3 4 5 

PGRP (1-4) 847 32 24 23 21 na 2.33 (1.13) 1-4 48 
SCON (1-5) 847 na 5 50 24 21 3.61 (0.88) 2-5 22 
LOCO (1-3) 846 65 34 1 na na 1.36 (0.50) 1-3 37 
USCORE (1/3) 847 65 28 7 na na 1.42 (0.63) 1-3 44 
AGIT (1-3) 847 7 33 60 na na 2.52 (0.63) 1-3 25 
LESION (1/2) 847 91.5 8.5 na na na 1.09 (0.28) 1-2 26 
COLOS (1/2) 847 88 12 na na na 1.12 (0.33) 1-2 29 
CFIT (1-3) 847 29 36 35 na na 2.06 (0.80) 1-3 39 
TACC (1-3) 847 30 28 43 na na 2.13 (0.84) 1-3 39 
USCOREF (1-3) 847 86.2 13.4 0.4 na na 1.14 (0.36) 1-3 32 
NERVE (1-3) 847 68.1 25.4 6.5 na na 1.38 (0.60) 1-3 43 
SEYE (1/2) 847 51 49 na na na 1.49 (0.50) 1-2 34 

na: not applicable. 
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3.2.2 Factors associated with piglet survival 

3.2.2.1 Univariate models for piglet and sow traits 

All piglet traits recorded were significantly associated (P<0.05) with their survival in the 

univariate models (Table 3.5) after accounting for season, line, and parity group. Most of the 

traits were highly significant (P<0.001), with the exception of SEX (P<0.01) and PGRP (P<0.05), 

which were less significant. Meconium staining, on the other hand was not significantly (P>0.05) 

associated with piglet survival. Because piglet attributes tend to be correlated with each other 

(Chapter 6) and there is no change in the direction of effects observed, results for each trait will 

only be discussed from multivariate models (Section 3.2.2.2). 

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

Factors tested 
Factor levels Significance 

level 1 2 3 4 5 

SEASON (1/2)   na na na *** 

LGRP (1/2)   na na na *** 

PGRP (1-4)     na * 

BWT (kg) <1.25 1.25-1.46 1.47-1.65 1.66-1.87 >1.87 *** 

CRUMP (cm) <22 22-23 23-24 24-25 >25 *** 

PINDEX (kg/m3) <109 109-122 123-140 141-176 >177 *** 

PCON (1-3)    na na *** 

INCIS (1/2)   na na na *** 

PTEMP (1-5) <37.6 37.6-38.0 38.0-38.3 38.3-38.6 >38.6 *** 

MSTAIN (1/2)   na na na ns 

SHIV (1/2)   na na na *** 

SCOL (1/2)   na na na *** 

RESP (1/2)   na na na *** 

MTONE (1/2)   na na na *** 

HYD (1/2)   na na na *** 

FOS (1/2)   na na na *** 

SEX (1/2)   na na na ** 

*** P<0.001; ** P<0.01; * P<0.05; na: not applicable; ns: effects not significant at P<0.05. 

In contrast to results for piglet attributes, most sow factors were not significantly 

(P>0.05) associated with their piglets’ ultimate survival in univariate models (Table 3.6) after 

accounting for SEASON, LGRP, and PGRP. The exceptions were TB, GEST, TEAT, CFIT, and TACC, 
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which were strongly associated with piglet survival (P<0.001), and AGIT to a lesser extent 

(P<0.01). 

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

Factors 
Factor levels Significance  

level 1 2 3 4 5 

SEASON (1/2)   na na na *** 

LGRP (1/2)   na na na *** 

PGRP (1-4)     na * 

TB (N/litter) <12 12-14 14-15 15-16 >16 *** 

WT110 (kg) <242 242-265 265-288 288-317 317-394 ns 

P2110 (mm) <15.3 15.3-17.1 17.1-19.2 19.2-21.5 21.5-31.7 ns 

STEMP (°C) <39.7 39.7-41.40 na na na ns 

FID13 (kg/day) <9.0 9.0-12.0 12.0-14.0 14.0-16.0 >16.0 ns 

GEST (1-3) 110-114 114-118 118-123 na na *** 

INT (1-3) 4-7 7-14 14-17 na na ns 

AGIT (1-3)    na na ** 

SCON (1-5) na     ns 

USCORE (1-3)    na na ns 

LOCO (1-3)    na na ns 

TEAT (N) 10-12 12-14 14-18 na na *** 

USCOREF (1-3)    na na ns 

COLOS (1/2)   na na na ns 

NERVE (1-3)    na na ns 

CFIT (1-3)    na na *** 

TACC (1-3)    na na *** 

*** P<0.001; ** P<0.01; * P<0.05; na: not applicable; ns: effects not significant at P<0.05. 

3.2.2.2 Multivariate models for piglet factors  

Piglet factors that were significantly associated (P<0.05) with piglet survival in the 

multivariate model were PINDEX, PCON, PTEMP, SHIV, MTONE, and FOS (Table 3.7). The 

significance of SEX on piglet survival remained the same (P<0.01) as in the univariate model, but 

the significance of HYD (P<0.01), BWT (P<0.05), SCOL (P<0.05), and RESP (P<0.05) in the 

multivariate model on survival was lower. Piglet factors that were no longer significant in a 

multivariate model (INCIS and CRUMP) could have been explained by the other correlated 

factors that were retained in the model, such as BWT, PCON, and PTEMP. Correlations between 

piglet traits are described in Chapter 6. 
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Table 3.7 Piglet factors used in the piglet multivariate model along with their significance level 

(N=7792) 

Factors tested 
Factor levels Significance 

level 1 2 3 4 5 

SEASON (1/2)   na na na *** 

LGRP (1/2)   na na na ns 

PGRP (1-4)     na * 

BWT (kg) <1.25 1.25-1.46 1.47-1.65 1.66-1.87 >1.87 * 

CRUMP (cm) <22 22-23 23-24 24-25 >25 ns 

PINDEX (kg/m3) <109 109-122 123-140 141-176 >177 *** 

PCON (1-3)    na na *** 

INCIS (1/2)   na na na ns 

PTEMP (1-5) <37.6 37.6-38.0 38.0-38.3 38.3-38.6 >38.6 *** 

MSTAIN (1/2)   na na na ns 

SHIV (1/2)   na na na *** 

SCOL (1/2)   na na na * 

RESP (1/2)   na na na * 

MTONE (1/2)   na na na *** 

HYD (1/2)   na na na ** 

FOS (1/2)   na na na *** 

SEX (1/2)   na na na ** 

*** P<0.001; ** P<0.01; * P<0.05; na: not applicable; ns: effects not significant at P<0.05. 

3.2.2.3 Multivariate models for sow factors 

Overall, the effect of sow factors on piglet survival in the multivariate model (Table 3.8) 

was the same as that in the univariate model. The only notable changes were observed for CFIT 

(P>0.05) and INT (P<0.01). Sow factors tend to be less correlated with each other (Chapter 4, 

Table4.9) than are piglet attributes (Chapter 6, Table 6.3) contributing to the consistency of 

outcomes for univariate and multivariate models. 
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Table 3.8 Sow factor levels used in the sow multivariate model along with their significance level 

Factors 
Factor levels Significance  

level 1 2 3 4 5 

Pre-farrowing 
SEASON (1/2)   na na na *** 
LGRP (1/2)   na na na * 
PGRP (1-4)     na ** 
TB (N/litter)      *** 
WT110 (kg) <242 242-265 265-288 288-317 317-394 ns 
P2110 (mm) <15.3 15.3-17.1 17.1-19.2 19.2-21.5 21.5-31.7 ns 

STEMP (°C) <39.7 39.7-41.40 na na na ns 
FID13 (kg/day)      ns 
GEST (1-3)    na na *** 
INT (1-3)    na na ** 
AGIT (1-3)    na na ** 
SCON (1-5) na     ns 
USCORE (1-3)    na na ns 
LOCO (1-3)    na na ns 
TEAT (N)    na na *** 
USCOREF (1-3)    na na ns 

COLOS (1/2)   na na na ns 
NERVE (1-3)    na na ns 
CFIT (1-3)    na na ns 
TACC (1-3)    na na ** 

*** P<0.001; ** P<0.01; * P<0.05; na: not applicable; ns: effects not significant at P<0.05. 

3.2.2.4 Combined piglet and sow factors 

In an analysis combining sow with piglet attributes, the piglet and sow factors that were 

most significantly (P<0.001) associated with piglet survival were PINDEX, PCON, PTEMP, MTONE, 

and GEST (Table 3.9). These were followed (P<0.01) by BWT, SHIV, HYD, FOS, and INT. Skin 

colour (SCOL), RESP, SEX, P2110, STEMP, and AGIT were lowly significant (P<0.05), while the 

other piglet and sow traits were not significant at all (P>0.05). The significance of individual 

factors depends on the magnitude of the effects and the incidence with which contrasts 

between animals occur for different levels within factors. The odds ratios for all factors are 

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

significance level 

Factors 
Factor levels Significance  

level 1 2 3 4 5 

SEASON (1/2)   na na na *** 
LGRP (1/2)   na na na ns 
PGRP (1-4)     na * 
BWT (kg) <1.25 1.25-1.46 1.47-1.65 1.66-1.87 >1.87 ** 
CRUMP (cm) <22 22-23 23-24 24-25 >25 ns 
PINDEX (kg/m3) <109 109-122 123-140 141-176 >177 *** 

PCON (1-3)    na na *** 
INCIS (1/2)   na na na ns 
PTEMP (1-5) <37.6 37.6-38.0 38.0-38.3 38.3-38.6 >38.6 *** 
MSTAIN (1/2)   na na na ns 
SHIV (1/2)   na na na ** 
SCOL (1/2)   na na na * 
RESP (1/2)   na na na * 

MTONE (1/2)   na na na *** 
HYD (1/2)   na na na ** 
FOS (1/2)   na na na *** 

SEX (1/2)   na na na * 
TB (N/litter)      ns 
WT110 (kg) <242 242-265 265-288 288-317 317-394 ns 
P2110 (mm) <15.3 15.3-17.1 17.1-19.2 19.2-21.5 21.5-31.7 ** 
STEMP (°C) <39.7 39.7-41.40 na na na * 
FID13 (kg/day)      ns 
GEST (1-3)    na na *** 
INT (1-3)    na na ** 
AGIT (1-3)    na na * 
SCON (1-5) na     ns 
USCORE (1-3)    na na ns 

LOCO (1-3)    na na ns 
TEAT (N)    na na ns 
USCOREF (1-3)    na na ns 
COLOS (1/2)   na na na ns 
NERVE (1-3)    na na ns 
CFIT (1-3)    na na ns 
TACC (1-3)    na na ** 

*** P<0.001; ** P<0.01; * P<0.05; na: not applicable; ns: effects not significant at P<0.05. 
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3.2.3 Odds ratios for significant factors affecting piglet survival from separate 

multivariate analyses 

3.2.3.1 Piglet factors 

Survival rate was lower for piglets born in late summer (OR 0.36: 95% CI 0.29-0.44), 

which was consistent with our findings in Chapter 5 (Table 5.3), using the complete data. 

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)  

Piglet factors Levels OR 95% CI 
Season (1/2) (early winter) 1.00  

 late summer 0.36 0.29-0.44 
Parity group (1-4) (1) 1.00  

 2 0.99 0.82-1.17 

 3 0.78 0.65-0.93 

 4 0.88 0.73-1.05 
Birth weight (kg)                                        (<1.25) 1.00  

 1.25-1.46 1.33 1.10-1.62 

 1.47-1.65 1.23 0.99-1.52 

 1.66-1.87 1.60 1.27-2.03 

 
>1.87 2.26 1.74-2.98 

Ponderal index (kg/m3) (<109) 1.00  

 109-122 1.30 1.07-1.58 

 122-140 1.32 1.07-1.63 

 140-176 1.83 1.46-2.31 

 >176 1.65 1.31-2.08 
Body condition (1-3)                                          (poor) 1.00  

 moderate 1.51 1.15-1.97 

 good 2.02 1.49-2.73 
Rectal temperature (°C)                                (<37.6) 1.00  

 37.6-38.0 2.09 1.74-2.51 

 38.0-38.3 2.32 1.92-2.82 

 
38.3-38.6 2.63 2.12-3.28 

 >38.6 2.46 1.95-3.10 
Skin colour (1/2)                                            (normal) 1.00  

 abnormal 0.50 0.29-0.87 
Respiration (1/2)                                             (normal) 1.00  

 abnormal 0.74 0.58-0.94 
Shivering (1/2) (absence) 1.00  

 presence 0.77 0.66-0.90 
Muscle tone (1/2)                                          (normal) 1.00  

 abnormal 0.63 0.51-0.80 
Hydration level (1/2) (normal) 1.00  

 abnormal 0.78 0.65-0.94 
Fostering status (1/2)                                     (not fostered) 1.00  

 fostered 0.77 0.66-0.89 
Sex (1/2)                                                        (male) 1.00  

 female 1.20 1.06-1.37 
Reference levels are in parentheses. 
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The lower survival rate could be due to both the drop in piglet maturity at birth (shown in the 

lower incidence of erupted incisor: Chapter 5, Table 5.3) and the higher disease prevalence in 

this herd during the summer months (K. L. Bunter 2011, pers. comm.). According to a review by 

Farmer and Quesnel (2009), pregnant sows that are exposed to heat stress also have poor 

colostrum quality, resulting in poor piglet performance.    

Piglets born to parities 3 and 4 sows had lower survival rates in this subset of data (OR 

0.78-0.88: 95% CI 0.65-1.05). Piglets with increased weight at birth were more likely to survive 

(OR 1.3- 2.3: 95% CI 1.10-2.98) until weaning which is in agreement with our earlier findings 

using different models (Tabuaciri and Bunter 2011). Roehe (2003) reported that individual piglet 

birth weight was highly associated with preweaning mortality with odds ratios increasing from 

1.4 to 16.1 when weight at birth declined from 1.8 to 1.0 kg. Similar results were found by Baxter 

et al. (2008) and Baxter et al. (2009) who reported birth weight as an important indicator of 

postnatal survival indicators for indoor and outdoor systems, respectively. Pedersen et al. (2011) 

reported that birth weight affected the odds of crushing in crates and pens as smaller piglets 

were mostly found or huddled near the sows’ udder. The relatively lower magnitude of the OR 

for BWT reported here was due to the inclusion of PCON simultaneously in the model, since 

PCON and BWT are strongly correlated (Chapter 6).  

Ponderal index above 109 was observed to be associated with an almost two fold 

increase in piglet survival rate (OR 1.3-1.7: 95% CI 1.07-2.08). Ponderal index was reported by 

Baxter et al. (2009)  as a good indicator of pre-, but not post-natal piglet survival. The difference 

between the result of this study and that of Baxter et al. (2009) could be attributed to the very 

different number of records between these studies (N=9133 vs N=115 piglets).  

Survival rate increased by almost two and half fold (OR 2.1-2.5: 95% CI 1.74-3.10) when 

piglet rectal temperature was above 37.6 °C, similar to the findings of Tabuaciri and Bunter 

(2011). When looking at piglet traits related to early viability, Pedersen et al. (2011) found that 

the odds of being crushed and dying from starvation or diseases were higher when the rectal 

temperature of newborn piglets recorded two hours after birth was low. Likewise, increasing 

body condition at birth was also associated (OR 1.5-2.0: 95% CI 1.15-2.73) with increased  

survival rate of piglets until weaning. Taken together, these results demonstrated that higher 

body weight and ponderal index, good body condition, and higher rectal temperature are 

important indicators of maturity at birth (Tuchscherer et al. 2000). According to Neal and Irvin 
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(1991), these factors would allow newborn piglets to perform and survive better in their 

extrauterine environment.  

Female piglets were found to survive better (OR 1.2: 95% CI 1.06-1.37) than their male 

cohorts. This is in line with Pettigrew et al. (1986) who reported that small males were less likely 

to survive than small females, which according to Lay et al. (2002) and Baxter et al. (2012) could 

be attributed to the males increased vulnerability to stress at birth.  

In this study, fostered piglets were less likely to survive (OR 0.77: 95% CI 0.66-0.89) than 

those that were not fostered. Neal and Irvin (1991) investigated the effects of cross-fostering on 

piglet survival and also concluded that cross-fostered piglets had significantly lower survival rate 

than non-cross-fostered piglets. Further, the success of cross-fostering depends on several 

factors and one of them is birth weight, which was already accounted for in this study.  

Abnormal skin colour (OR 0.50: 95% CI 0.29-0.87), the presence of shivering (OR 0.77: 

95% CI 0.66-0.90), poor respiration rate (OR 0.74: 95% CI 0.58-0.94), poor muscle tone (OR 0.63: 

95% CI 0.51-0.80) and decreased hydration level (OR 0.78: 95% CI 0.65-0.94) were all associated 

with reduced relative survival rates of piglets. These attributes are commonly used as indicators 

of piglet vitality at birth, and are mostly affected by litter size and/or farrowing duration (e.g. 

Leenhouwers et al. 2001; Lay et al. 2002). It is the oxygen deprivation experienced by piglets 

during parturition that can affect their vitality at birth and survival until weaning (Herpin et al. 

1996). 

3.2.3.2 Sow factors  

For factors common to the multivariate models for piglet and sow traits (SEASON, LGRP, 

and PGRP), results were generally not identical with respect to significance.  

Piglets born to sows in terminal lines (OR 1.3: 95% CI 1.08-1.50) and parity group two (OR 

1.6: 95% CI 1.32-1.91) had higher survival rates than piglets born to maternal lines and other 

parity group sows, after accounting for litter size in the multivariate model. Our result is in 

agreement with Milligan et al. (2002) who reported that the percent survival of piglets to 

weaning was highest in second parity sows. This is also in line with the findings of several 

authors (Weary et al. 1998; Weber et al. 2009; Andersen et al. 2011) that piglet mortality rate, 

which was mostly due to starvation, was higher in multi- than primiparous sows. No association 

between parity groups and piglet survival was observed by Held et al. (2006) for outdoor sows, 

but they observed low sow responsiveness to piglets with increasing parity.  
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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)  

Sow factors Levels OR 95% CI 
Season (1/2) (early spring) 1.00  

 late summer 0.68 0.60-0.79 
Sow line (1/2)                                                     (maternal) 1.00  

 terminal 1.27 1.08-1.50 
Parity group (1-3)                                                            (1) 1.00  

 2 1.59 1.32-1.91 

 3 1.35 1.09-1.63 

 4 1.44 1.17-1.79 
Total born (N/litter) (<12) 1.00  

 12-13 0.87 0.72-1.04 

 13-14 0.74 0.60-0.91 

 14-15 0.65 0.53-0.80 

 15-21 0.58 0.48-0.70 
Gestation length (days)                                        (110-114) 1.00  

 114-118 1.38 1.14-1.67 

 118-123 2.76 1.94-3.98 
Interval: recording and farrowing dates (days) (5-7 days) 1.00  

 7-14 0.81 0.64-1.01 

 14-17 0.27 0.14-0.57 
Response when approached by a human            (very fearful) 1.00  

 moderately fearful 0.61 0.46-0.82 

 less fearful 0.71 0.54-0.93 
Number of teats                                             (10-12) 1.00  

 12-14 1.32 1.12-1.54 

 14-18 1.55 1.25-1.94 
Teat access (good) 1.00  

 moderate 0.73 0.61-0.87 

 poor 0.64 0.53-0.77 
Reference levels are in parentheses. 

Survival rate of piglets was lower when TB was greater than 12 piglets. This result is in 

agreement with Hermesch (2000) who reported an increase in mortality in litters with 13 piglets 

or more.  A number of studies (e.g Dyck and Swierstra 1987; Marchant et al. 2000) have also 

reported higher piglet losses in large litters.  

Piglets born to sows with longer gestation lengths (>114 days) were more likely to survive 

(OR 1.4-2.8: 95% CI 1.14-3.98) than those born to sows with shorter gestation lengths. Rydhmer 

et al. (2008) reported a positive association between longer gestation length and piglet survival 

and concluded that piglets had more time to fully develop before birth, resulting in increased 

chances of survival. Therefore, sows with shorter gestation lengths would be more likely to have 

higher stillbirth rates and preweaning losses which have been attributed to lack of piglet 

maturity at birth (e.g. Zaleski and Hacker 1993b; Leenhouwers et al. 1999).  



45 
 

The rate of survival was reduced for piglets born to sows with a longer interval between 

the transfer and farrowing dates. A longer interval does not equate to a longer gestation length, 

which is already considered in the model. A possible explanation for the reduced piglet survival 

rate could be that pregnant sows with longer intervals between transfer and farrowing were 

exposed to more stress while in the farrowing shed. For example, sows may be moved between 

crates pre-farrowing if farrowing is delayed, and pregnant sows are not fed as frequently as 

lactating sows within the farrowing shed. Environmental stressors are known to increase the 

secretion of Adrenocorticotropin hormone (ACTH) and glucocorticoids, which in turn decrease 

the permeability of the neonatal gut to antibodies at birth (Machado-Neto et al. 1987). 

Overexposure to glucocorticoid hormones results in retarded growth, poor immune function, 

and reduced neonatal survival (Sapolsky et al. 2000; Haussmann et al. 2012). 

Survival rate was lower for piglets born to sows with higher scores for AGIT indicating 

that they were less fearful when approached by a human (OR 0.61-0.71: 95% CI 0.46-0.93). This 

result is in contrast to others (e.g. Grandinson et al. 2003; Janczak et al. 2003) who reported 

higher piglet survival for less fearful sows pre-farrowing. In this data, the survival rates of piglets 

born to moderately fearful and less fearful sows were similar. Very fearful sows represented a 

low percentage of the sow population, possibly reducing the reliability of this contrast. 

Piglet survival rate was increased with the sows’ teat numbers (OR 1.3-1.6: 95% CI 1.12-

1.94). Accessibility to colostrum is increased when teat numbers are high (Andersen et al. 2011). 

The authors also stated that piglets fight for teats in the first few hours of lactation even though 

teat numbers might be higher than the litter size, with most of those that eventually died had no 

teat access.  

Also important for piglet survival was the accessibility of the sows’ teats at birth. It was 

observed that the survival rate of piglets with limited access to the sows’ teats (due to the size of 

sow being too big for its farrowing crate) were lower (OR 0.73-0.64: 95% CI 0.61-0.77) than those 

with good teat access. Our data (Chapter 4, Table 4.2) showed that a high number of sows 

(~70%) had some restriction to teat access. 

3.2.3.3 Combined multivariate analyses of sow and piglet factors on survival 

When considered separately to piglet attributes (Section 3.2.2.2), the sow factors that 

significantly (P<0.05) affected piglet survival were SEASON, LGRP, PGRP, TB, GEST, INT, AGIT, 

TEAT, and TACC. Only some of these factors (SEASON, PGRP, GEST, INT, AGIT, and TACC) 
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remained significant (P<0.05) when considered together in a model which also contained piglet 

factors. However, their effects on piglet survival were generally similar in magnitude between 

the two models (Table 3.12).  

On the other hand, some sow factors that did not significantly affect (P>0.05) piglet 

survival when considered alone became significant (P<0.05) when considered in the combined 

model including piglet factors. These factors were P2110, and STEMP. Piglets born to sows with 

backfat level above 15.3 mm had a lower survival rate (OR 0.73-0.80: 95% CI 0.60-0.99) but this 

varied across quintiles for pre-farrowing fatness. For example, the OR of piglet survival for sows 

with P2110 between 17.1 and 21.5 mm did not differ from the OR of sows with less than 15.3 

mm. This makes it hard to draw solid conclusions on how fatness pre-farrowing is associated 

with piglet survival, and could reflect different feeding strategies for sows post-farrowing. This 

threshold is relatively lower than the value of 22 mm that was reported earlier (Bunter and 

Tabuaciri 2011), which used a slightly larger data set and more categories for fat depth, but is 

consistent with the threshold values reported by several authors (Dourmad 1991; Young et al. 

2004). These authors also concluded that sows with higher backfat level (>22 mm) at farrowing 

tend to have low feed intake, which concomitantly reduces the sows’ milk yield. However, early 

feed intake was accounted for in this model.  

Piglets born to sows with a temperature above 39.7 °C had lower survival rates (OR 0.80: 

95% CI 0.65-0.99). This threshold is within the range of critical sow rectal temperatures (39.3 to 

40.0 °C) reported as appropriate thresholds at which preventative treatments are to be provided 

(e.g. see Furniss 1987; Kiss and Bilkei 2005; Hoy 2006) and represents sows compromised by 

poor postnatal health.  

All piglet factors that significantly affected (P<0.05) piglet survival when considered 

separately were also significant when modelled together with sow factors. Their effects on the 

rate of piglet survival were generally similar in magnitude to results presented in Section 3.2.2.1 

and will not be repeated here.  
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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)  
Sow factors Piglet factors 

 Levels OR 95% CI  Levels OR 95% CI 

SEASON (1/2) (early spring) 1.00  BWT (kg)            (<1.25) 1.00  
 late summer 0.34 0.28-0.43  1.25-1.46 1.37 1.12-1.66 
     1.47-1.65 1.25 1.00-1.55 
PGRP (1-4) (1) 1.00   1.66-1.87 1.68 1.33-2.13 
 2 1.13 0.92-1.38  >1.87 2.35 1.79-3.09 
 3 1.00 0.80-1.24 PTEMP (°C) (<37.6) 1.00  
 4 1.17 0.93-1.48  37.6-38.0 2.10 1.75-2.53 
     38.0-38.3 2.34 1.93-2.85 
P2110 (mm)                                               (8.9-15.3) 1.00   38.3-38.6 2.70 2.17-3.37 
 15.3-17.1 0.73 0.60-0.90  >38.6 2.56 2.02-3.25 
 17.1-19.2 1.00 0.81-1.24 PCON (1-3)          (poor) 1.00  
 19.2-21.5 1.01 0.82-1.24  moderate 1.48 1.13-1.94 
 21.5-31.7 0.80 0.65-0.99  good 1.96 1.45-2.66 
    PINDEX (kg/m

3
)              (<109) 1.00  

STEMP (°C)                                           (<39.7 °C) 1.00   110-124 1.28 1.05-1.56 
 ≥39.7 0.80 0.65-0.99  124-138 1.30 1.05-1.61 
     138-154 1.81 1.44-2.28 
AGIT (1-3)                     (very fearful) 1.00   154-576 1.59 1.26-2.01 
 moderately fearful 0.61 0.44-0.82 SCOL (1/2)                 (normal) 1.00  
 less fearful 0.70 0.52-0.93  abnormal 0.50 0.29-0.88 
    RESP (1/2) (normal) 1.00  
GEST (days)                                               (110-114) 1.00   abnormal 0.74 0.58-0.95 
 114-118 1.25 1.01-1.53 MTONE (1/2)              (normal) 1.00  
 118-123 2.52 1.74-3.70  abnormal 0.62 0.49-0.79 
    SHIV (1/2)     (absence) 1.00  
INT (days) (5-7) 1.00   presence 0.79 0.68-0.93 
 7-14 0.82 0.63-1.05 HYD (1/2) (normal) 1.00  
 14-17 0.28 0.13-0.61  abnormal 0.78 0.65-0.94 
    FOS (1/2) (not fostered) 1.00  
TACC (1-3) (good) 1.00   fostered 0.77 0.66-0.89 
 moderate 0.74 0.61-0.89 SEX (1/2) (males) 1.00  
 poor 0.62 0.50-0.76  females 1.20 1.05-1.37 

Reference levels are in parentheses. 
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3.3 Conclusions 

Results from this study showed that both sow and piglet attributes are associated with 

preweaning survival and that considering both simultaneously reveals additional associations 

which may not be apparent from single factor studies.  

Of the sow factors identified, STEMP, INT, and TACC offer management based 

opportunities for immediate improvements in piglet survival. First, this calls for an effective way 

of monitoring the body temperature of the sow post-farrowing. Early diagnosis and treatment of 

post-partum diseases or infections would not only prolong the reproductive life of the sow 

(important for “good mothers”), but keep the cost (drugs and veterinary charges) of treating the 

disease much later to a minimum. Secondly, attention to a “clear separation of classes” in the 

gestating house could yield improvements. This would allow for the transfer of only those 

pregnant sows that are at least 7 days away from their expected farrowing date. Alternatively, 

strategies should be put in place to reduce stress levels for un-farrowed sows. Third, good teat 

access, especially for large sows, should be maintained throughout the lactation period. This 

could be achieved by placing these sows in bigger or better designed farrowing crates.  

   Piglet factors associated with piglet survival included birth weight, fostering status, and 

other traits representing piglet vitality after birth. Improvements in piglet survival in the longer 

term could potentially be achieved by selecting for these sow or piglet factors identified here. 

However, genetic parameters are required in order to identify the best selection opportunities.  
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Chapter 4 

Genetic parameters for sow characteristics pre- and post-farrowing 

and their associations with piglet survival to weaning 

4. Introduction 

Strategies to increase piglet survival until weaning have been investigated in recent years 

(Alonso-Spilsbury et al. 2007) in an effort to improve the welfare of pigs and economic success of 

producers (Roehe et al. 2009). 

One way of improving preweaning mortality is to directly select for survival per se, but 

this is relatively less effective due to its low heritability (Knol et al. 2002b). Piglet survival can 

also be improved by selecting indirectly for sow attributes that are favourably correlated with 

survival (Hermesch 2010). This is particularly important for three reasons. Firstly, maternal 

effects mostly influence piglet quality at birth and their subsequent survival (Knol et al. 2002b; 

Roehe et al. 2009). Secondly, the piglet is dependent on the sow for colostrum and milk, but at 

the same time, the sow contributes the greatest risk factor to their survival, through crushing 

and starvation (Grandinson et al. 2003; Valros et al. 2003). Thirdly, improving the production and 

reproduction traits such as lean growth, feed efficiency, and litter size has presented bigger 

demands on resources of the sow (Canario et al. 2007a; Bunter 2010).  

The objectives of this study were to investigate the genetic and phenotypic associations 

between the sows’ pre- and post-farrowing attributes and their associations with the survival of 

their own and nursed piglets until weaning.  

4.1 Material and Methods 

Data recorded on all individual sows from the population described in Chapter 3 were 

used in this study.  

4.1.1 Data editing and statistical analyses 

Trait values that deviated from the mean by more than 1.5 times the inter-quartile range 

or exceeded biological norms (outliers) were deleted (Ezard et al. 2010). The final data 
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represented 847 litters from 610 sows, which were daughters of 267 sires and 580 dams. These 

sows produced a total of 9133 piglets from 122 service sires. The pedigree file was constructed 

using the sows recorded in the data set as the starting point. Ancestors were traced back for four 

generations; the total number of animals included in the sow pedigree was 4893. 

Univariate analyses were used to develop models for systematic effects and to obtain 

initial estimates of genetic parameters under an animal model using ASREML (Gilmour et al. 

2008). Using a general formulation: 

y = Xb + Za + Zpe + e 

where y was the vector of the observations, b was the vector of fixed effects, a was a vector of 

additive genetic effects of the sow, pe was a vector of permanent environmental effects of the 

sow and e was a vector of residual effects. The X matrix was the incidence matrix for the fixed 

effects and Z the incidence matrix relating observations to animals. The distribution of the 

random effects used was: 
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where A is the numerator relationship matrix which describes the relationships between 

animals, I is an identity matrix, σ2a is the additive genetic variance, σ2pe is the variance due to 

permanent environmental effects of the sow, and  σ2e is the error variance. The mixed model 

equations used with repeated records were: 
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where λ = σ2
e/σ2

a and σ
eσ


pe. 

Genetic correlations between traits were estimated from a series of bivariate analyses, 

fitting the models derived from univariate analyses for each trait. 
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4.1.2 Systematic effects 

Approximate F-tests were used to assess the significance of systematic effects and/or 

their interactions for each trait, and only effects significant at P<0.05 were retained in the final 

models for analysis. Factors examined included recording dates (17 levels), sow line groups (2 

levels), and sow parity groups (4 levels). The interval between farrowing and transfer dates (INT) 

and number of piglets suckled by sows after cross fostering on the first lactation day (ND0) were 

fitted as linear covariates when required.   

4.1.3 Random effects 

Additive genetic and permanent environmental effects of the sow were fitted for all traits 

to accommodate repeated sow records. Where the trait was not heritable or repeatable, only 

phenotypic correlations between traits were estimated. When the variance due to permanent 

environmental effects was not significant, based on the log likelihood (LogL) ratio test, this 

additional term was removed from the model for bivariate analyses. 

4.3 Results and discussion 

4.3.1 Characteristics of the data 

Differences in the number of records for specific traits generally reflected the number of 

sows which were recorded at entry to the farrowing houses and those that subsequently 

farrowed during the recording periods. 

4.3.1.1 Pre-farrowing data 

The descriptive statistics for pre-farrowing traits recorded and scored are provided in 

Tables 4.1 and 4.2. The mean body weight (WT110) and backfat thickness (P2110) were 275 kg 

and 18.2 mm, respectively. According to Young et al. (2004), sows entering the farrowing shed 

should have backfat thickness of between 17 and 21 mm; those below 17 mm and above 21 mm 

are regarded as too thin and too fat, respectively. In this study, 36% of sows that entered the 

farrowing house were within this range, while the other 64% were either thin (40%) or fat (24%) 

based on these criteria.  

The mean count of TEAT was 13.9 (range: 10-18), whereas the count of functional teats 

averaged 13.5 (range: 7-16). According to Drickamer et al. (1995), the number of teats for pigs 

ranges from 10 to 20 with an average of 15 teats, but this will vary with line. Sows in this 
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population were generally not eligible for selection if TEAT was < 10, even in terminal lines 

where teat number is not included in the breeding goal, because even terminal line sows must 

be able to suckle their young. 

Table 4.1 Data characteristics for sow traits recorded pre-farrowing 

Traits N Mean (SD) Min- Max CV (%) 

WT110 (kg) 1006 275 (41.3) 179-394 15 
P2110 (mm) 906 18.2 (3.96) 8.9-31.7 22 
TEAT (N) 919 13.9 (1.15) 10-18 8 
FTEAT (N) 919 13.5 (1.41) 7-16 10 

 

Body condition scores indicated that no sows had emaciated body condition pre-

farrowing (Table 4.2). Forty-eight percent of the sows recorded were within the recommended 

score of 3.5 to 4.0 (Morrow et al. 1989), while 52% were either below (5%) or above (46%) the 

recommended score. Sows evaluated for condition based on objective measurements and 

criteria (e.g. Young et al. 2004) would not be evaluated identically under subjective criteria 

(Morrow et al. 1989), as shown in this data. 

Table 4.2 Data characteristics for sow traits scored pre-farrowing 

Traits N 
Classes (%) 

Mean (SD) Min-Max CV (%) 
1 2 3 4 5 

LOCO (1-3) 1007 67 32 1 na na 1.35 (0.50) 1-3 37 
SCON (1-5) 919 0 5 48 25 21 3.62 (0.88) 2-5 24 
USCORE (1-3) 919 64 29 7 na na 1.44 (0.63) 1-3 44 
AGIT (1-3) 919 7 33 60 na na 2.53 (0.63) 1-3 25 
LESION (1/2) 919 92 8 na na na 1.08 (0.27) 1/2 25 
COLOS (1/2) 919 88 12 na na na 1.12 (0.32) 1/2 29 
CFIT (1-3) 919 30 36 34 na na 2.04 (0.80) 1-3 39 
TACC (1-3) 919 29 29 42 na na 2.13 (0.84) 1-3 39 

na: not applicable. 

Sixty-seven percent of sows showed good locomotion after a short walk, while 33% had 

some problems walking in late pregnancy. Eight percent of the sows had shoulder lesions. A 

relatively significant proportion of sows (40%) showed signs of avoiding human contact when 

approached but conversely a good proportion (60%) also demonstrated complete acceptance of 

human contact. While the results above showed relatively high proportions of sows with good 

locomotion and human acceptance, the proportions of those with lameness, shoulder lesions, 

and showing aversion to human presence were not negligible. However, assessing tolerance to 
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human presence pre-farrowing may not be an appropriate time to assess fearfulness since it 

coincides with the time the sow normally isolates itself even from its own species prior to the 

farrowing event (Andersson et al. 2011).  

Several authors have reported lameness as an important factor that contributes to high 

economic losses through unplanned culling (e.g. Dijkhuizen et al. 1989) and piglet crushing 

through poor standing-to-lying behaviour (Schenck et al. 2008). A study by Bonde et al. (2004) 

on 10 commercial sow herds showed a lower proportion of lameness (15%) but a relatively 

higher level of shoulder lesions (20%). These two attributes are indicators of poor sow welfare 

and are generally caused by the condition of both the animal and its environment (Bonde et al. 

2004; Zurbrigg 2006). 

Thirty-two percent of sows showed some signs of agitation when their piglets were 

handled during piglet processing. The large proportion (68%) that showed no reaction to their 

piglets being handled might be attributed to the systematic culling of reactive animals. It is also 

possible that due to physical exhaustion immediately after farrowing, sows tend not to 

demonstrate high levels of responsiveness (Lay et al. 2002). 

Sixty-four percent of udders were well developed upon transfer to the farrowing shed, 

29% moderately developed, and 7% showing relatively little development. However, despite 

visible udder development, only 12% of sows showed traces of colostrum (COLOS) in at least one 

of the 4 teats stripped. The differences between the percentages of well developed udders and 

that which showed traces of colostrum could be partly due to the relatively high proportion 

(40%) of gilts in this study. Alternatively, visual assessment may not be indicative of colostrum 

presence. Ji et al. (2006) also reported that the middle mammary glands developed faster in gilts 

than the other mammary glands during late gestation, and these teats were not assessed for 

colostrum presence in this study. Another possible reason could be due to the variation in 

colostrum production between sows (Farmer and Quesnel 2009) and the time remaining 

between transfer and farrowing. The interval between recording and farrowing was not 

significant for USCORE but was significant for COLOS (Table 4.5). 

When assessing sow-crate fit while pregnant, only around 30% of the sows recorded 

either fitted easily into their crates or exhibited good teat access when recumbent. Around 70% 

of the sows recorded had their snout and hindquarters touching each end of the crate. Similarly, 

about the same proportion of sows had restricted teat access when assessed in the pregnant 

state, but sow width can extend past the crate bar or fingers and is usually not regarded as an 
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issue (McGlone 2002). The ease of fit and degree of teat access could have improved after 

farrowing when belly distension was reduced, but this was not recorded. Alternative sow 

farrowing crate designs can alter the level of unencumbered teat access (Lou and Hur 1994), but 

the sows’ behaviour also contributes to making teats available to piglets (Špinka et al. 2002). 

4.3.1.2 Post-farrowing data 

Descriptive statistics for traits recorded post-farrowing are shown in Tables 4.3 and 4.4. 

Sow rectal temperature had a mean of 39 °C, varying from 37.4 to 41.4 °C (Table 4.4). Gourdine 

et al. (2007) reported that lactating sows usually maintained their core body temperature at 

around 38.6 °C by balancing heat loss and heat production. Rectal temperature is commonly 

used in the literature to indicate the animal’s thermoregulatory responses to underlying 

conditions (Furniss 1987), identifying both animals that may need treatment and adverse 

environmental temperatures (Gourdine et al. 2007). In an earlier work, Furniss (1987) suggested 

that a rectal temperature of 39.4 °C at 12 to 18 hours after farrowing is an appropriate threshold 

at which to give preventive treatment for mastitis, metritis and agalactia (MMA).  

Table 4.3 Data characteristics for sow traits measured post-farrowing  

Traits N Mean (SD) Min-Max CV (%) 

STEMP (°C) 847 39.0 (0.54) 37.4-41.4 1 
GEST (days) 983 116 (1.59) 110-123 1 
TB (N/litter) 983 12.2 (3.35) 2-21 27 
NBA (N/litter) 983 10.8 (3.27) 0-19 30 
LACT (days) 981 25.2 (5.59) 0-33 22 
FID13 (kg) 861 12.1 (4.71) 0-24 39 
FID17 (kg) 833 31.2 (8.84) 4.5-54 28 
AVEFI (kg/d) 833 4.46 (1.26) 0.64-7.71 28 
NWEAN (N/litter) 981 8.24 (2.73) 0-14 33 
NSURV (N/litter) 847 8.62 (2.92) 0-16 34 

Approximately 17% of the sows recorded in this study were above the threshold level proposed 

by Furniss (1987); with 34% of these being primiparous sows. Gourdine et al. (2007) also noted 

relatively high temperatures in primiparous sows, which they attributed to the greater heat 

tolerance capacity and decreased heat loss efficiency of younger animals. It is also likely that 

primiparous sows will have a relatively higher rate of pre-puerperal or postpartum complications 

than multiparous sows (Mainau 2011). In any case, elevated core body temperature, by either an 

underlying post-partum condition or higher ambient temperature, has been implicated to 

reduce lactational feed intake (O'Grady et al. 1985; Lewis and Bunter 2011a).    
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The mean gestation and lactation length of sows was 116 days (range: 110-123) and 25.2 

days (range: 0-23), respectively. Litter size means were 12.2 (TB) and 10.8 (NBA) per litter across 

all lines. The average total feed intake in the first three (FID13) and seven (FID17) days were 12.1 

and 31.2 kg, respectively. The average feed intake for the first seven days (AVEFI) was 4.46 

kg/day across different parities and lines. On average, 8.6 of the sows’ own piglets survived until 

weaning (NSURV) across lines and fostering patterns, while the average number of piglets reared 

by the sow until weaning (NWEAN) was only 8.2. The lower value for NWEAN compared to 

NSURV is due to cross-fostering piglets onto non-project sows, hence reducing the number 

weaned by project sows. In contrast, NSURV was based on the inventory of outcomes for 

individual piglets by birth sow regardless of which sow they were nursed on. 

Table 4.4 Data characteristics for sow traits scored post-farrowing  

Traits N 
Classes (%) 

Mean (SD) Min-Max CV (%) 
1 2 3 

USCOREF (1-3) 847 86 13.6 0.4 1.14 (0.36) 1-3 32 
NERVE (1-3) 847 68 26 6 1.38 (0.61) 1-3 44 
SEYE (1/2) 847 51 49 na 1.49 (0.50) 1/2 34 

na: not applicable. 

Eighty-six percent of udders were well developed after farrowing, 13.6% moderately 

developed, and 0.4% showing little development (Table 4.4). Comparing mammary development 

before (Table 4.2) and after (Table 4.4) farrowing showed an increase in the proportion of well 

developed udders post-farrowing. This was expected as the rate of mammary gland growth 

increases at farrowing, driven by suckling and milk removal (Hurley 2000).  

Forty-nine percent of the sows had bloodshot eyes, but to different extents. Bloodshot 

eyes have rarely being discussed in the literature, but in practice are attributed to either 

strenuous or too long parturition or underlying post-partum conditions resulting in elevated 

temperatures. Ammonia levels in the farrowing house can also be very high, especially in winter 

when air circulation is poor (when farrowing house is closed up), which can easily irritate the 

mucus membranes of the eyes (Wenger 1999; Phillips et al. 2010).   

4.3.2 Significant systematic effects 

Systematic effects that were significant (P<0.05) for each trait are shown in Table 4.5. 

Factors with significance level P>0.05 were excluded from the model during parameter 

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

Traits Transfer dates Line groups Parity groups INT ND0 

Pre-farrowing 
WT110 (kg) *** *** *** ns na 
P2110 (mm) *** ** ** ns na 
SCON (1-5) *** ns *** ns na 
LOCO (1-3) *** ns *** ns na 
USCORE (1-3) *** ns *** ns na 
AGIT (1-3) *** ns ns ns na 
LESION (1/2) *** ns *** ns na 
COLOS (1/2) *** ns * ** na 
TEAT (N) * *** ns ns na 
FTEAT (N) * *** * ns na 
CFIT (1-3) *** *** *** ns na 
TACC (1-3) *** ** ** ns na 

Post-farrowing 
USCOREF (1-3) *** ns *** ns na 
NERVE (1-3) * ** ns ns na 
SEYE (1/2) ** * ns ns na 
STEMP (°C) * ns *** ns na 
GEST (days) * ns *** ns na 
TB (N/litter) * *** *** ns na 
NBA (N/litter) * *** *** ns na 
LACT (days) *** ns ns ns ns 
FID13 (kg/day) *** ** *** ns ns 
FID17 (kg/day) *** ** *** ns ns 
AVEFI (kg/day) *** ** *** ns ns 
NWEAN (N/litter) * * ns ns *** 
NSURV (N/litter) *** *** *** ns ns 

*** P<0.001; ** P<0.01; * P<0.05; ns: effects not significant at P<0.05; na: not applicable. 

4.3.2.1 Solutions for systematic effects 

To demonstrate seasonal and line group differences, recording dates and sow lines were 

grouped into seasons and line groups. However, transfer dates and line groups were fitted for 

parameter estimation. In some cases, grouping dates or lines reduced significance to P>0.05 

(Table 4.6). Least squares means (LSM) for factors that significantly (P<0.05) affected pre-

farrowing traits are shown in Table 4.6. Sow weight and P2110 were higher in late summer, but 

this was not evident for SCON, which did not significantly differ between the two seasons. This 

outcome was possibly due to the categorical nature of SCON and the inconsistent relationship 

between visual and ultrasound assessment of sow condition (Young et al. 2001). Variation in sow 

development observed between early spring and late summer probably reflected changes to 
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both feeding schedules during gestation, as well as the lower demands during gestation from the 

smaller litters that were farrowed in late summer (Table 4.7).  

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

farrowing  

Traits 
Seasons Line Groups Parity Groups 

early 
spring 

late 
summer 

maternal terminal 1 2 3 4 

WT110 (kg) 
278 

(1.74) 
282 

(1.68) 
ns ns 

236 
(1.91) 

269 
(1.96) 

297 
(2.11) 

318 
(2.34) 

P2110 (mm) 
17.3 

(0.29) 
18.1 

(0.27) 
18.5 

(0.32) 
16.9 

(0.41) 
18.0 

(0.31) 
17.2 

(0.32) 
17.5 

(0.35) 
18.1 

(0.38) 

SCON (1-5) ns ns ns ns 
3.38 

(0.07) 
3.50 

(0.07) 
3.66 

(0.07) 
4.0 

(0.08) 

LOCO (1-3) 
1.27 

(0.03) 
1.44 

(0.03) 
ns ns 

1.25 
(0.03) 

1.28 
(0.03) 

1.40 
(0.04) 

1.50 
(0.04) 

USCORE (1-3) 
1.38 

(0.04) 
1.41 

(0.04) 
ns ns 

1.75 
(0.04) 

1.25 
(0.05) 

1.25 
(0.05) 

1.33 
(0.05) 

AGIT (1-3) 
2.48 

(0.03) 
2.58 

(0.03) 
ns ns ns ns ns ns 

LESION (1/2) 
1.06 

(0.01) 
1.11 

(0.01) 
ns ns 

1.03 
(0.02) 

1.06 
(0.02) 

1.13 
(0.02) 

1.13 
(0.02) 

COLOS (1/2) 
1.15 

(0.02) 
1.08 

(0.02) 
ns ns ns ns ns ns 

TEAT (N) ns ns 
14.0 

(0.10) 
13.6 

(0.12) 
ns ns ns ns 

FTEAT (N) ns ns 
13.6 

(0.11) 
13.1 

(0.14) 
13.5 

(0.10) 
13.3 

(0.10) 
13.4 

(0.11) 
13.2 

(0.13) 

CFIT (1-3) 
2.18 

(0.03) 
2.06 

(0.03) 
ns ns 

1.31 
(0.04) 

1.92 
(0.04) 

2.52 
(0.04) 

2.74 
(0.04) 

TACC (1-3) 
2.24 

(0.03) 
2.16 

(0.03) 
ns ns 

1.44 
(0.04) 

2.05 
(0.04) 

2.59 
(0.05) 

2.74 
(0.05) 

Standard errors are in brackets; ns: difference is not significant at P<0.05. 

Sow locomotion was observed to be better in early spring than in late summer but 

deteriorated as parity group increased. It was not affected by line groups. While line was not a 

significant factor that affected WT110 and SCON, P2110 was higher in maternal compared to 

terminal lines despite the same management and larger TB. This demonstrates that under the 

same management, terminal line sows tended to partition less energy towards sow fat reserves. 

Further, SCON increased with increasing parity number, whereas backfat thickness declined from 

the first to the second parity and increased subsequently, consistent with Lewis and Bunter 

(2011b).  
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The incidences of poor sow locomotion and shoulder lesions increased with parity and 

were also observed more frequently in late summer despite increased fat levels (Boyle et al. 

2002; Bonde et al. 2004). This could reflect increased dampness in housing due to the spray 

cooling systems employed (Le et al. 1984; Davies et al. 1996). 

The assessment of sow agitation due to human presence was not affected by either line 

or parity number. However, sows were less reactive to human presence pre-farrowing in late 

summer relative to early spring, probably due to the lethargic effects of higher ambient 

temperature on animals (Csermely and Nicosia 1991).  

As expected, the total number of teats (13.8) and FTEAT (13.4) were not influenced by 

season but were both higher in maternal than in terminal lines. This reflects differences in 

selection processes between these groups. While TEAT was not different between parity groups, 

the number of FTEAT declined as parity group increased, suggesting accumulated damage 

(mostly towards the caudal end of the sow udder) through successive parities or greater 

propensity for injury with age. Udder development and the presence of colostrum was more 

evident in early spring than in late summer, and USCORE also tended to improve after parity 

one. A study by Farmer and Quesnel (2009) showed that the amount of colostrum produced by 

the sow was determined by individual sow characteristics, nutrition, endocrine status and 

environmental factors. However, the incidence of colostrum presence was not affected by either 

line or parity group in this data. 

Higher scores for CFIT and TACC were evident in early spring compared to late summer 

and increased with parity group. These results suggested that sows were more limited in their 

movements in early spring than in late summer, especially for sows in higher parity groups. Sows 

were also heavier in spring after coming off winter diets. Sow form (size and shape) changes 

during gestation, and with increasing parity number (O'Connell et al. 2007). This result could 

have reflected increased belly distension in early spring due to the larger litters that were 

farrowed (Table 4.7). 

4.3.2.2 Post-farrowing data 

The LSM for factors that significantly (P<0.05) affected post-farrowing traits are shown in 

Table 4.7. Udders scored post-farrowing were better developed in late summer compared to 

early spring and scores increased with parity. Udder score post-farrowing was not affected by 

line group, which was consistent with results for USCORE (Table 4.6).  
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Sows were more reactive to the handling of piglets (NERVE) in early spring than in late 

summer, but line and parity group were not significant. Bloodshot eyes were more prevalent in 

early spring compared to late summer and more prevalent in terminal than in maternal lines, but 

the incidence was not affected by parity. The lack of line differences in AGIT and NERVE suggests 

no substantial differences between the behaviour of maternal and terminal line sows as 

assessed at these time points. 

Rectal temperature showed a decreasing trend after parity two. This is in agreement with 

the findings of Gourdine et al. (2007) who showed a linear decline in rectal temperature of 

lactating sows with increasing parity. This might have implications for addressing sow health and 

may also influence lactation feed intake patterns, as has been previously observed to differ 

between parity (Hermesch et al. 2008; Bunter et al. 2010). 

Gestation length was longer in late summer compared to early spring and decreased with 

increasing parity, but the differences were very small. In contrast, lactation length was longer in 

early spring compared to late summer and was not affected by line or parity groups. Gestation 

length is influenced by litter size and the genotype of the litter and the sow (Rydhmer and 

Lundeheim 2005), while lactation length is mostly determined by the management protocol 

followed in a production unit. To maintain optimal mating routines and batch-wise production 

system (Engblom et al. 2007), sows with longer gestation lengths normally have shorter lactation 

lengths and vice versa due to fixed weaning dates, as was the case in this production system. 

Litter size was higher in early spring than in late summer and higher in maternal then in 

terminal lines, as expected. This is consistent with the results of previous studies (Armstrong et 

al. 1986; Imboonta et al. 2007) that indicated low ambient temperature increased embryo 

survival. Further, litter size increased from parity group one to three but declined thereafter, 

which is similar to patterns observed by Roehe and Kennedy (1995).  
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Table 4.7 Least squares means for sow traits at farrowing 

Traits 

Seasons Line Groups Parity Groups 

early 

spring 

late 

summer 
maternal terminal 1 2 3 4 

USCOREF (1-3) 
1.14 

(0.02) 

1.11 

(0.02) 
ns ns 

1.28 

(0.02) 

1.07 

(0.03) 

1.08 

(0.03) 

1.06 

(0.03) 

NERVE (1-3) 
1.42 

(0.03) 

1.35 

(0.03) 
ns ns ns ns ns ns 

SEYE (1/2) 
1.60 

(0.03) 

1.44 

(0.03) 

1.46 

(0.02) 

1.58 

(0.03) 
ns ns ns ns 

STEMP (°C) ns ns ns ns 
39.1 

(0.04) 

39.1 

(0.04) 

39.0 

(0.04) 

38.8 

(0.05) 

GEST (days) 
116.2 

(0.11) 

116.5 

(0.11) 
ns ns 

116.7 

(0.13) 

116.4 

(0.13) 

116.2 

(0.14) 

116.1 

(0.15) 

TB (N/litter) 
12.0 

(0.18) 

11.7 

(0.17) 

12.7 

(0.16) 

10.9 

(0.25) 

10.8 

(0.20) 

11.8 

(0.22) 

12.6 

(0.24) 

12.1 

(0.26) 

NBA (N/litter) 
10.5 

(0.19) 

10.2 

(0.18) 

11.4 

(0.19) 

9.31 

(0.26) 

9.39 

(0.21) 

10.6 

(0.23) 

11.1 

(0.24) 

10.5 

(0.27) 

LACT (days) 
25.9 

(0.29) 

24.4 

(0.28) 
ns ns ns ns ns ns 

FID13 (kg) 
13.5 

(0.25) 

10.1 

(0.25) 

12.6 

(0.23) 

10.9 

(0.34) 

10.7 

(0.29) 

12.2 

(0.33) 

12.3 

(0.34) 

11.9 

(0.37) 

FID17 (kg) 
34.1 

(0.47) 

27.3 

(0.47) 

32.4 

(0.43) 

28.9 

(0.64) 

27.2 

(0.53) 

31.8 

(0.62) 

32.2 

(0.64) 

31.6 

(0.70) 

AVEFI (kg/d) 
4.87 

(0.07) 

3.90 

(0.07) 

4.64 

(0.06) 

4.13 

(0.09) 

3.88 

(0.08) 

4.55 

(0.09) 

4.60 

(0.09) 

4.51 

(0.10) 

NWEAN (N/litter) 
8.35 

(0.13) 

8.06 

(0.13) 
ns ns ns ns ns ns 

NSURV (N/litter) 
8.75 

(0.19) 

7.95 

(0.18) 

9.06 

(0.20) 

7.64 

(0.27) 

7.47 

(0.21) 

8.88 

(0.23) 

8.78 

(0.24) 

8.28 

(0.26) 

Standard errors are in brackets; ns: difference is not significant at P<0.05. 

The number of the sows’ own piglets that survived until weaning (NSURV) was higher in 

early spring and in maternal lines than in late summer or terminal lines. Eighty-four percent of 

piglets born alive survived until weaning in early spring compared to 79% in late summer. 

Increased NSURV in early spring therefore reflects both higher TB and better survival rates. Raw 

survival rates were 81% for parity group one, 85% for parity group 2, and 81% for parity groups 

three and four. In terms of litter size, parity groups three and four were much higher than gilts; 

however, after considering survival rates, it could be said that sows in parity groups three and 

four were no better than gilts for piglets survived. The difference between line groups for NBA 
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(2.1 pigs/litter) decreased at weaning to only 1.4 pigs/litter, due to the higher survival rates of 

terminal line pigs. 

The number of piglets successfully weaned (NWEAN) by the sow was also higher in early 

spring, corresponding to higher NSURV observed in the same period; most piglets were reared 

by their biological mother. However, NWEAN was not affected by either line or parity groups 

because cross fostering strategies in this herd equally distributed piglets across sows regardless 

of line or parity. Providing survival rates/nurse sow were similar, no difference in NWEAN would 

be expected post cross-fostering. 

Lactation feed intake traits (FID13, FID17, and AVEFI) were lower in late summer than in 

early spring, consistent with the results of Bunter et al. (2010) from the same herd in a different 

time period and Jones and Hermesch (Jones and Hermesch 2007) from other herds. Feed intake 

was higher in maternal compared to terminal line sows despite higher sow fat levels. This 

demonstrates that while sow fatness can affect lactation feed intake (Eissen et al. 2000), 

differences in sow appetite are also important in influencing lactation intake levels (Kerr and 

Cameron 1996). Feed intake increased until parity group three and then dropped in parity group 

four. In contrast, O’Grady et al. (1985) observed a gradual increase in feed intake with advancing 

parity, attributing this to increasing maintenance energy requirement associated with age-

related increases in body weight. This phenomenon is less relevant for the 3 to 7 day period of 

measurement in this study. The drop in feed intake in parity group four in this study could also 

have resulted from poorer locomotion and crate fit in this group of sows, restricting their ability 

to stand for feed. 

4.3.3 Estimates of heritabilities 

Heritability (h2) estimates from univariate analyses (Table 4.8) for P2110, SCON, and GEST 

were moderate (range: 0.33 to 0.39). The estimate of heritability for backfat thickness (0.33) was 

lower than values of 0.48 reported by Högberg and Rydhmer (2000), but consistent with values 

reported by Hermesch (2001a) and Bunter et al. (2009b) from this population. Estimates of 

heritability for body condition score was higher (0.39) and similar to the value of 0.31 that was 

reported by ten Napel et al. (1998) from two lines of Dutch Landrace pigs, using a similar scoring 

system of 1 (emaciated) to 5 (too fat). The heritability estimate for GEST was slightly increased 

(0.37) when total born was fitted as a linear covariate in the model of analysis, similar to the 

value of 0.44 reported by Hermesch (2001a) from the same population and higher than 0.20 that 
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was reported by Rydhmer et al. (2008) in a Swedish  nucleus herd. Repeatabilities for these traits 

were also high (>0.40), indicating a significant permanent environmental effect of the sow on 

these traits, with SCON as an exception. 

Heritability estimates for WT110, USCORE, TEAT, and STEMP were slightly lower (range: 

0.14 to 0.19). The estimate of heritability (0.19) for sow body weight before farrowing (WT110) 

was in agreement (0.19) with Grandinson et al. (2005) from a Swedish herd of purebred 

Yorkshire, but slightly lower than the value of 0.28 that was presented by Bunter et al. (2009b) 

from pregnant gilts recorded in the same population.  

The estimate of heritability for udder development observed before farrowing was 0.14, 

but was significantly lower (0.05) after farrowing. These results suggest that variation observed 

amongst individual sows in udder development after farrowing is not generally genetic in origin. 

The lower heritability estimate for USCOREF compared to USCORE could have resulted from 

variability introduced by suckling before scoring USCOREF and Phase II initiation of milk 

production. Heritability estimates for udder conformation traits in breeding sows have not been 

widely reported, but these results are generally below the available estimates of heritabilities for 

udder traits (range: 0.13 to 0.34) recorded in dairy cattle (Dube et al. 2008) and sheep (Casu et 

al. 2006).  

The number of teats, on the other hand, had a heritability estimate of 0.16, which is 

within the range reported for sows (Enfield and Rempel 1961; Brjar et al. 1993) and boars (Smith 

et al. 1986) in the literature. The relatively low estimate of heritability for teat number was 

expected since teat numbers of animals recorded in this study were all greater than ten. The 

heritability estimate for functional teats in this study was even lower and not different from 

zero. This is in contrast to the heritability estimates for total (0.38) and functional (0.30) teats of 

Landrace sows reported by Marois and Larochelle (2008). 
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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 

Traits N h2 ±se pe2±se r±se σ2p R2 (%) 

Pre-farrowing 
WT110 (kg) 1006 0.19±0.09 0.43±0.09 0.62±0.03 610 64 
P2110 (mm) 906 0.33±0.11 0.28±0.11 0.62±0.04 13.9 14 
SCON (1-5) 919 0.39±0.11 0.06±0.11 0.45±0.05 0.65 19 
LOCO (1-3) 1007 0.08±0.07 0.20±0.08 0.29±0.05 0.23 13 
USCORE (1-3) 919 0.14±0.05 B 0.14±0.05 0.33 14 
AGIT (1-3) 919 0.04±0.07 0.15±0.09 0.19±0.06 0.37 8 
LESION (1/2) 919 0.10±0.05 B 0.10±0.05 0.07 12 
COLOS (1/2) 919 B 0.02±0.06 0.02±0.06 0.09 10 
TEAT (N) 919 0.16±0.10 0.82±0.10 0.98±0.02 1.16 4 
FTEAT (N) 919 0.06±0.09 0.77±0.09 0.83±0.02 1.76 3 
CFIT (1-3) 919 B 0.13±0.06 0.13±0.06 0.28 54 
TACC (1-3) 919 B B B 0.40 41 

Post-farrowing 
USCOREF (1-3) 847 0.05±0.05 B 0.05±0.05 0.12 11 
NERVE (1-3) 847 B 0.18±0.06 0.18±0.06 0.36 4 
SEYE (1/2) 847 0.01±0.08 0.13±0.10 0.14±0.06 0.24 6 
STEMP (°C) 847 0.19±0.10 0.12±0.10 0.31±0.06 0.28 6 
GEST (days) 981 0.37±0.10 0.21±0.10 0.58±0.04 2.45 5 
TB (N/litter) 983 0.06±0.08 0.23±0.10 0.29±0.05 10.1 9 
NBA (N/litter) 983 0.10±0.09 0.20±0.10 0.30±0.05 9.37 10 
LACT (days) 981 0.06±0.05 B 0.06±0.05 30.5 4 
FID13 (kg) 861 0.08±0.09 0.06±0.10 0.14±0.06 18.4 21 
FID17 (kg) 833 0.07±0.09 0.12±0.11 0.19±0.07 61.8 24 
AVEFI (kg/d) 833 0.07±0.09 0.12±0.11 0.19±0.07 1.26 24 
NWEAN (N/litter) 981 B 0.26±0.06 0.26±0.06 7.33 5 
NSURV (N/litter) 847 0.14±0.10 0.21±0.11 0.36±0.06 7.53 9 

Estimates in bold exceed 2x their se; B: estimate fixed at the boundary of zero. 

The heritability estimate for STEMP was 0.19, somewhat lower than the values reported 

by  Gourdine et al. (2007) for sows in tropical humid climates. While the rectal temperature of 

sows in this study was taken within the first 24 hours post-farrowing, rectal temperature of sows 

studied by Gourdine et al. (2007) was measured throughout the entire lactation period (h2: 0.28 

to 0.32).  

Heritability estimates for LOCO, AGIT, LESION, SEYE, and LACT were very low (h2: ≤ 0.10) 

on the observed scale. Sow locomotion (LOCO) or lameness assessed pre-farrowing had a 

heritability estimate of 0.08, much lower than the range of values (0.16-0.33) reported by 

Gregory and Grandin (2007) who also used a three point scale on pregnant sows.  
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Aversion to contact with humans (AGIT) had a heritability of 0.04, similar to the value of 

0.08 that was reported by Grandinson et al. (2003) but lower to that (0.14 – 0.17) reported by 

Vangen et al. (2005), who used questionnaires to gather information on sow behavioural traits. 

The longer observation period of questionnaire studies better enable the farmer to summarise 

observations of the sows’ behaviour (Vangen et al. 2005), leading to higher estimates of 

heritability. On the other hand, Hemsworth et al. (1990) reported an estimated heritability of 

0.38 for aversion to contact with humans, higher than was observed in this study. Large 

differences between heritability estimates for behavioural traits highlight the difficulties for 

assessing behaviour in an accurate or meaningful manner. 

The heritability estimate for the presence of shoulder lesion was 0.10, slightly higher than 

the value of 0.04 from Swedish Landrace and Landrace x Yorkshire sows that was reported by 

(Bradley 2005), but lower than that (0.25) reported by Lundgren et al. (2012) from purebred 

Norwegian Landrace, estimated on the underlying scale.  

The estimate of heritability for bloodshot eyes after farrowing was 0.01 and no other 

studies have reported heritabilities for this trait. The heritability for lactation length was 0.06, 

which was the same as that reported by Bunter et al. (2009a) for primiparous sows reared in the 

same population. Where lactation failure does not occur, heritability for LACT should be low, 

other than that resulting indirectly from heritable variation in GEST. Lactation length was mostly 

influenced by management strategies in order to meet targeted lactation length and animal 

movements. 

The lactation feed intake (FID13, FID17, and AVEFI) and the reproductive (LACT, TB, NBA, 

and NSURV) traits were found to be lowly heritable. The heritability estimates for total feed 

intake in the first three days (FID13) was 0.08, which was also estimated from the same 

population (but different sows) by Bunter et al. (2009a). Lactation feed intake in this study was 

only recorded in the first seven days of lactation (FID17) and yielded a heritability estimate of 

0.07. This was lower than the heritability of 0.17 reported by Hermesch et al. (2008) for average 

feed intake recorded in the first week of lactation from N=2286 sows. Similar estimates (0.18) 

was reported by Bunter et al. (2009a) for the whole lactation period in two maternal sow lines 

(N=2200).   

Total number born, number born alive, and piglet survival until weaning had heritability 

estimates of 0.06, 0.10, and 0.14, respectively; in line with values reported in the literature 

(Lamberson and Johnson 1984; Ferguson et al. 1985; Knol et al. 2002b; Bunter et al. 2009a). In 
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general, reproductive traits are lowly heritable (Roehe and Kennedy 1995; Bunter et al. 2009a), 

indicating that a high proportion of variation observed is not genetic, but environmental in 

origin. Variance due to the permanent environmental effect of the sow (pe2) was negligible for 

these traits, resulting in low repeatabilities. 

The traits CFIT, TACC, COLOS, NERVE, and NWEAN were not heritable at all, suggesting 

that the causes of observed variation in these traits were non-genetic. It is important to note 

that the systematic effects account for a lot of variation in these traits. The almost perfect 

repeatability of TEAT, which can be expected if counting teats is 100% accurate, was not fully 

reflected by the same high repeatability in FTEAT, as some teat damage will vary from one 

farrowing event to the next.  

The repeatabilities for CFIT and TACC indicated that sows consistently filled their 

farrowing crates due to length, but variable sow body condition and litter size altered evaluation 

of piglet access to teats. Sow parity and weight were the major determinants of suitability of 

farrowing crate facilities for individual sows.  

Overall, the standard error for heritability estimates of traits were high (range: 0.05 to 

0.11), reflecting the limited size of the data set. However, heritabilities and variances obtained 

are consistent with expectations from other studies. 

4.3.4 Correlations between sow traits 

On the basis of univariate estimates, further bivariate analyses were not performed for 

traits characterised by both low heritabilities and repeatabilities. These included TACC, COLOS, 

USCOREF, and SEYE. These traits are not useful from a breeding perspective due to the lack of 

any indication of a genetic contribution to performance or even consistency across farrowings at 

the sow level. On the other hand, TACC was mostly described by sow parity and line and could 

possibly be better assessed post-farrowing when the size of the sows’ pregnant belly is not 

influencing the score. The appearance of COLOS pre-farrowing for individual sows does not 

appear heritable, and these estimates were not influenced when GEST was added to the model 

as a covariate. In addition, preliminary analyses identified that some traits are genetically 

identical (example: FID17 and AVEFI), therefore only results for FID17 are presented to avoid 

repetition. 
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4.3.4.1 Phenotypic and residual correlations 

Overall, many sow characteristics were independent of each other both phenotypically 

and genetically (Table 4.9). There was a moderate and positive estimate (0.42±0.03) of 

phenotypic correlation between sow body weight and backfat thickness. The correlation was 

slightly higher than the value of 0.36±0.02 found by Bunter et al. (2009b) from the same 

population when backfat thickness was measured at the last rib. While weight and fat are 

positively correlated, sow weight is a poor predictor of fatness pre-farrowing. Nevertheless, a 

good understanding of the optimal body weight and backfat thickness is essential to 

approximate the nutrient and energy requirements of the breeding sow (Ramaekers 2012). 

Moderate correlations were also found between sow body condition scores and weight 

(0.44±0.03) and backfat thickness (0.39±0.03). These correlation coefficients suggest that visual 

body condition scoring does not only depend on the level of backfat, but also on the amount of 

muscle (Maes et al. 2004). Further, the moderate correlation observed between sow body 

condition and backfat thickness suggested that subjective scoring was also not sufficient to 

obtain a reliable measure of the backfat levels of the sow. Maes et al. (2004) investigated the 

significance of backfat levels in three commercial pig herds and found similar correlations 

between sow condition and backfat thickness (0.32-0.38). Body condition score and backfat have 

been previously shown to be poorly associated with each other (Young et al. 2001). Young et al. 

(2004) reported that when sows were fed according to targeted backfat levels, they farrowed in 

the required backfat range (17 to 21 mm). That was not true when they were fed based on body 

condition score. These results suggest that subjective scoring, even though cheaper, is 

insufficient to obtain a reliable estimate of the backfat levels of sows. 

The phenotypic correlations between sow traits showed that heavier and fatter sows in 

good condition had lower feed intake in early lactation but these correlations were <0.20. This is 

in agreement with Young et al. (2004) who found that feed intake at farrowing of high backfat 

(>21 mm) sows was lower than the feed intake of sows with lower backfat (<21 mm). Sows are 

known for their predisposition to utilise available body reserves to support milk production 

during lactation (Grandinson et al. 2005). However, sows that fail to eat enough throughout the 

complete lactation tend to lose more weight and backfat before weaning, resulting in low piglet 

weaning weight, long weaning-to-mating interval or non-productive days, and higher culling 

rates (Young et al. 2004; Grandinson et al. 2005). Feed intake of sows over the complete 

lactation in this study was not recorded.  
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A small negative phenotypic correlation (-0.08±0.03) existed between sow condition and 

the presence of shoulder lesions, indicating that fatter sows were less likely to have shoulder 

lesions. This finding is in agreement with Zurbrigg (2006) who reported that sows with higher body 

condition score were less likely to develop lesions due to an increased depth of muscle and fat 

which provided a cushioning effect when lying laterally.  

In contrast, a low but positive correlation (0.10±0.03) was observed between locomotion 

and the presence of shoulder lesions. Studies have indicated that poor body condition and 

lameness were risk factors associated with the development of shoulder lesions in sows. Sows 

housed in stalls or crates during gestation tend have weaker bones compared to those in group 

housing (Boyle et al. 2000). This, according to Sather and Fredeen (1982), may be the primary 

factor in the incidence and severity of structural weakness in breeding sows. Regardless of the 

underlying causes, risk of developing sows with mobility problems are less able to stand easily to 

feed, resulting in both low feed intake and high prevalence of shoulder lesions. According to 

(Gregory and Grandin 2007), lameness can lead to uncontrolled lying behaviour, leading to 

shoulder lesions and piglet crushing. 

The phenotypic correlation between AGIT and NERVE was also low (-0.10±0.03), 

indicating that sows that were less averse to human presence pre-farrowing were also less 

reactive when their piglets were being handled. While less reactive sows could be a sign of 

improved welfare (Grandin and Deesing 1988), the lack of attention shown in response to piglets 

being handled is also potentially a risk factor. A negative phenotypic correlation was also 

observed between rectal temperature and sow reaction when piglets were handled, indicating 

that sows with higher rectal temperature (an indication of poor health) were less reactive to 

their piglets being handled. This could potentially restrict the sows’ ability to respond 

immediately to the piglets’ distress calls in events of crushing and request for milk. 
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Table 4.9 Estimates of genetic correlations (rA, below diagonal) and phenotypic correlations (rP, above diagonal) between sow traits 

Traits WT110 P2110 SCON LOCO USCORE AGIT LESION TEAT FTEAT NERVE STEMP GEST TB NBA LACT FID13 FID17 

WT110 (kg)  
 

0.42 
(0.03) 

0.44 
(0.03) 

0.06 
(0.03) 

0.01 
(0.03) 

-0.001 
(0.03) 

-0.02 
(0.03) 

0.03 
(0.04) 

-0.02 
(0.04) 

-0.06 
(0.04) 

0.003 
(0.04) 

0.03 
(0.04) 

0.13 
(0.03) 

0.10 
(0.03) 

0.0002 
(0.03) 

-0.16 
(0.04) 

-0.16 
(0.04) 

P2110 (mm) 0.36 
(0.26) 

 0.39 
(0.03) 

-0.11 
(0.03) 

0.03 
(0.04) 

0.004 
(0.04) 

-0.05 
(0.03) 

-0.13 
(0.04) 

-0.09 
(0.04) 

-0.007 
(0.04) 

-0.02 
(0.04) 

0.04 
(0.05) 

-0.07 
(0.04) 

-0.01 
(0.04) 

0.09 
(0.03) 

-0.14 
(0.04) 

-0.19 
(0.04) 

SCON (1-5) 0.66 
(0.20) 

0.45 
(0.18) 

 -0.01 
(0.03) 

-0.01 
(0.03) 

-0.01 
(0.03) 

-0.08 
(0.03) 

-0.02 
(0.04) 

-0.002 
(0.04) 

-0.04 
(0.04) 

-0.004 
(0.04) 

0.08 
(0.04) 

-0.01 
(0.04) 

0.001 
(0.04) 

0.04 
(0.03) 

-0.05 
(0.04) 

-0.10 
(0.04) 

LOCO (1-3) 0.31 
(0.52) 

-0.11 
(0.40) 

-0.39 
(0.35) 

 -0.03 
(0.03) 

-0.03 
(0.03) 

0.10 
(0.03) 

0.04 
(0.04) 

-0.01 
(0.04) 

-0.04 
(0.04) 

-0.02 
(0.04) 

0.05 
(0.03) 

0.005 
(0.03) 

0.005 
(0.03) 

-0.01 
(0.03) 

-0.07 
(0.04) 

-0.09 
(0.04) 

USCORE (1-3) 0.11 
(0.29) 

-0.03 
(0.25) 

-0.13 
(0.22) 

0.09 
(0.39) 

 -0.02 
(0.03) 

0.03 
(0.03) 

-0.02 
(0.03) 

-0.02 
(0.03) 

-0.05 
(0.03) 

0.06 
(0.04) 

0.07 
(0.03) 

-0.01 
(0.03) 

-0.02 
(0.03) 

-0.08 
(0.03) 

-0.003 
(0.04) 

-0.02 
(0.04) 

AGIT (1-3) -0.01 
(0.68) 

0.08 
(0.59) 

-0.29 
(0.47) 

-0.10 
(0.78) 

-0.17 
(0.55) 

 0.02 
(0.03) 

-0.02 
(0.04) 

-0.03 
(0.03) 

-0.10 
(0.03) 

-0.01 
(0.04) 

-0.004 
(0.03) 

0.0002 
(0.03) 

0.01 
(0.03) 

0.04 
(0.03) 

0.03 
(0.04) 

0.04 
(0.04) 

LESION (1/2) -0.81 
(0.45) 

-0.61 
(0.36) 

-0.36 
(0.27) 

-0.74 
(0.63) 

0.20 
(0.26) 

-0.11 
(0.56) 

 0.07 
(0.03) 

0.06 
(0.03) 

0.005 
(0.03) 

0.003 
(0.03) 

0.03 
(0.03) 

0.02 
(0.03) 

0.03 
(0.03) 

-0.04 
(0.03) 

-0.02 
(0.04) 

-0.01 
(0.04) 

TEAT (N) -0.47 
(0.42) 

-0.87 
(0.43) 

-0.33 
(0.32) 

-0.16 
(0.60) 

-0.02 
(0.34) 

0.75 
(0.77) 

-0.07 
(0.41) 

 
 

0.79 
(0.01) 

0.005 
(0.04) 

0.06 
(0.04) 

0.05 
(0.04) 

-0.04 
(0.04) 

-0.03 
(0.04) 

-0.02 
(0.03) 

-0.04 
(0.04) 

-0.04 
(0.04) 

FTEAT (N) -0.95 
(0.82) 

nr -0.61 
(0.63) 

nr -0.04 
(0.53) 

nr -0.34 
(0.60) 

nr  
 

0.003 
(0.04) 

0.08 
(0.04) 

0.07 
(0.04) 

-0.03 
(0.04) 

-0.01 
(0.04) 

0.02 
(0.03) 

-0.002 
(0.04) 

0.01 
(0.04) 

NERVE (1-3) B 
 

B B ne B B ne B B  -0.09 
(0.04) 

-0.08 
(0.04) 

-0.07 
(0.04) 

-0.04 
(0.04) 

0.07 
(0.03) 

0.16 
(0.03) 

0.13 
(0.04) 

STEMP (°C) -0.01 
(0.37) 

-0.41 
(0.29) 

-0.05 
(0.28) 

0.36 
(0.53) 

0.12 
(0.29) 

0.23 
(0.60) 

0.16 
(0.34) 

-0.42 
(0.40) 

-0.35 
(0.75) 

ne  
 

0.07 
(0.04) 

0.04 
(0.04) 

0.03 
(0.04) 

-0.07 
(0.03) 

-0.16 
(0.04) 

-0.10 
(0.04) 

GEST (days) 0.08 
(0.28) 

0.14 
(0.24) 

-0.12 
(0.22) 

nr 0.20 
(0.22) 

0.06 
(0.42) 

0.08 
(0.26) 

-0.44 
(0.33) 

-0.85 
(0.71) 

ne 0.07 
(0.28) 

 -0.19 
(0.03) 

-0.17 
(0.03) 

-0.17 
(0.03) 

-0.01 
(0.04) 

0.01 
(0.04) 

TB (N/litter) 0.56 
(0.70) 

0.45 
(0.51) 

nr nr -0.31 
(0.51) 

nr 0.09 
(0.59) 

-0.09 
(0.69) 

nr B 0.64 
(0.61) 

-0.37 
(0.49) 

 0.87 
(0.01) 

0.10 
(0.03) 

-0.002 
(0.04) 

0.03 
(0.04) 

NBA (N/litter) 0.85 
(0.71) 

0.70 
(0.46) 

0.92 
(0.56) 

nr -0.33 
(0.40) 

nr 0.27 
(0.44) 

-0.15 
(0.54) 

-0.08 
(0.86) 

B 0.12 
(0.48) 

-0.23 
(0.37) 

0.73 
(0.31) 

 0.15 
(0.03) 

0.02 
(0.04) 

0.04 
(0.04) 

LACT (days) ne ne nr ne ne ne ne ne ne ne ne ne ne ne  0.13 
(0.04) 

0.19 
(0.04) 

FID13 (kg) 0.26 
(0.54) 

-0.22 
(0.41) 

0.02 
(0.43) 

0.49 
(0.89) 

0.20 
(0.39) 

nr nr 0.03 
(0.57) 

0.13 
(0.88) 

B -0.66 
(0.47) 

0.14 
(0.41) 

nr 0.29 
(0.68) 

ne  0.86 
(0.01) 

FID17 (kg) 0.43 
(0.73) 

-0.03 
(0.50) 

0.06 
(0.54) 

-0.02 
(0.85) 

0.13 
(0.46) 

nr ne -0.05 
(0.63) 

ne B -0.47 
(0.57) 

0.50 
(0.53) 

nr 0.10 
(0.75) 

ne nr  

nr: not supplied (se of estimate >0.9); ne: not estimated; B: estimate fixed at the boundary of zero; estimates in bold exceed 2x their se. 
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Udder development pre-farrowing (USCORE) had a low positive phenotypic correlation 

(0.07±0.03) with gestation length (GEST). Therefore, lack of development at scoring may reflect 

the progress of gestation; sows with poorly developed udders were more likely to be further 

away from farrowing compared to sows with more developed udders. Poor USCORE was 

associated with shorter lactations, but GEST and LACT were negatively correlated because of a 

fixed lactation length target. Therefore, this should not be taken as an indication that pre-

farrowing USCORE was indicative of lactation potential.  

The very high phenotypic correlation (0.86±0.01) between FID13 and FID17, suggested 

that intake in the first three days could be a good indication of higher feed intake in the first 

week of lactation, but an autocorrelation also exists. Lactation feed intake traits also showed a 

positive phenotypic correlation with LACT, suggesting that sows achieving longer lactation 

lengths consumed more in early lactation. Further, NERVE had positive correlations (0.07 to 

0.16) between LACT, FID13, and FID17, suggesting that sows that were more reactive when 

piglets were handled also had longer lactation length and ate more. The negative correlations (-

0.07 to -0.16) between sow rectal temperature and LACT, FID13 or FID17 showed the opposite, 

whereby sows with higher rectal temperature had shorter lactation, and ate less at least in the 

first 3 and 7 days of lactation, supporting the findings of Bunter et al. (2009a). Shorter lactation 

lengths have also been associated with lower average feed intake (Koketsu et al. 1996; Lewis and 

Bunter 2011b) and poor sow health (e.g. as indicated by medication rates) (Bunter et al. 2009a).  

Negative phenotypic correlations were recorded between GEST and TB or NBA (-

0.19±0.03 and -0.17±0.03), indicating that sows with large litters tended to farrow earlier than 

those gestating small litters (Sasaki and Koketsu 2006; Rydhmer et al. 2008). In addition, there 

was a positive but low phenotypic correlation between LACT and TB or NBA (0.10±0.03 and 

0.15±0.03), demonstrating that sows with large litters have longer LACT. However, longer GEST 

was followed by shorter lactations (-0.17±0.03).   

In general, correlations between residual effects (Table 4.10) between the sow traits are 

in the same direction and magnitude with their corresponding estimates of phenotypic 

correlations for most trait combinations. Most were low across all traits, similar to the findings of 

Crump et al. (1997) and Chen et al. (2003), who reported low environmental correlations 

between performance and litter traits of sows. 
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4.3.4.2 Genetic correlations 

Many estimates of genetic correlations (Table 4.9) between traits were close to zero, and 

large standard errors make it difficult to draw solid conclusions for associations between some 

traits. However, most genetic correlations were similar to the corresponding phenotypic 

correlations. 

Estimates of the genetic correlations between SCON and WT110 or P2110 (rA: 0.66±0.20; 

rA: 0.45±0.18) were very high, indicating that sows that were heavier and fatter at farrowing also 

had higher condition score, but SCON was more strongly correlated with WT110 than P2110. The 

estimate of genetic correlation between WT110 and P2110 was not significantly different from 

zero (rA: 0.36±0.26) but similar to the value (rA: 0.29±0.11) reported by Bunter et al. (2009b) in 

first parity sows, and consistent with expectations from the literature (e.g. Solanes et al. 2009).  

The surprisingly high negative genetic correlation between P2110 and TEAT (rA: -

0.87±0.43) indicates that sows with low backfat pre-farrowing were genetically likely to have 

more teats. In contrast, Smith et al. (1986) reported a much lower but positive estimate (rA: 

0.29±0.20) between backfat and teat number of boars, obtained from paternal half-sib analysis 

across three lines. Since not many studies report results on this correlation, the true relationship 

is uncertain, but appears negative in this study based on rA and rP, which were both significantly 

different from zero. However, it is important to remember that breeding sows are not a random 

sample of the herd, particularly with respect to teat number. Therefore, genetic parameters may 

be biased. 

 The positive and high genetic correlation (rA: 0.73±0.31) between TB and NBA confirmed 

the high correlation between these two traits. A similar value of 0.88 was reported by Nguyen et 

al. (2003b). The estimate of the genetic correlation between P2110 and TB or NBA (rA: 0.45±0.51 

and 0.70±0.46) was highly positive but not significantly different from zero. This result was 

relatively higher than the values (range: 0.17-0.20) reported by others (Mote et al. 2000; Chen et 

al. 2003) and in contrast to low negative genetic correlations reported by Bereskin (1984) and 

Short et al. (1994) between backfat thickness and litter size (rA: -0.12, -0.03, -0.08). There is no 

obvious explanation for this discrepancy in the direction or magnitude of parameter estimates. 

However, the data were relatively limited and the standard errors are large. Overall, rSOW 

between most attributes (Table 4.10) were similar in direction to their genetic correlations, but 

the magnitude of correlations tended to be lower.  
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Table 4.10 Estimates of sow (permanent environment and genetic: rSOW, below diagonal) and residual (rE, above diagonal) effects between sow traits 

Traits WT110 P2110 SCON LOCO USCORE AGIT LESION TEAT FTEAT NERVE STEMP GEST TB NBA LACT FID13 FID17 

WT110 (kg)  
0.40 

(0.05) 
0.37 

(0.05) 
0.04 

(0.06) 
0.06 

(0.06) 
-0.02 
(0.06) 

-0.05 
(0.06) 

0.06 
(0.07) 

-0.12 
(0.06) 

-0.07 
(0.06) 

0.12 
(0.06) 

0.01 
(0.06) 

0.15 
(0.06) 

0.15 
(0.06) 

-0.08 
(0.06) 

-0.33 
(0.05) 

-0.34 
(0.06) 

P2110 (mm) 
0.43 

(0.05) 
 

0.15 
(0.06) 

0.03 
(0.06) 

0.07 
(0.06) 

-0.02 
(0.07) 

0.08 
(0.07) 

0.03 
(0.07) 

0.05 
(0.07) 

-0.12 
(0.07) 

0.07 
(0.07) 

0.08 
(0.06) 

-0.07 
(0.06) 

-0.08 
(0.06) 

0.05 
(0.07) 

-0.29 
(0.06) 

-0.28 
(0.06) 

SCON (1-5) 
0.53 

(0.06) 
0.62 

(0.07) 
 

0.05 
(0.06) 

-0.08 
(0.06) 

-0.01 
(0.06) 

-0.002 
(0.06) 

0.07 
(0.06) 

-0.004 
(0.06) 

-0.10 
(0.06) 

0.14 
(0.06) 

0.13 
(0.06) 

0.06 
(0.06) 

0.05 
(0.06) 

0.02 
(0.06) 

-0.08 
(0.06) 

-0.10 
(0.06) 

LOCO (1-3) 
0.10 

(0.09) 
-0.30 
(0.10) 

-0.13 
(0.12) 

 
0.02 

(0.06) 
-0.03 
(0.06) 

0.06 
(0.06) 

0.02 
(0.07) 

-0.08 
(0.06) 

0.07 
(0.06) 

-0.05 
(0.06) 

0.03 
(0.06) 

-0.06 
(0.06) 

-0.06 
(0.06) 

-0.03 
(0.06) 

-0.18 
(0.06) 

-0.24 
(0.06) 

USCORE (1-3) B B nr B  
-0.08 
(0.06) 

0.01 
(0.06) 

0.03 
(0.07) 

0.08 
(0.07) 

-0.08 
(0.06) 

0.11 
(0.06) 

0.15 
(0.06) 

-0.03 
(0.06) 

-0.07 
(0.06) 

-0.13 
(0.06) 

-0.19 
(0.06) 

-0.12 
(0.06) 

AGIT (1-3) 
0.03 

(0.12) 
0.04 

(0.12) 
-0.02 
(0.14) 

-0.04 
(0.18) 

B  
0.06 

(0.06) 
-0.06 
(0.06) 

-0.12 
(0.06) 

-0.08 
(0.06) 

0.04 
(0.06) 

-0.16 
(0.06) 

0.25 
(0.05) 

0.24 
(0.06) 

0.09 
(0.06) 

0.01 
(0.06) 

0.03 
(0.06) 

LESION (1/2) 
0.07 

(0.39) 
nr nr nr B nr  

-0.01 
(0.07) 

-0.05 
(0.06) 

0.01 
(0.06) 

0.01 
(0.06) 

0.07 
(0.06) 

-0.04 
(0.06) 

-0.04 
(0.06) 

0.03 
(0.06) 

0.08 
(0.06) 

0.05 
(0.06) 

TEAT (N) 
0.04 

(0.05) 
-0.17 
(0.05) 

-0.04 
(0.06) 

0.08 
(0.07) 

B 
-0.03 
(0.08) 

nr 
 
 

0.39 
(0.05) 

0.06 
(0.06) 

-0.03 
(0.06) 

0.001 
(0.07) 

0.01 
(0.07) 

0.01 
(0.07) 

-0.05 
(0.07) 

-0.04 
(0.07) 

0.03 
(0.07) 

FTEAT (N) 
0.02 

(0.05) 
-0.14 
(0.06) 

-0.002 
(0.07) 

0.04 
(0.08) 

B 
0.02 

(0.10) 
nr 

0.85 
(0.01) 

 
 

0.03 
(0.06) 

-0.03 
(0.06) 

0.06 
(0.06) 

-0.01 
(0.06) 

-0.05 
(0.06) 

-0.10 
(0.07) 

0.07 
(0.06) 

0.10 
(0.07) 

NERVE (1-3) 
-0.07 
(0.12) 

0.17 
(0.13) 

0.09 
(0.16) 

ne B 
-0.18 
(0.23) 

ne 
-0.006 
(0.09) 

-0.02 
(0.10) 

 
-0.08 
(0.06) 

-0.08 
(0.06) 

-0.06 
(0.06) 

-0.10 
(0.06) 

0.10 
(0.06) 

0.10 
(0.06) 

0.09 
(0.06) 

STEMP (°C) 
-0.14 
(0.10) 

-0.14 
(0.10) 

-0.26 
(0.13) 

0.06 
(0.15) 

B 
-0.16 
(0.18) 

-0.04 
(0.62) 

0.11 
(0.07) 

0.18 
(0.08) 

ne 
 
 

-0.03 
(0.06) 

0.03 
(0.06) 

0.02 
(0.06) 

-0.16 
(0.06) 

-0.19 
(0.06) 

-0.16 
(0.06) 

GEST (days)  
0.04 

(0.07) 
0.01 

(0.07) 
0.03 

(0.08) 
0.09 

(0.10) 
B 

0.26 
(0.13) 

-0.18 
(0.53) 

0.07 
(0.05) 

0.08 
(0.06) 

ne 
0.19 

(0.10) 
 

-0.26 
(0.05) 

-0.27 
(0.05) 

-0.11 
(0.06) 

-0.02 
(0.06) 

-0.09 
(0.06) 

TB (N/litter) 
0.12 

(0.09) 
-0.08 
(0.10) 

-0.13 
(0.12) 

0.16 
(0.15) 

B 
-0.77 
(0.23) 

nr 
-0.08 
(0.07) 

-0.05 
(0.08) 

-0.09 
(0.19) 

0.06 
(0.15) 

-0.13 
(0.09) 

 
0.87 

(0.01) 
0.01 

(0.06) 
-0.07 
(0.06) 

-0.03 
(0.06) 

NBA (N/litter) 
0.06 

(0.09) 
0.08 

(0.10) 
-0.08 
(0.12) 

0.16 
(0.15) 

nr 
-0.68 
(0.21) 

nr 
-0.06 
(0.07) 

0.01 
(0.08) 

0.17 
(0.19) 

0.05 
(0.15) 

-0.04 
(0.10) 

0.85 
(0.04) 

 
0.10 

(0.06) 
-0.06 
(0.06) 

-0.05 
(0.06) 

LACT (days) ne ne ne ne ne ne ne ne ne ne ne ne ne ne  
0.18 

(0.06) 
0.22 

(0.06) 

FID13 (kg) 
0.08 

(0.15) 
0.07 

(0.15) 
0.01 

(0.17) 
0.35 

(0.24) 
nr 

0.11 
(0.27) 

nr 
-0.09 
(0.09) 

-0.08 
(0.11) 

0.49 
(0.25) 

-0.08 
(0.20) 

0.005 
(0.15) 

0.26 
(0.22) 

0.30 
(0.22) 

ne  
0.84 

(0.02) 
FID17 (kg) 
 

0.10 
(0.14) 

-0.10 
(0.13) 

-0.10 
(0.16) 

0.40 
(0.23) 

nr 
0.04 

(0.24) 
ne 

-0.09 
(0.09) 

-0.06 
(0.11) 

0.30 
(0.25) 

0.09 
(0.20) 

0.19 
(0.13) 

0.22 
(0.20) 

0.33 
(0.20) 

ne 
0.99 

(0.06) 
 

nr: not supplied (se of estimate >0.9); ne: not estimated; B: estimate fixed at the boundary of zero; estimates in bold exceed 2x their se. 
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4.3.5 Correlations between the sow and piglet survival attributes 

The number of piglets successfully weaned (NWEAN) by the sow includes all piglets that 

were reared by the sow until weaning, regardless of whether they were piglets recorded in the 

project. The number of piglets weaned was zero if the lactation period was terminated early and 

piglets are moved onto another sow or if all piglets died; otherwise, the value recorded 

represented the number weaned. The targeted weaning age was 28 days. The fostering status of 

a piglet (fostered or not) could not be explicitly accommodated in models for sow traits since it 

involves on and off events of both project and non-project piglets. 

In contrast, the number of piglets born to the sow that survived (NSURV) was based on 

an inventory of individual piglet deaths. This record only included project piglets, some of which 

were fostered onto other sows and survived until weaning. Variations in performance of 

unknown foster mums (dams) might influence results. However, 80% of piglets were reared by 

their own dams in any case, and fostered piglets need the capacity to survive regardless of the 

sow on which they nurse. 

4.3.5.1 Correlations between sow attributes and NWEAN 

The estimates of correlation between the number of piglets weaned (NWEAN) and the 

characteristics of the sow recorded pre- and post-farrowing are shown in Table 4.11. Given that 

NWEAN was not heritable (Table 4.8), estimates of genetic correlations (rA) cannot be provided. 

However, there could be a genetic component within rpe due to sampling correlations between 

additive genetic and permanent environmental effects.  

Residual (-0.13±0.06) and to a lesser extent phenotypic (-0.06±0.04) correlations between 

rectal temperature of the sow and the number of piglets weaned by that sow were negative. 

High rectal temperature, whether due to high ambient temperature (affecting all sows) or post-

partum fever (affecting some sows), could lead to low feed intake and reduced milk production 

(Renaudeau and Noblet 2001), leading to an increase in piglet mortality (Lay et al. 2002). 

Correlations between STEMP and feed intake traits or NWEAN observed in this study are 

consistent with those expectations. 
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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) 

Traits 
NWEAN 

rPE rE rP 

WT110 (kg) 0.13±0.19 -0.04±0.06 -0.05±0.03 
P2110 (mm) 0.22±0.23 0.06±0.07 0.03±0.04 
SCON (1-5) nr 0.12±0.06 -0.001±0.03 
LOCO (1-3) -0.09±0.26 -0.03±0.06 -0.08±0.03 
USCORE (1-3) B -0.05±0.06 -0.02±0.03 
AGIT (1-3) -0.25±0.36 0.08±0.06 0.07±0.03 
LESION (1/2) B 0.06±0.06 -0.01±0.03 
TEAT (N) -0.05±0.13 -0.02±0.07 0.02±0.04 
FTEAT (N) 0.06±0.13 -0.03±0.07 0.07±0.03 
NERVE (1-3) B 0.04±0.04 0.04±0.03 
STEMP (°C) 0.24±0.43 -0.13±0.06 -0.06±0.04 
GEST (days) 0.10±0.27 -0.04±0.06 -0.02±0.03 
TB (N/litter) 0.23±0.25 -0.13±0.06 -0.01±0.03 
NBA (N/litter) 0.53±0.27 -0.07±0.06 0.06±0.03 
LACT (days) nr 0.65±0.03 0.66±0.02 
FID13 (kg) 0.49±0.44 0.20±0.06 0.13±0.04 
FID17 (kg) 0.70±0.41 0.21±0.06 0.19±0.04 
NSURV (N/litter) 0.62±0.24 0.21±0.06 0.30±0.03 

nr: not supplied (se of estimate >0.9); B: estimate fixed at the boundary of zero; estimates in 

bold exceed 2x their se. 

In contrast, a positive estimate of rE (0.12±0.06) was found between NWEAN and SCON. 

However, this was not shown by the phenotypic correlation between these two traits, 

suggesting that the increase in NWEAN for sows with good SCON could be due to management, 

whereby more piglets were put on sows commencing lactation in good body condition, thus 

weaning more. Estimates of environmental correlation between NWEAN and feed intake traits 

(FID13, 0.20±0.06 and FID17, 0.21±0.06) were also positive and moderate, consistent with the 

corresponding phenotypic correlations. Environmental factors associated with increased feed 

intake were also associated with increased number of piglets weaned. A relatively high rE 

(0.65±0.03) consistent with rP, was observed between NWEAN and LACT, suggesting that the 

same environment supports longer lactation and an increased number of piglets weaned. In 

most commercial herds, lactation lengths are based primarily on management decisions, taking 

into account the performance levels of both the sow and her piglets. While thin or problem sows 

or those rearing unhealthy litters are more likely to be dried off earlier, lactation lengths of those 

with better body condition and mothering abilities will reach the targeted lactation length. 

Therefore, there is a strong autocorrelation between NWEAN and LACT. 
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The positive phenotypic correlation (rP) observed between NWEAN and AGIT indicated 

that sows that were more accepting of human presence pre-farrowing reared more piglets to 

weaning. Lensink et al. (2009a) proposed that sows with poor human acceptance tended to 

show more movements and as a result crushed more piglets, leading to higher mortality. Results 

from this study support that. This association is not, however, accurately observed for NSURV, 

where some piglets are reared by other sows. 

A negative phenotypic correlation was also observed between NWEAN and LOCO, 

suggesting that sows with good locomotion would successfully rear more piglets to weaning 

relative to sows with poor locomotion. Sows with poor locomotion have poor agility and sudden 

lying behaviour (Schenck et al. 2008), leading to greater risk of crushing to the piglets (Damm et 

al. 2005). In addition, sows with poor locomotion observed in this study also had a tendency 

(P<0.10) towards low feed intake in the first week of lactation (not presented).  

The phenotypic correlation between NWEAN and FTEAT was lowly positive but 

significantly different from zero. This relationship indicated that FTEAT was the best descriptor of 

the sows’ capacity to wean more piglets rather than TEAT. However, teat condition of the 

recipient sow is considered before any cross-fostering is done in this population. Similarly, the 

phenotypic correlation between NWEAN and NBA was low and differed significantly from zero, 

implying that an increase in NBA would increase NWEAN, but this is unclear for individual sows 

because of cross-fostering. 

The phenotypic correlations between NSURV and NWEAN were positive and moderate. 

This relationship suggested that maintaining a high survival rate from birth to weaning is 

important in improving the number of piglets weaned, which is one of the major goals and 

measure efficiency in production. However, the rP between these traits was substantially less 

than 1, demonstrating a discrepancy between the effects of the sow as a dam versus the sow as 

a nurse.  

4.3.5.2 Correlations between sow traits and NSURV 

The estimates of correlation between the number of the sows’ own piglets that survived 

(NSURV) and the characteristics of the sow recorded pre- and post-farrowing are shown in Table 

4.12. It is important to note that NSURV included project piglets, some of which were cross-

fostered onto other sows. Therefore, sow traits associated with NSURV represented the 

combination of gestation and early farrowing and lactation outcomes, the quality of piglets at 
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birth as well as mothering ability for piglets nursed, but with the latter effect reduced for some 

litters. 

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) 

Traits 
NSURV 

rA rPE rE rP 

WT110 (kg) -0.17±0.43 0.14±0.24 0.05±0.06 0.04±0.04 
P2110 (mm) 0.18±0.36 -0.10±0.31 -0.15±0.07 -0.06±0.04 
SCON (1-5) 0.34±0.37 nr 0.01±0.06 -0.02±0.04 
LOCO (1-3) 0.46±0.62 -0.46±0.38 0.06±0.06 -0.01±0.04 
USCORE (1-3) -0.64±0.35 B -0.10±0.06 -0.03±0.04 
AGIT (1-3) nr nr 0.13±0.06 -0.03±0.04 
LESION (1/2) 0.55±0.42 B -0.06±0.06 0.02±0.04 
TEAT (N) 0.21±0.51 -0.02±0.17 -0.03±0.07 0.02±0.04 
FTEAT (N) 0.66±0.88 -0.10±0.18 -0.08±0.07 -0.01±0.04 
NERVE B -0.15±0.29 -0.03±0.06 -0.01±0.04 
STEMP (0C) 0.45±0.44 -0.20±0.54 -0.04±0.06 0.02±0.04 
GEST (days) -0.31±0.35 0.41±0.39 -0.15±0.06 0.08±0.04 
TB (N/litter) 0.70±0.43 0.72±0.15 0.54±0.04 0.62±0.02 
NBA (N/litter) 0.83±0.22 0.93±0.10 0.71±0.03 0.77±0.01 
LACT (days) ne B 0.13±0.07 0.13±0.03 
FID13 (kg) -0.17±0.60 -0.12±0.64 0.02±0.06 -0.02±0.04 
FID17 (kg) 0.07±0.68 -0.05±0.50 0.01±0.07 0.01±0.04 

nr: not supplied (se of estimate >0.9); ne: not estimated; B: estimate fixed at the boundary of 

zero. 

The estimates of genetic correlations (rA) between NSURV and all the sow traits, except 

NBA, were not significantly different from zero. Estimates of rA between NSURV and AGIT, GEST, 

or TB exceeded one, while the estimate of rA or rPE between NSURV and LACT was not estimated 

as the heritability estimate for LACT was very low. Estimates of rA for NSURV and NBA were 

highly positive (0.83±0.22) and consistent with the corresponding estimates for rE and rP. The 

estimate of rPE between these two traits was above one. Estimates of correlation between TB 

and NSURV were also high and positive. For comparison, correlations between NSURV and NBA 

or TB were much higher than were observed between these traits with NWEAN, because TB 

and/or NBA set the upper limit for NSURV.  

The rE between NSURV and AGIT was low and positive (0.13±0.06), demonstrating that 

environmental factors that favoured good acceptance of humans by sows also favoured 

increased piglet survival. However, no rP was observed between these two traits, indicating the 
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lack of association between AGIT and NSURV. The environmental effect between all other traits 

and NSURV were low and not significantly different from zero, with the exception of TB and NBA. 

Phenotypic correlations between NSURV and TB or NBA were high and positive. These 

associations highlighted the importance of litter size on survival rate, but the association is 

stronger between NSURV and NBA. This phenomenon has been observed previously (e.g. see 

review by Bunter (2009). These results, therefore, supported the use of NBA over TB as a 

selection criterion.  

The estimate of rP between NSURV and GEST was low and positive (0.08±0.04) when 

GEST was adjusted for the total number of piglet born. This result was consistent with the 

findings of others (Rydhmer and Lundeheim 2005). A much lower estimate of rP was recorded 

between NSURV and LACT than between this trait and NWEAN. Generally, all rP were altered 

between sow traits and NWEAN versus NSURV due to fostering. However, sows with longer 

gestation length have piglets that survive better regardless of the nurse sow, supporting the use 

of GEST as a possible selection trait. 

4.4 Conclusions 

When cross-fostering is practiced, the heritability for NWEAN can be negligible. However, 

heritability for NSURV remains low. From these results, NSURV derived by inventory was more 

heritable than NWEAN and should be used as a selection trait. However, it requires a high level 

of recording. Weight of the sow pre-farrowing, USCORE, LESION, TEAT, STEMP and NBA were 

lowly heritable (range: 0.10 to 0.19). Heritability estimates of other sow traits were either very 

low (<0.10) or non-existent (COLOS, CFIT, TACC and NERVE).  

Overall, most of the traits were not strongly associated with each other. Significant 

phenotypic correlations were observed between sow body composition pre-farrowing and early 

lactation feed intake. Results also showed a negative (unfavourable) correlation between the 

sows’ rectal temperature post-farrowing and lactation feed intake, suggesting that lactation feed 

intake could drop as a result of a higher body temperature. These findings highlighted the 

importance of maintaining appropriate management and health of breeding sows along with 

farrowing conditions to improve both their welfare and performance. 

Number weaned (NWEAN) was phenotypically correlated with AGIT, FTEAT, or lactation 

feed intake traits (FID13, and FID17); attributes that are important for nursing sow performance. 
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On the other hand, GEST and NBA or TB had significant and positive phenotypic correlations with 

NSURV. Therefore, litter size and gestation length are important attributes of dams for piglet 

survival; and GEST in particular is highly heritable. Heritability and repeatability estimates were 

high for NBA, making it a better selection criterion than TB.  
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Chapter 5 

Piglet characteristics at birth and their associations with piglet survival, 

when treated as traits of the sow 

5. Introduction 

Improving postnatal survival is essential in maximising the production efficiency of a 

herd, but direct selection on survival outcomes alone is difficult due to its low (range: 0.03 to 

0.10) heritability, even when treated as trait of the sow (Knol et al. 2002b; Mesa et al. 2006). 

However, it is plausible that genetic improvement could be improved through indirect selection 

on piglet traits that are correlated with survival outcomes (Knol et al. 2002b).  

Studies have shown that selection based on average piglet birth weight when treated as 

trait of the sow can improve survival, due to its relatively high heritability (Kerr and Cameron 

1995; Knol et al. 2002b; Damgaard et al. 2003; Canario et al. 2006a; Bunter et al. 2009b) and 

positive phenotypic correlations (Hermesch 2001b; Roehe et al. 2009) with piglet survival. These 

authors have proposed that selection based on high birth weight instead of on piglet survival 

itself should improve pre-weaning survival. This strategy was disputed by others (Grandinson et 

al. 2002; Damgaard et al. 2003; Su et al. 2008) who reported positive estimates of genetic 

correlation between birth weight and stillbirth, suggesting that still births tend to increase as 

birth weight increases, making selection for birth weight as an indirect way to improve overall 

survival uncertain (Knol et al. 2002b).  

Apart from birth weight, associations between piglet survival and other piglet traits have 

also been studied. For instance, piglet rectal temperature was reported (Casellas et al. 2004a; 

Baxter et al. 2009) to affect piglet survival and was positively associated with weight at birth. 

Baxter et al. (2008) recommended ponderal index, a weight to size proportionality measure, as a 

good indicator of prenatal (but not postnatal) survival in outdoor farrowing systems. In fact, 

behavioural (Fraser 1990; Tuchscherer et al. 2000), biochemical (Baxter et al. 2009; Devillers et 

al. 2011) and physiological factors (Zaleski and Hacker 1993b) have all shown favourable 

associations with maturity at birth, which is known to also influence preweaning survival. 

Estimates of genetic parameters for most of these traits when analysed as traits of the sow are 



79 
 

scarce and their contributions towards piglet survival also treated as a sow trait, are unknown. In 

a manner similar to birth weight, these characteristics might also be better considered as a trait 

of the sow rather than a trait of individual piglets. 

Importantly, collection of sufficient data on a wide range of individual piglet traits for the 

estimation of genetic parameters are necessary, but could be time consuming and expensive. It 

is therefore imperative to consider those piglet traits that are inexpensive and practical to 

measure at birth, which adequately define better piglets and improve pre-weaning survival.  

In the previous Chapter, we looked at sow attributes independent of piglet characteristics 

that might accompany these characteristics. In this Chapter, piglet characteristics are also 

considered. The first objective of this study was to investigate the associations between piglet 

attributes at birth with their own survival, when both are treated as traits of the sow. The 

second objective was to establish the association between sow traits and attributes of their 

piglets.  

5.1 Material and Methods 

Data from the population described in Chapter 3 were used in this study. All piglets 

recorded were purebred piglets, farrowed within the same facility at one site. 

5.1.1 Data editing and statistical analyses 

For this study, the individual piglet data were averaged within birth litter to generate 

each sow-litter record, denoted by “_S”. Sow trait values that exceeded the biological norms 

and/or deviated from the mean by more than 1.5 times the inter-quartile range were deleted. 

The final data represented 847 sow records (litters) generated from 9133 individually recorded 

piglets born to 610 sows. 

Univariate analyses were used to develop models for systematic effects and to obtain 

initial estimates of genetic parameters under an animal model using ASREML (Gilmour et al. 

2008), as described in Chapter 4. 
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5.2 Results and discussion 

5.2.1 Data characteristics 

Data characteristics for the derived sow traits are shown in Table 5.1. All piglets within a 

litter were recorded but not all litters were recorded for all traits. Coefficients of variation (CV) 

ranged from very low (PTEMP_S and CRUMP_S) to moderate (PINDEX_S, BWT_S and NSURV). 

Low CV for PTEMP_S was expected as body temperature is tightly regulated. The low CV for 

piglet length was accompanied by a higher CV for PINDEX_S, more similar to the CV for BWT_S. 

Since sow records are litter averages, the min-max range illustrates that a whole litter 

(e.g.: SHIV_S, PEYE_S and INCIS_S) could be affected or not for score traits. However, for most 

traits it was more usual for only some piglets to be affected within a litter. The mean incidence 

of bloodshot eyes in piglets was relatively high but mostly observed to be mild (not recorded). In 

addition to indicating birth trauma, PEYE_S, could also be an indication of ammonia presence 

(Jones et al. 1996). Therefore, the high incidence rate of blood shot eyes in piglets may 

potentially indicate ammonia more reliably than birth trauma. 

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

Traits N Mean (SD) Min-Max CV% 

BWT_S (kg) 840 1.59 (0.26) 0.8-2.4 16 
CRUMP_S (cm) 847 22.9 (1.52) 18-29 7 
PINDEX_S (kg/m3) 840 132 (19.2) 85-188 15 
PCON_S (1-3) 847 2.66 (0.34) 1.0-3.0 13 
PTEMP_S (°C) 847 38.0 (0.52) 35.7-39.2 1 
MSTAIN_S (1/2) 847 1.00 (0.02) 1.0-1.4 2 
SHIV_S (1/2) 847 1.30 (0.35) 1.0-2.0 27 
PEYE_S (1/2) 847 1.75 (0.27) 1.0-2.0 15 
INCIS_S (1/2) 847 1.35 (0.31) 1.0-2.0 23 
SCOL_S (1/2) 847 1.01 (0.06) 1.0-1.5 6 
RESP_S (1-3) 847 1.10 (0.16) 1.0-3.0 15 
MTONE_S (1-3) 847 1.14 (0.21) 1.0-3.0 18 
HYD_S (1-3) 847 1.22 (0.28) 1.0-3.0 23 
NSURV (N/litter) 847 8.62 (2.92) 0-16 34 
NWEAN (N/litter) 847 8.16 (2.75) 0-14 34 

 

Meconium staining and pale skin colour (SCOL_S) had very low incidences, while the 

incidences of shivering or incisor eruption were moderate. The low incidence for SCOL_S could 

be attributed to its very brief occurrence at the time of birth. Zaleski and Hacker (1993b) stated 

that pale skin colour at the moment of farrowing could very quickly change to pink with the 
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onset of respiration. Therefore scoring colour at 1 minute after birth could provide a better 

indication of piglet viability but this is not really feasible. Scoring of skin colour in this study was 

not done at farrowing. Piglets that were still pale post-farrowing (<24 hours from farrowing) 

likely represent excessive umbilical cord rupture and bleeding at  birth (Mota-Rojas et al. 2012). 

The relatively low proportions of piglets with adverse scores for RESP_S, MTONE_S, and HYD_S 

support a high percentage of normal piglets recorded at birth.  

Overall, means for these piglet attributes when averaged by litter were similar to the 

means derived for individual piglet records (Chapter 3). Overall, the coefficients of variation 

were lower, indicating low variation between sow averages.   

5.2.2 Significant systematic effects 

Systematic effects that were significant (P<0.05) for each trait are shown in Table 5.2. 

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

analyses  

Traits Systematic effects Linear covariate 

Transfer dates Line groups Parity groups Total born 

BWT_S (kg) *** *** *** *** 
CRUMP_S (mm) *** ** *** *** 
PINDEX_S (kg/m3) *** ns * ns 
PCON_S (1-3) *** *** *** *** 
PTEMP_S (°C) *** ns ns ** 
MSTAIN_S (1/2) * ns * ns 
SHIV_S (1/2) *** ns * ns 
PEYE_S (1/2) *** ns ns *** 
INCIS_S (1/2) *** *** ns *** 
SCOL_S (1/2) * ** ns ** 
RESP_S (1-3) *** * * *** 
MTONE_S (1-3) *** *** *** *** 
HYD_S (1-3) *** ** ** *** 
NSURV (N/litter) *** *** *** na 
NWEAN (N/litter) * * ns ** 

*** P<0.001; ** P<0.01; * P<0.05; ns: effects not significant at P<0.05; na: not applicable. 

The size of the litter gestated was considered as a linear covariate for all traits (except 

NSURV) due to its influence on farrowing outcomes as well as its contribution to the error of 

measurement for each litter average. Model factors and their significance level for each trait 

were mostly the same as those presented in Chapter 3 (Table 3.5) when traits were modelled at 

the piglet level.  
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Transfer dates had significant (P<0.001) effects on all traits, but to a lesser (P<0.05) 

extent on MSTAIN_S and SCOL_S, and NWEAN. Line groups were significant for all traits except 

PINDEX_S, PTEMP_S, MSTAIN_S, SHIV_S, and PEYE_S. Parity groups did not significantly affect 

PTEMP_S, PEYE_S, INCIS_S, SCOL_S, and NWEAN, but had significant (P<0.05) effects on other 

piglet attributes. Total born was significant (P<0.05) for all traits except PINDEX_S, MSTAIN_S, 

and SHIV_S. Factors that were not significant (P>0.05) were removed from the model during 

parameter estimation. 

5.2.2.1 Solutions for systematic effects 

The least squares means for systematic effects (seasons, line groups, and parity groups) 

are presented in Table 5.3, with the groupings as described in Chapter 4, Section 3.2.1. It is 

important to note that seasonal differences could represent effects due to the actual seasonal 

differences as well as the recording period. Average piglet birth weight and PCON_S were 

relatively higher in late summer compared to early spring, corresponding to reduced TB in late 

summer (Chapter 4, Table 4.7), and in agreement with the reported negative associations 

between piglet birth weight and litter size. Average piglet rectal temperature (PTEMP_S) was 

also higher in late summer than in early spring. Both higher ambient temperatures and increased 

BWT_S in late summer could have prevented piglets from losing body heat, hence maintaining a 

higher rectal temperature. The incidence of shivering (SHIV_S) was lower in summer, consistent 

with higher ambient and rectal temperatures observed in the same period. However, a lower 

incidence of incisor eruption (INCIS_S) seen, despite lower litter size (Chapter 4, Table 4.7) and 

higher birth weights (Table 5.3), suggested a somewhat lower development for weight state for 

piglets born in late summer.  

Scores for piglet vitality traits (RESP_S, MTONE_S and HYD_S), where the lowest score 

indicates normal function, were less favourable in early spring, corresponding to high litter sizes 

(Chapter 4, Table 4.7), indicating lower piglet viability. Work done by Canario et al. (2006b) on 

relationships between farrowing traits and litter size found that higher litter size was associated 

with longer farrowings, and reduced piglet vitality. From these results, it could be postulated 

that the lower SURV experienced in late summer could be at least in part attributed to the 

higher vulnerability of less mature piglets to pathogens (high during summer in this herd: 

Chapter 4).  
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Piglets born to terminal lines were heavier, but appeared less developed, as indicated by 

a lower incidence of INCIS_S. When comparing parity groups, piglets born to first parity sows 

were the lightest, in agreement with Koketsu et al. (1999). Even though TB was lower for the first 

parity sows, BWT_S was not increased, reflecting that the litter sizes of first parity sows were 

both smaller and lighter compared to higher parity sows on average. In addition, scores for 

vitality traits (RESP_S, MTONE_S and HYD_S) were also higher. This could indicate poorer 

farrowing outcomes which contribute to the higher mortality rate of piglets born to first parity 

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

Traits 
Seasons Line Groups Parity Groups 

early spring late summer maternal terminal 1 2 3 4 

BWT_S (kg) 1.59 (0.02) 1.63 (0.02) 1.57 (0.02) 1.65 (0.03) 1.48 (0.02) 1.66 (0.02) 1.67 (0.02) 1.62 (0.02) 

CRUMP_S (cm) 23.7 (0.10) 22.3 (0.09) ns ns 22.6 (0.11) 23.3 (0.11) 23.3 (0.12) 23.0 (0.13) 

PINDEX_S (kg/m3) 118 (0.73) 145 (0.72) 130 (0.59) 133 (0.98) ns ns ns ns 

PCON_S (1-3) 0.15 (0.02) 0.43 (0.02) 0.37 (0.02) 0.21 (0.03) 0.42 (0.02) 0.28 (0.02) 0.21 (0.02) 0.24 (0.03) 

PTEMP_S (°C) 37.8 (0.03) 38.2 (0.03) ns ns 37.9 (0.03) ns ns ns 

MSTAIN_S (1/2) 0.004 (0.001) 0.001 (0.001) ns ns 0.0001 (0.001) 0.001 (0.001) 0.006 (0.001) 0.002 (0.002) 

SHIV_S (1/2) 0.47 (0.02) 0.13 (0.02) ns ns 0.29 (0.02) 0.26 (0.02) 0.34 (0.02) 0.31 (0.02) 

PEYE_S (1/2) 0.82 (0.01) 0.67 (0.01) ns ns ns ns ns ns 

INCIS_S (1/2) 0.40 (0.02) 0.23 (0.02) 0.37 (0.02) 0.25 (0.03) ns ns ns ns 

SCOL_S (1/2) 0.02 (0.003) 0.01 (0.003) ns ns ns ns ns ns 

RESP_S (1-3) 0.12 (0.01) 0.06 (0.01) 0.11 (0.01) 0.07 (0.01) 0.12 (0.01) 0.07 (0.01) 0.08 (0.01) 0.09 (0.01) 

MTONE_S (1-3) 0.20 (0.01) 0.06 (0.01) 0.15 (0.01) 0.11 (0.02) 0.17 (0.01) 0.10 (0.02) 0.13 (0.02) 0.12 (0.02) 

HYD_S (1-3) 0.40 (0.01) 0.05 (0.01) 0.26 (0.01) 0.20 (0.02) 0.28 (0.02) 0.22 (0.02) 0.21 (0.02) 0.20 (0.02) 

NSURV (N/litter) 8.75 (0.19) 7.95 (0.18) 9.06 (0.20) 7.64 (0.27) 7.47 (0.21) 8.88 (0.23) 8.78 (0.24) 8.28 (0.26) 

NWEAN (N/litter) 8.33 (0.15) 7.92 (0.15) ns ns ns ns ns ns 

ns: difference is not significant at P<0.05; standard errors are in brackets. 
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5.2.3 Estimates of heritabilities 

Heritability (h2) estimates (Table 5.4) were moderate for BWT_S and CRUMP_S (h2: 0.30 

and 0.37) but very low (h2: 0.07) for PINDEX_S; the variation in BWT_S was strongly associated 

with the piglet form (size and length). Repeatabilities for BWT_S and CRUMP_S were large (r: 

>0.50) supporting a significant permanent environmental effect of the sow on these piglet 

attributes. Piglet birth weight has been suggested (Hermesch 2001b; Fix et al. 2010; Roehe et al. 

2010) as a potential trait for genetic selection due to its phenotypic association with survival. The 

heritability estimate from these data was slightly lower than reported (h2: 0.39) by Damgaard et 

al. (2003), but consistent with previous estimates from this population (Bunter et al. 2010). In 

comparison, h2 and pe2 for PINDEX_S were much lower; suggesting that variation in piglet 

dimensions relative to weight was not a heritable or repeatable trait. The h2 for PCON_S, which 

was a subjective assessment, was much lower than the corresponding h2 for BWT_S, suggesting 

that scoring of piglet condition is relatively inaccurate compared to the use of scales to weigh 

piglets. However, in order for differences between sows to be large, a considerable proportion of 

the litter would need to obtain scores in only one category and this was rarely the case. 

Heritability estimates for PTEMP_S, PINDEX_S, MSTAIN_S, SHIV_S, PEYE_S, SCOL_S, 

MTONE_S, and HYD_S were all very low (<0.10). Repeatabilities were of the same magnitude, 

indicating low permanent environmental effects of the sow for these traits. This result indicates 

that these piglet characteristics generally represent temporary environmental factors pertinent 

to the litter recorded, rather than genetic or permanent environmental effects of the sow. The 

low estimates of h2 and pe2 for RESP_S suggests that respiratory difficulties are somewhat 

repeatable between litters of the same sow. This suggests that, lung maturity of piglets at birth 

may genetically differ between sows. This might be, therefore, expected to be corrected with 

gestation length. Low repeatabilities generally indicate that farrowing outcomes from one litter 

to the next depends more on prevailing temporary environment then specific characteristics of 

individual sows.  

In contrast, estimates of heritability and repeatability for INCIS_S were moderate 

(0.24±0.11 and 0.43±0.05), with a low permanent environment effect (0.18±0.12). There have 

been no other published studies on the genetic basis of porcine tooth eruption and emergence. 

Therefore, no comparisons could be drawn. However, recent studies (Hughes et al. 2007; 

Bockmann et al. 2010) analysing emergence data for primary incisor teeth in Australian twins 
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reported a strong genetic contribution to the observed variation and high heritability estimates 

(range: 0.82 to 0.94), with estimates for the lower right lateral incisor and the lower canines of 

0.50 (Bockmann et al., 2010). 

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 

Traits N h2 ±se pe2 r±se σ2
P R2 (%) 

BWT_S (kg) 840 0.30±0.12 0.36±0.12 0.65±0.04 0.04 30 
CRUMP_S (cm) 847 0.37±0.12 0.19±0.12 0.56±0.04 1.48 36 
PINDEX_S (kg/m3) 840 0.07±0.08 0.03±0.10 0.10±0.07 183 57 
PTEMP_S (°C) 847 0.05±0.07 0.10±0.09 0.15±0.06 0.26 16 
NSURV (N/litter) 847 0.14±0.10 0.21±0.11 0.36±0.06 7.53 9 
NWEAN (N/litter) 847 B 0.23±0.07 0.23±0.07 7.53 4 

Scored traits 
PCON_S (1-3) 847 0.02±0.08 0.30±0.10 0.32±0.06 0.07 37 
MSTAIN_S (1/2) 847 0.04±0.05 B 0.04±0.05 0.0004 3 
SHIV_S (1/2) 847 0.08±0.08 0.01±0.10 0.08±0.07 0.09 29 
PEYE_S (1/2) 847 0.06±0.05 B 0.06±0.05 0.05 32 
INCIS_S (1/2) 847 0.24±0.11 0.18±0.12 0.43±0.05 0.08 13 
SCOL_S (1/2) 847 B B B 0.003 4 
RESP_S (1-3) 847 0.13±0.09 0.14±0.10 0.27±0.06 0.02 17 
MTONE_S (1-3) 847 0.05±0.08 0.011±0.10 0.16±0.07 0.03 29 
HYD_S (1-3) 847 0.03±0.05 B 0.03±0.05 0.06 41 

B: estimate fixed at the boundary of zero; estimates in bold exceed 2x their se. 

The heritability estimate for NSURV in this study was low (0.14±0.10), consistent with 

other literature values for piglet survival treated as a trait of the sow (Lamberson and Johnson 

1984; Ferguson et al. 1985; Mesa et al. 2006), ranging from 0.03 to 0.18. It also agrees with 

previous findings (Knol et al. 2002a; Cecchinato et al. 2008) that there is genetic variation for 

piglet preweaning survival, which can be exploited in breeding programs, but the large 

environmental variance makes selection for this trait difficult (Knol et al. 2002a). Combining 

selection for litter size with piglet survival (which are both heritable), should yield better 

outcomes for piglets than selecting for NWEAN, which is not heritable. 

When comparing NSURV with other sow traits such as TB, NBA or NWEAN, it is apparent 

that selecting sows according to NSURV would be better to improve piglet outcomes (Table 5.5). 

Apart from its higher heritability (0.14), repeatability of NSURV (0.36) in this study was higher 

than the repeatabilities of TB (0.29), NBA (0.30), or NWEAN (0.26), indicating that selecting sows 

according to NSURV can potentially improve current herd performance better when compared 
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to the other sow traits. This will be examined briefly in Chapter 7. To date, this has not generally 

been practised, as cross-fostering does not allow the recording of NSURV unless piglets are 

individually inventoried.  

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)  

Sow traits (N/litter) h2 σ2
p σ2

pe r rANSURV rPNSURV rPNWEAN 

TB  0.06 10.1 0.23 0.29 >1.0 0.62 -0.01 
NBA  0.10 9.37 0.20 0.30 0.83 0.77 0.06 
NSURV  0.14 7.53 0.21 0.36 1.0 1.0 0.30 
NWEAN 0 7.33 0.26 0.26 ne 0.30 1.0 

ne: not estimable.             

5.2.4 Correlations between traits 

On the basis of univariate estimates (Table 5.4), correlations between MSTAIN_S, SCOL_S 

and HYD_S with the other traits were not estimated due to their negligible heritabilities and 

repeatabilities. These attributes are not useful from a breeding perspective due to the lack of 

any indication of genetic contribution, or consistency at the sow level. In addition, they should 

also not be used as culling reasons with an expectation of improving the performance of the 

current herd for piglet survival.  

5.2.4.1 Correlations between average piglet attributes 

5.2.4.2 Phenotypic and residual correlations 

Correlations between average piglet attributes are shown in Table 5.6. High estimates of 

phenotypic correlations were observed between BWT_S, CRUMP_S, and PCON_S, indicating 

strong relationships between weight, length and the subjective assessment of piglet body 

condition at birth. Phenotypic correlations of these traits (BWT_S, CRUMP_S, and PCON_S) with 

PRESP_S or MTONE_S were also high, but negative. Piglets that were heavier, longer and with 

good body condition at farrowing were less likely to have poor muscle tone or difficulties in 

breathing, consistent with the findings of Alonso-Spilsbury et al. (2005).  

Phenotypic correlations between BWT_S and PINDEX_S or PEYE_S were low and positive, 

indicating that heavier piglets were slightly heavier for size and more likely to have bloodshot 

eyes following birth. Heavy piglets have increased difficulties in navigating the vaginal canal at 
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birth and have a greater risk of severe hypoxia (Fahmy et al. 1978), which could contribute to an 

increase incidence of bloodshot eyes for heavy piglets in this study. The estimate of phenotypic 

correlation between BWT_S and PTEMP_S was moderate and positive, confirming that heavier 

piglets were also better able to thermoregulate, maintaining higher body temperature after 

birth, consistent with other studies (Hoy et al. 1994; Christison et al. 1997; Casellas et al. 2004a; 

Baxter et al. 2009). Further, negative estimates of phenotypic correlation for BWT_S or PTEMP_S 

with SHIV_S demonstrated that piglets with higher weight and rectal temperature at birth were 

less likely to be observed shivering. 

Average piglet birth weight (BWT_S) and CRUMP_S also had moderate positive 

phenotypic correlations with PINCIS_S. Heavier and longer piglets were more likely to have 

erupted incisors, which suggested a higher level of physiological maturity at birth. This is in line 

with Tucker and Widowski (2009) who reported that birth weight was associated with eruption 

for all teeth (I1, P3, P3, P4, P4; P<0.01) except I1, with heavier piglets having earlier eruption. 

Therefore, results from this study support the philosophy that selection for higher birth weight, 

given its high heritability and favourable correlations with other attributes, could improve piglet 

quality at birth. Literature relating to dental eruption and other piglet attributes are scarce, but a 

review by Paulsson et al. (2004) showed that delayed dental eruption in human infants with low 

birth weight was mostly related to premature birth. This implies that incisor eruption in piglets 

could also signify maturity at birth. 

Correlations between INCIS_S and PTEMP_S, RESP_S, MTONE, and PCON_S showed that 

incisor eruption was also positively associated with higher rectal temperature, normal breathing, 

and good muscle tone and body condition. Incisor eruption was also positively correlated with 

PCON_S and PTEMP_S, but to a lower extent, and negatively correlated with SHIV_S. This is 

consistent with the negative correlations between SHIV_S with BWT_S, CRUMP_S, or PTEMP_S. 

In addition, correlations between SHIV_S and RESP_S or MTONE_S were all positive, indicating 

piglets with signs of shivering were more likely to have poor respiration and poor muscle tone. 

Estimates of rE (Table 5.7) were generally in the same direction as their corresponding rP and 

mostly lower in magnitude. 
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Table 5.6 Estimates of genetic (rA, below diagonal) and phenotypic (rP: above diagonal) correlations between piglet attributes 

Traits BWT_S CRUMP_S PINDEX_S PCON_S PTEMP_S SHIV_S PEYE_S INCIS_S RESP_S MTONE_S 

BWT_S (kg)  0.78 (0.01) 0.12 (0.04) 0.54 (0.03) 0.27 (0.03) -0.12 (0.04) 0.11 (0.04) 0.32 (0.03) -0.43 (0.03) -0.41 (0.03) 

CRUMP_S(cm) 0.91 (0.07)  -0.49 (0.03) 0.36 (0.03) 0.20 (0.04) -0.13 (0.04) 0.05 (0.04) 0.29 (0.03) -0.36 (0.03) -0.34 (0.03) 

PINDEX_S(kg/m
3
) -0.34 (0.43) ne  0.20 (0.03) 0.09 (0.04) -0.02 (0.04) 0.08 (0.04) -0.001 (0.04) -0.09 (0.04) -0.08 (0.04) 

PCON_S (1-3) nr 0.25 (0.81) ne  0.18 (0.03) -0.07 (0.04) 0.04 (0.04) 0.14 (0.04) -0.45 (0.03) -0.39 (0.03) 

PTEMP_S (
0
C) -0.12 (0.52) -0.44 (0.47) nr nr  -0.36 (0.03) 0.05 (0.03) 0.21 (0.03) -0.35 (0.03) -0.40 (0.03) 

SHIV_S(1/2) -0.08 (0.46) 0.22 (0.41) ne nr -0.35 (0.64)  0.01 (0.04) -0.08 (0.04) 0.17 (0.03) 0.24 (0.03) 

PEYE_S (1/2) 0.24 (0.36) 0.39 (0.34) -0.26 (0.49) nr 0.05 (0.63) -0.13 (0.55)  0.07 (0.04) -0.01 (0.04) -0.03 (0.04) 

INCIS_S (1/2) 0.16 (0.34) 0.30 (0.27) -0.88 (0.61) nr 0.18 (0.58) 0.23 (0.56) -0.18 (0.43)  -0.21 (0.03) -0.18 (0.03) 

RESP_S(1-3) nr -0.77 (0.33) ne nr -0.52 (0.65) 0.25 (0.63) -0.50 (0.56) -0.59 (0.36)  0.69(0.02) 

MTONE_S (1-3) nr -0.99 (0.66) ne nr nr nr nr -0.46 (0.58) nr  

nr: not supplied as se of estimate >0.9; ne: not estimated; standard errors are in brackets; estimates in bold exceed 2x their se. 

 

Table 5.7 Estimates of sow (permanent environment and genetic: rSOW, below diagonal) and environmental (rE: above diagonal) effects between piglet attributes 

Traits BWT_S CRUMP_S PINDEX_S PCON_S PTEMP_S SHIV_S PEYE_S INCIS_S RESP_S MTONE_S 

BWT_S (kg)  0.50 (0.05) 0.32 (0.06) 0.45 (0.05) 0.16 (0.06) -0.09 (0.06) 0.09 (0.07) 0.09 (0.07) -0.22 (0.06) -0.17 (0.06) 

CRUMP_S (cm) 0.97 (0.02)  -0.62 (0.04) 0.21 (0.06) 0.13 (0.06) -0.17 (0.06) 0.07 (0.06) 0.05 (0.07) -0.24 (0.06) -0.17 (0.06) 

PINDEX_S (kg/m
3
) -0.22 (0.19) ne  0.16 (0.06) 0.07 (0.06) -0.05 (0.06) 0.01 (0.06) 0.01 (0.06) -0.04 (0.06) -0.04 (0.06) 

PCON_S (1-3) 0.70 (0.07) 0.58 (0.09) ne  -0.02 (0.06) -0.03 (0.06) 0.05 (0.06) 0.05 (0.07) -0.29 (0.06) -0.21 (0.06) 

PTEMP_S (
0
C) 0.47 (0.11) 0.33 (0.12) 0.22 (0.28) 0.68 (0.18)  -0.34 (0.05) -0.06 (0.06) 0.16 (0.06) -0.20 (0.06) -0.29 (0.06) 

SHIV_S (1/2) -0.23 (0.15) -0.12 (0.16) ne -0.21 (0.24) -0.48 (0.21)  0.05 (0.06) -0.08 (0.06) 0.13 (0.06) 0.21 (0.06) 

PEYE_S (1/2) nr 0.09 (0.57) nr 0.02 (0.79) nr nr  -0.09 (0.06) -0.02 (0.06) -0.03 (0.06) 

INCIS_S (1/2) 0.54 (0.07) 0.53 (0.08) -0.04 (0.22) 0.29 (0.12) 0.30 (0.13) -0.12 (0.20) nr  -0.12 (0.06) -0.08 (0.06) 

RESP_S (1-3) -0.75 (0.9) -0.58 (0.10) ne -0.84 (0.13) -0.78 (0.16) 0.33 (0.24) nr -0.38 (0.13)  0.58 (0.04) 

MTONE_S (1-3) -0.96 (0.16) -0.77 (0.16) ne -0.96 (0.18) -0.86 (0.19) 0.44 (0.28) nr -0.46 (0.18) nr  

nr: not supplied as se of estimate >0.9; ne: not estimated; standard errors are in brackets; estimates in bold exceed 2x their se. 
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5.2.4.3 Genetic correlations 

Overall, estimates of genetic correlations between traits had large standard errors and 

were often not significantly different to zero (Table 5.6). This reflects the relatively low numbers 

of records in total and per sow. However, many of the significant phenotypic correlations 

observed were accompanied by genetic correlations in the same direction, sometimes of larger 

magnitude.  

5.2.4.4 Sow effects 

When parameter estimates were considered for the sow effect (combining additive with 

pe components), correlations between traits were generally also found to be in the same 

direction to their corresponding rA. The correlations in Table 5.7 between sow effects are large in 

magnitude and provide strong support for the association between BWT_S (or CRUMP_S and 

PCON_S) and favourable measures of piglet maturity (e.g. INCIS_S) and quality at birth 

(MTONE_S, RESP_S, and HYD_S). Nevertheless, the accuracy of partitioning between the genetic 

and permanent environmental effects of the sow was low due to a moderate sampling 

correlation between these effects and more data are needed to confirm the magnitude of rA. 

5.2.5 Correlations between sow and piglet attributes  

5.2.5.1 Phenotypic and residual correlations 

Estimates of phenotypic correlations between the sow traits (as described in Chapter 4) 

and piglet attributes averaged by litter were generally negligible (Table 5.8).   

Phenotypic correlations between the sows’ body composition (WT110 and P2110) traits 

and BWT_S, CRUMP_S or PCON_S confirmed that larger and leaner sows produce heavier piglets 

as expected. A similar estimate of rP (-0.08) was reported by Bunter (2010) in two maternal lines 

from the same population. Negative associations were also observed between SCON and BWT_S 

or CRUMP_S, whereas the correlation between SCON and CRUMP_S was not significantly 

different from zero. The assessment of SCON in this study was subjective and did not 

discriminate between muscularity and fat, but the rA with P2110  was high (Chapter 4, Table 4.9), 

therefore, having lighter piglets is consistent. A positive and low rP (0.08±0.04) was found 

between SCON and PEYE_S. Fat sows are associated with longer farrowings, which has previously 

been reported as a main cause of hypoxia in piglets (see review by Edwards 2002). 
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Table 5.8 Estimates of phenotypic correlations (rP) between sow and piglet attributes 

Traits 
BWT_S 

(kg) 
CRUMP_S 

(cm) 
PINDEX_S 

(kg/m
3
) 

PCON_S 
(1-3) 

PTEMP_S 
(°C) 

SHIV_S 
(1/2) 

PEYE_S 
(1/2) 

INCIS_S 
(1/2) 

RESP_S 
(1-3) 

MTONE_S 
(1-3) 

WT110 (kg) 0.13 (0.04) 0.13 (0.04) -0.05 (0.04) 0.06 (0.04) -0.03 (0.04) -0.01 (0.04) 0.07 (0.04) 0.04 (0.04) -0.05 (0.04) 0.04 (0.04) 
P2110 (mm) -0.09 (0.04) -0.08 (0.04) 0.01 (0.04) -0.01 (0.04) -0.02 (0.04) -0.02 (0.04) 0.05 (0.04) -0.05 (0.04) 0.02 (0.04) 0.07 (0.04) 
SCON (1-5) -0.08 (0.04) -0.07 (0.04) -0.002 (0.04) -0.02 (0.04) -0.06 (0.04) -0.02 (0.04) 0.08 (0.04) 0.004 (0.04) 0.05 (0.04) 0.06 (0.04) 
LOCO (1-3) 0.002 (0.04) 0.03 (0.04) -0.03 (0.04) 0.005 (0.04) -0.07 (0.04) 0.02 (0.04) -0.03 (0.03) 0.07 (0.04) -0.03 (0.04) 0.01 (0.04) 
USCORE (1-3) -0.10 (0.04) -0.06 (0.04) -0.06 (0.04) -0.12 (0.03) -0.01 (0.03) -0.04 (0.03) -0.01 (0.04) -0.01 (0.04) 0.07 (0.04) 0.02 (0.04) 
AGIT (1-3) -0.04 (0.03) -0.02 (0.04) 0.003 (0.04) -0.03 (0.03) -0.04 (0.04) 0.02 (0.04) -0.01 (0.03) -0.04 (0.04) 0.06 (0.04) -0.01 (0.03) 
LESION (1/2) 0.002 (0.04) -0.03 (0.04) 0.04 (0.03) 0.002 (0.03) 0.002 (0.03) 0.03 (0.03) -0.001 (0.03) -0.02 (0.04) 0.004 (0.04) -0.03 (0.03) 
GEST (days) 0.11 (0.04) 0.001 (0.04) 0.13 (0.04) 0.02 (0.04) 0.15 (0.04) -0.11 (0.04) 0.13 (0.04) 0.36 (0.03) -0.09 (0.04) -0.12 (0.04) 
TEAT (N/litter) 0.05 (0.04) 0.03 (0.04) 0.02 (0.04) 0.03 (0.04) 0.08 (0.04) -0.01 (0.04) 0.04 (0.04) 0.06 (0.04) -0.08 (0.04) -0.11 (0.04) 
FTEAT (N/litter) 0.01 (0.04) 0.02 (0.04) -0.002 (0.04) 0.02 (0.04) 0.03 (0.04) -0.02 (0.04) 0.07 (0.03) 0.02 (0.04) -0.06 (0.04) -0.08 (0.04) 
STEMP (°C) 0.06 (0.04) 0.06 (0.04) -0.01 (0.04) 0.02 (0.04) 0.11 (0.04) -0.06 (0.04) 0.01 (0.04) -0.0002 (0.04) -0.02 (0.04) -0.03 (0.04) 
TB (N/litter) -0.50 (0.03) -0.42 (0.03) -0.06 (0.04) -0.23 (0.03) -0.12 (0.04) 0.03 (0.04) -0.20 (0.03) -0.14 (0.04) 0.23 (0.03) 0.25 (0.03) 
NBA (N/litter) -0.44 (0.03) -0.38 (0.03) -0.01 (0.04) -0.16 (0.04) -0.06 (0.04) 0.03 (0.04) -0.13 (0.04) -0.12 (0.04) 0.18 (0.03) 0.19 (0.03) 

Standard errors are in brackets;  estimates in bold exceed 2x their se. 

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

Traits 
BWT_S 

(kg) 
CRUMP_S 

(cm) 
PINDEX_S 

(kg/m
3
) 

PCON_S 
(1-3) 

PTEMP_S 
(

0
C) 

SHIV_S 
(1/2) 

PEYE_S 
(1/2) 

INCIS_S 
(1/2) 

RESP_S 
(1-3) 

MTONE_S 
(1-3) 

WT110 (kg) 0.17 (0.06) 0.12 (0.06) -0.006 (0.06) 0.12 (0.06) 0.007 (0.06) -0.03 (0.06) 0.07 (0.06) -0.01 (0.06) -0.04 (0.06) -0.03 (0.06) 
P2110 (mm) 0.11 (0.07) 0.14 (0.07) -0.04 (0.07) 0.01 (0.07) 0.03 (0.07) -0.03 (0.07) 0.01 (0.07) 0.05 (0.07) -0.01 (0.07) -0.07 (0.07) 
SCON (1-5) 0.03 (0.07) 0.02 (0.06) 0.02 (0.06) -0.07 (0.06) 0.01 (0.06) 0.03 (0.06) 0.04 (0.06) 0.04 (0.06) -0.0003 (0.06) -0.03 (0.06) 
LOCO (1-3) 0.10 (0.06) -0.06 (0.06) 0.16 (0.06) 0.09 (0.06) -0.06 (0.06) -0.04 (0.06) -0.04 (0.06) 0.09 (0.06) -0.08 (0.06) -0.05 (0.06) 
USCORE (1-3) 0.07 (0.07) 0.05 (0.07) 0.01 (0.06) -0.03 (0.06) -0.04 (0.06) -0.05 (0.06) 0.03 (0.06) 0.19 (0.06) 0.01 (0.06) -0.08 (0.06) 
AGIT (1-3) -0.02 (0.04) 0.03 (0.05) 0.05(0.06) -0.03 (0.04) -0.02 (0.05) -0.01 (0.06) -0.03 (0.04) 0.005 (0.05) 0.13 (0.06) 0.01 (0.04) 
LESION (1/2) 0.05 (0.07) -0.05 (0.06) 0.09 (0.06) -0.04 (0.06) -0.004 (0.06) 0.12 (0.06) 0.14 (0.06) 0.07 (0.06) 0.14 (0.06) -0.06 (0.06) 
GEST (days) 0.15 (0.07) -0.02 (0.07) 0.09 (0.06) -0.05 (0.06) 0.08 (0.06) -0.19 (0.06) 0.01 (0.06) 0.18 (0.06) -0.004 (0.06) -0.08 (0.06) 
TEAT (N/litter) -0.01 (0.07) -0.05 (0.07) 0.06 (0.07) 0.04 (0.07) -0.03 (0.07) 0.03 (0.06) 0.05 (0.07) 0.07 (0.07) -0.08 (0.07) -0.07 (0.07) 
FTEAT (N/litter) -0.14 (0.07) -0.06 (0.07) -0.05 (0.07) -0.14 (0.07) -0.08 (0.06) 0.04 (0.06) 0.03 (0.06) -0.02 (0.07) 0.03 (0.07) 0.10 (0.06) 
STEMP (°C) -0.02 (0.07) 0.06 (0.06) -0.06 (0.06) -0.03 (0.06) 0.04 (0.06) -0.04 (0.06) -0.04 (0.06) -0.02 (0.06) 0.04 (0.06) 0.01 (0.06) 
TB (N/litter) -0.68 (0.03) -0.53 (0.05) -0.06 (0.06) -0.29 (0.06) -0.13 (0.06) 0.09 (0.06) -0.17 (0.06) -0.08 (0.06) 0.20 (0.06) 0.24 (0.06) 
NBA (N/litter) -0.59 (0.04) -0.45 (0.05) -0.08 (0.06) -0.26 (0.06) -0.05 (0.06) 0.07 (0.06) -0.16 (0.06) -0.12 (0.06) 0.21 (0.06) 0.20 (0.06) 

Standard errors are in brackets; estimates in bold exceed 2x their se. 
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It was possible that PEYE_S was a result of oxygen deprivation due to early or premature rupture 

of the umbilical cord (Canario et al. 2007b), but this does not seem to be accompanied by strong 

associations with other measures of piglet traits quality after farrowing.  

 Estimates of correlations between USCORE and BWT_S or PCON_S were negative, 

suggesting that piglets farrowed by sows with a well developed udder observed before farrowing 

had higher birth weight and better body condition score. It is possible that poor udder 

development pre-farrowing indicates the sow has not received adequate resources during 

gestation, which could also be reflected in piglet birth weights. Teat numbers were favourably 

correlated with PTEMP_S, RESP_S, or MTONE_S, implying that piglets born to sows with more 

teats had higher rectal temperature, with normal respiration and muscle tone. This could be an 

indication of adequate colostrum intake by piglets between birth and weighing due to a high 

number of teats and/or mammary glands. A review by Quesnel et al. (2012) showed that 

colostrum access and intake by the piglet are also determined by the number of teats, which 

according to Devillers et al. (2007) and Foisnet et al. (2010) are important in prolific sows as 

colostrum yield is not correlated with litter size. 

Of all the sow traits recorded, only GEST and TB or NBA (litter size) showed correlations 

with several piglet attributes. Gestation length had positive correlations with BWT_S (0.11±0.04), 

PINDEX_S (0.13±0.04), PTEMP_S (0.15±0.04), and INCIS_S (0.36±0.03). These results suggested 

that longer GEST resulted in higher BWT_S, PTEMP_S, PINDEX_S and an increased incidence of 

incisor eruption, evidence of advanced level of maturity at birth. Further, correlations between 

GEST and SHIV_S, RESP_S, or MTONE_S, implied that longer GEST was associated with reduced 

incidences of shivering and improved muscle tone and respiration, consistent with improved 

piglet vitality at birth. These findings supported that of Rydhmer et al. (2008) who reported that 

longer gestation improved piglet maturation at birth and thus piglet survival. The high incidences 

of bloodshot eyes in piglets farrowed by sow with longer GEST could be prompted by the existing 

relationships between GEST and litter size (Chapter 4, Table 9) or BWT_S (Table 5.8).   

Litter size was negatively correlated with all other piglet attributes except for RESP_S and 

MTONE_S, showing that piglets from higher TB were on average lighter, shorter, had lower 

rectal temperature, less incisor eruption, and poorer muscle tone and respiration at birth. One 

possible reason for the poorer development of piglets in large litters would be the negative 

relationship between litter size and gestation length (Sasaki and Koketsu 2006; Rydhmer et al. 

2008). The unfavourable correlation between litter size and piglet viability in this study 
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confirmed the antagonistic relationships between litter size and piglet viability traits reported in 

the literature (Hermesch 2000; Grandinson et al. 2002; Baxter et al. 2009; Roehe et al. 2010). 

The genetic correlations between litter size and birth weight were also negative and similar to  

Nguyen et al. (2003a). Residual effects (Table 5.9) between the sow and piglet attributes were 

generally of the same sign and magnitude as their corresponding phenotypic correlations.  

5.2.5.2 Genetic correlations 

Estimates of genetic correlations between the sow characteristics and piglet attributes, in 

general, were again generally not significantly different to zero (Table 5.10) due to the low 

number of records. However, the genetic correlation between USCORE and RESP_S was highly 

positive, suggesting that piglets were more likely to have respiration difficulties if farrowed by 

sows with poor udder score observed pre-farrowing. The development of the sows’ udder during 

gestation is consistent with foetal development (Bazer and First 1983) and the above association 

could be translated to early farrowing, meaning that the piglets were lacking maturity at birth.  

Similarly, estimate of genetic correlation for GEST and INCIS_S was highly positive (0.82), 

demonstrating higher incidences of incisor eruption for piglets from sows with longer gestation 

lengths. In terms of recording, GEST would be the most preferable trait to include in the 

breeding program, as INCIS_S would involve recording of individual piglets. Gestation, on the 

other hand, would be easily derived from mating and farrowing dates. Selecting for longer 

gestations could probably improve piglet attributes quality at birth. This should be consistent 

with a high and favourable genetic correlation (-0.53±0.25) between gestation length and the 

total number of piglet which died (including stillbirths) that was reported by Hermesch (2001a), 

but more data are required in order to make definite assumptions as the current estimates have 

large standard errors. Nevertheless, estimates of genetic correlation were in the same direction 

as estimates of phenotypic correlation for most trait combinations. 

5.2.5.3 Sow effects 

Overall, sow effects between the sow and piglet attributes (Table 5.11) were in the same 

direction to the corresponding genetic correlations in sign, but moderate in magnitude. They 

also confirmed the associations between favourable associations between GEST, TEAT, litter size 

traits with other piglet attributes. Due to a moderate sampling correlation between the genetic 

and permanent environmental effects of the sow, the accuracy of partitioning between these 

effects was affected, therefore more data are required. 
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Table 5.10 Estimates of genetic correlations (rA) between sow and piglet attributes  

Traits 
BWT_S 

(kg) 
CRUMP_S 

(cm) 
PINDEX_S 

(kg/m
3
) 

PCON_S 
(1-3) 

PTEMP_S 
(

0
C) 

SHIV_S 
(1/2) 

PEYE_S 
(1/2) 

INCIS_S 
(1/2) 

RESP_S 
(1-3) 

MTONE_S 
(1-3) 

WT110 (kg) -0.04 (0.33) -0.06 (0.29) -0.19 (0.45) nr nr 0.28 (0.50) -0.10 (0.42) -0.28 (0.35) 0.58 (0.48) 0.23 (0.66) 
P2110 (mm) -0.44 (0.27) -0.30 (0.24) -0.31 (0.37) B -0.57 (0.67) 0.23 (0.43) 0.20 (0.35) -0.32 (0.29) nr nr 
SCON (1-5) -0.12 (0.26) -0.23 (0.22) 0.14 (0.33) nr 0.04 (0.46) -0.77 (0.45) -0.21 (0.31) -0.35 (0.28) 0.41 (0.36) 0.55 (0.64) 
LOCO (1-3) -0.004 (0.46) 0.33 (0.41) -0.22 (0.53) nr -0.38 (0.68) -0.28 (0.63) -0.13 (0.54) 0.74 (0.61) 0.21 (0.65) -0.30 (0.86) 
USCORE (1-3) -0.45 (0.24) -0.39 (0.23) ne nr nr 0.27 (0.43) -0.64 (0.36) -0.41 (0.28) 0.82 (0.38) 0.87 (0.89) 
AGIT (1-3) -0.05 (0.76) -0.05 (0.47) ne nr nr 0.52 (0.76) nr 0.10 (0.58) -0.34 (0.77) nr 
LESION (1/2) 0.51 (0.39) -0.06 (0.30) 0.61 (0.37) B 0.34 (0.54) -0.28 (0.44) 0.20 (0.42) -0.01 (0.39) nr nr 
GEST (days) -0.02 (0.27) -0.06 (0.23) ne nr -0.25 (0.48) -0.51 (0.37) 0.11 (0.30) 0.62 (0.22) -0.18 (0.37) -0.34 (0.58) 
TEAT (N/litter) 0.16 (0.39) -0.15 (0.33) 0.47 (0.54) B -0.23 (0.64) 0.59 (0.61) -0.59 (0.53) -0.34 (0.44) -0.31 (0.55) -0.71 (0.87) 
FTEAT (N/litter) 0.50 (0.76) 0.28 (0.58) -0.26 (0.77) B nr nr nr -0.33 (0.69) nr nr 
STEMP (°C) -0.05 (0.34) -0.15 (0.31) ne nr 0.14 (0.54) -0.45 (0.48) -0.56 (0.47) -0.47 (0.40) 0.19 (0.46) 0.10 (0.65) 
TB (N/litter) -0.26 (0.53) 0.03 (0.58) -0.47 (0.82) nr -0.64 (0.82) nr 0.20 (0.68) -0.15 (0.64) 0.38 (0.72) nr 
NBA (N/litter) -0.09 (0.45) 0.13 (0.45) -0.55 (0.64) nr -0.59 (0.65) -0.39 (0.66) 0.13 (0.51) -0.10 (0.49) 0.26 (0.57) nr 

nr: not supplied as se of estimate >0.9; ne: not estimated; B: estimate fixed at the boundary of zero; standard errors are in brackets; estimates in bold exceed 2x their se. 

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

Traits 
BWT_S 

(kg) 
CRUMP_S 

(cm) 
PINDEX_S 

(kg/m
3
) 

PCON_S 
(1-3) 

PTEMP_S 
(

0
C) 

SHIV_S 
(1/2) 

PEYE_S 
(1/2) 

INCIS_S 
(1/2) 

RESP_S 
(1-3) 

MTONE_S 
(1-3) 

WT110 (kg) 0.10 (0.07) 0.14 (0.07) -0.17 (0.18) 0.001 (0.10) -0.08 (0.11) 0.03 (0.15) nr 0.09 (0.08) -0.06 (0.10) 0.17 (0.13) 
P2110 (mm) -0.21 (0.07) -0.23 (0.07) 0.12 (0.18) -0.04 (0.11) -0.10 (0.12) -0.03 (0.16) nr -0.15 (0.09) 0.07 (0.11) 0.34 (0.16) 
SCON (1-5) -0.17 (0.08) -0.16 (0.09) -0.08 (0.21) 0.06 (0.12) -0.20 (0.14) -0.17 (0.19) nr -0.04 (0.10) 0.15 (0.13) 0.32 (0.18) 
LOCO (1-3) -0.11 (0.10) 0.15 (0.11) -0.91 (0.41) -0.18 (0.15) -0.08 (0.16) 0.26 (0.24) 0.06 (0.80) 0.03 (0.12) 0.11 (0.16) 0.21 (0.21) 
USCORE (1-3) B B ne B B B B B B B 
AGIT (1-3) B B ne B -0.16 (0.30) 0.21 (0.30) B B -0.17 (0.20) B 
LESION (1/2) nr 0.02 (0.44) nr nr 0.09 (0.73) nr nr nr nr nr 
GEST (days) 0.09 (0.07) 0.03 (0.08) ne 0.09 (0.10) 0.26 (0.11) 0.03 (0.16) nr 0.54 (0.07) -0.22 (0.11) -0.21 (0.14) 
TEAT (N/litter) 0.06 (0.05) 0.04 (0.05) 0.04 (0.11) 0.05 (0.07) 0.18 (0.08) -0.04 (0.11) 0.26 (0.57) 0.08 (0.06) -0.14 (0.07) -0.26 (0.10) 
FTEAT (N/litter) 0.07 (0.06) 0.05 (0.06) 0.06 (0.14) 0.12 (0.08) 0.13 (0.09) -0.12 (0.13) 0.42 (0.76) 0.04 (0.07) -0.14 (0.09) -0.31 (0.12) 
STEMP (°C) 0.15 (0.10) 0.05 (0.11) ne 0.11 (0.15) 0.31 (0.17) -0.17 (0.23) nr 0.04 (0.12) -0.17 (0.16) -0.18 (0.20) 
TB (N/litter) -0.28 (0.10) -0.28 (0.10) -0.05 (0.25) -0.07 (0.15) -0.07 (0.17) -0.22 (0.26) -0.59 (0.69) -0.25 (0.12) 0.30 (0.14) 0.28 (0.19) 
NBA (N/litter) -0.24 (0.10) -0.31 (0.10) 0.26 (0.25) 0.06 (0.16) -0.10 (0.17) -0.16 (0.24) -0.03 (0.46) -0.13 (0.12) 0.11 (0.15) 0.18 (0.20) 

nr: not supplied as se of estimate >0.9; ne: not estimated; B: estimate fixed at the boundary of zero; standard errors are in brackets; estimates in bold exceed 2x their se. 
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5.2.6 Correlations between NSURV and average piglet attributes 

5.2.6.1 Phenotypic and residual correlations 

Phenotypic correlations between NSURV and BWT_S, PINDEX_S, and PCON_S were 

positive, indicative of the significant relationships between traits reflecting weight and size at 

birth with piglet survival (Table 5.12). Litters containing piglets with higher birth weight were 

more likely to survive until weaning. The positive and moderate phenotypic relationship 

observed between birth weight and survival is similar to other literature estimates (Hoy et al. 

1994; Roehe et al. 2009; Kapell et al. 2011). The results also supported the previous 

recommendation by Hermesch (2001b) and Fix et al. (2010) that piglet birth weight is a useful 

selection criterion for improving pre-weaning piglet survival. 

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

phenotypic (rP) correlations between NSURV and piglet attributes 

Traits rA rSOW rE rP 

BWT_S (kg) 0.50±0.36 0.10±0.09 0.26±0.06 0.17±0.04 
CRUMP_S (cm) 0.37±0.36 -0.07±0.10 0.07±0.07 0.002±0.04 
PINDEX_S (kg/m3) 0.03±0.52 0.37±0.24 0.03±0.06 0.10±0.04 
PCON_S (1-3) nr 0.33±0.13 0.18±0.07 0.23±0.04 
PTEMP_S (°C) 0.44±0.79 0.24±0.15 0.20±0.06 0.21±0.04 
SHIV_S (1/2) -0.42±0.59 -0.10±0.22 -0.01±0.06 -0.03±0.04 
PEYE_S (1/2) 0.23±0.51 nr 0.002±0.06 0.10±0.04 
INCIS_S (1/2) -0.24±0.45 0.06±0.12 0.08±0.07 0.09±0.04 
RESP_S (1-3) -0.60±0.48 -0.27±0.15 -0.14±0.06 -0.18±0.04 
MTONE_S (1-3) nr -0.33±0.18 -0.18±0.06 -0.21±0.04 

nr: not supplied as se of estimate >0.9; estimates in bold exceed 2x their se. 

The phenotypic correlation between PINDEX_S and NSURV was also low and positive 

(favourable), implying that the rate of piglet survival increased for higher PINDEX_S, consistent 

with our results in Chapter 3 (Tables 3.10 and 3.12). In contrast, CRUMP_S was not correlated 

with survival. The piglets’ recovery from postnatal hypothermia is largely dependent on its birth 

weight (Kammersgaard et al. 2011). Since piglet birth weight and body condition are positively 

correlated (Table 5.6), piglets with better body condition score were more likely to survive until 

weaning, in agreement with Lossec et al. (1999) and Huo et al. (2003).  

Piglets with higher rectal temperature after birth were also more likely to survive until 

weaning, due to their ability to thermoregulate. This is in agreement with Baxter et al. (2009) 
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who reported that weight, size and thermoregulation ability of piglets were all  good indicators 

of postnatal survival. 

Correlations between NSURV and PEYE_S, or INCIS_S were low but positive. The 

association between NSURV and PEYE_S would not be expected if PEYE_S was indicative of 

farrowing difficulties at birth (Herpin et al. 1996; Holm et al. 2004). However, this could be 

caused by the presence of ammonia gas, which has been reported to cause inflammation and 

irritation of the mucous membrane in the eye (Jones et al. 1996). In fact, the high incidence of 

PEYE_S suggested that a better discrimination procedure of the extent of ocular bleeding is 

required to provide a more informative measure for individual piglets. The presence of ammonia 

gas was observed by the author at the time of recording. 

The phenotypic correlation between NSURV and INCIS_S was positive and low, indicating 

that piglets with erupted incisor (I1) were also more likely to survive up to weaning. This could 

suggest variation in physiological maturity of the litter at birth and therefore piglet survival. In 

examining dental development in commercial pigs, Tucker and Widowski (2009) stated that 

dentition is regarded as the most stable marker of maturation and is routinely used for aging in 

most livestock species. Teeth eruption has not previously been used to indicate physiological 

maturity of piglets at birth, but it has been reported that piglets with early dental eruption 

(measured much later in life) adapted more easily to eating creep feed and were more likely to 

perform better at weaning (Tucker and Widowski 2009).  

Both RESP_S and MTONE_S had negative phenotypic correlations with NSURV. Piglets 

born into litters with breathing difficulties evident shortly after farrowing were less likely to 

survive until weaning. Herpin et al. (1996) and Louapre et al. (2005) reported that hypoxia in 

newborn piglets can affect vital organs, disrupting the normal development and growth of 

newborns. Further, breathing difficulties could be the result of immaturity of the lungs at birth. 

According to Liu et al. (2004), respiration distress is mostly common in light weight infants, which 

are normally related to their state of maturity at birth (Liu et al. 2004; Hermansen and Lorah 

2007), and meconium aspiration (Hermansen and Lorah 2007). However, the lung tissue of 

newborn piglets demonstrate an above average level of maturity compared to mouse (Amy et al. 

1977), rats (Burri 1974) or humans (Loosli and Potter 1959). 

Piglets born into litters with poor muscle tone at birth were more likely to die before 

weaning. This attribute was also found to be positively correlated with poor respiration and has 

reflects decreased piglet vitality at birth (Zaleski and Hacker 1993b), reducing colostrum intake, 
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and survival of newborns. As expected, the residual correlations between piglet attributes and 

survival were similar in direction to phenotypic correlations but slightly lower in magnitude 

(Table 5.12), with birth weight and survival as an exception. Previous studies (Robinson et al. 

1995; McPherson et al. 2004) have shown that the environment of the piglet or uterine capacity 

of the sow, especially during the last stage of gestation, influences its development. In addition, 

McPherson et al. (2004) highlighted that apart from genetics, foetal growth is also influenced by 

the nutrition and gestational length of the sow. 

5.2.6.2 Genetic correlations 

Estimates of genetic correlations between NSURV and piglet attributes were not 

significantly different from zero (Table 5.12). When averaged by litter, the number of sows and 

records was relatively small, leading to large standard errors on estimates of genetic correlation 

and heritabilities. Genetic correlations, generally, were similar in direction to their rP, but of 

higher magnitude. 

5.2.6.3 Sow effects 

Estimates for rSOW between NSURV and the other piglet attributes were consistent in 

direction and magnitude with rA for all traits at the sow level. Culling sows with poor piglet 

attributes at birth (assessed over at least a couple of litters) could improve the current herd 

performance. Additionally, the performance of the future herd could also be improved as long as 

the genetic correlations are consistent with sow level or phenotypic correlations. More data are 

needed to confirm these findings. Separating the genetic from permanent environmental effects 

was not possible due to a moderate sampling correlation between these two effects. 

5.3 Conclusions 

Piglet traits that were most heritable when treated as traits of the sow were BWT_S 

(0.30±0.12), CRUMP_S (0.37±0.12), and INCIS_S (0.24±0.11). Heritability estimates of other 

physiological variables were either low (RESP_S, h2: 0.13±0.09), very low (PINDEX_S, PTEMP_S, 

PCON_S, MSTAIN, SHIV_S, PEYE_S, MTONE_S, and HYD_S, h2: <0.10) or non-existent (SCOL_S). 

While these results confirmed that piglet birth weight is under the genetic control of the dam, it 

also showed that body length or crown to rump of the piglet may also be influenced by the 

genes of its mother.  
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Associations between BWT_S and all the other attributes (CRUMP_S, PINDEX_S, 

PTEMP_S, PCON_S, MSTAIN, SHIV_S, PEYE_S, INCIS_S, SCOL_S, RESP_S, MTONE_S, and HYD_S) 

were favourable, which implied that higher litter birth weight would improve thermoregulation, 

body condition, maturity (as indicated by incisor eruption), respiration, and muscle tone of 

piglets. Improvements in these attributes would increase NSURV, at least phenotypically. 

Survival was not associated with CRUMP_S and SHIV_S, which could have been explained by 

other attributes. 

A small number of traits recorded on the sow (GEST and litter size traits: TB and NBA) 

were associated with their piglets’ attributes. Gestation length has a relatively high heritability 

estimate (0.37±0.10) and is associated with piglet survival. Longer gestation lengths resulted in 

increased birth weight, ponderal index, rectal temperature, incisor eruption, lowered incidence 

of shivering, and improved respiration and muscle tone. Therefore selecting for longer gestation 

is possible (due to its moderate heritability) and would improve piglet maturation and survival. 

Higher NBA (h2: 0.10±0.09), on the other hand, resulted in decreased birth weight, crown to 

rump, poor body condition, low incisor eruption, and poor respiration and muscle tone, 

conditions that could compromise piglet vitality and survival. However, the correlations between 

TB and these traits were much higher, suggesting that selection for NBA is still better.  

Selection for litter size at weaning (most important trait in pig production) involves 

selecting for litter size at birth, but has also resulted in increased piglet mortality. However, 

number weaned was not heritable in this study (Table 5.5) and is largely influenced by cross-

fostering. As such, piglet survival at weaning could better serve as a selection criterion. Results 

from this study showed a higher heritability estimate of number of surviving piglets (0.14) 

relative to number weaned. Piglet survival also reflects both piglet attributes (Table 5.12) and 

litter size traits. Nevertheless, difficulties in individual piglet inventory recording could be 

encountered (e.g. cost).   

  There still is a need to evaluate whether selecting for BWT_S or GEST alone replaces the 

need for any further recording of individual piglet viability traits. This is considered in Chapter 8. 
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Chapter 6 

Piglet attributes at birth and their associations with survival when 

treated as traits of the piglet 
6. Introduction 

Piglet survival is influenced by the direct genetic effects of the piglet, in terms of its ability 

to survive, and maternal genetic effects of the sow in relation to its ability to provide an optimal 

environment that promotes piglet survival (White et al. 2006; Roehe et al. 2009). Birth weight 

and survival at birth have mainly been analysed as traits of the sow, preventing estimates of any 

potential direct genetic effects associated with individual piglets. However, a few studies took 

the genetic component of the individual piglet into account (Grandinson et al. 2002; Su et al. 

2008; Roehe et al. 2009) by treating piglet survival and birth weight as traits of the piglet.  

Van Arendonk et al. (1996) reported a direct heritability estimate of 0.11 for postnatal 

piglet survival when using a linear model that excluded litter effects. This is in contrast to Lund et 

al. (2002) who reported lower estimates of heritability for piglet survival at birth (0.01±0.05) and 

survival during the nursing period (0.04±0.02) in Landrace pigs when including all genetic 

relationships. Similar work was done by Su et al. (2006), who used a threshold model for survival 

traits and a Gaussian model for birth weight in a Landrace herd, reported low estimates of 

heritability of the direct genetic effects for survival at birth (0.04±0.01), survival from birth to day 

5 (0.06±0.03) and survival from day 6 to weaning (0.03±0.03). 

Further, Grandinson et al. (2002) stated that much of the variation in preweaning death 

can be attributed to individual birth weight rather than average piglet birth weight or litter birth 

weight and suggested selection for optimum individual birth weight as a means of improving 

survival rate. Heritability estimates for piglet birth weight have been reported in the literature 

(Roehe 1999; Knol et al. 2002a; Arango et al. 2006; Roehe et al. 2009; Roehe et al. 2010) both at 

the piglet (range: 0.03 to 0.09) and sow (range: 0.14 to 0.26) level, suggesting that birth weight is 

mostly a trait of the sow, minimally affected by piglet genes.  

Apart from piglet survival and birth weight, no other piglet attributes recorded in this 

study have been investigated at the piglet level. This study was aimed at investigating whether a 

range of piglet attributes were traits of the piglet or sow. Associations between these attributes 

and survival, along with the maternal contributions were considered simultaneously. 
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6.2 Material and Methods 

Data from the population described in Chapter 3 were used in this study. It included 9133 

individually recorded piglets representing 847 litters from 610 sows.   

6.2.1 Traits recorded on individual piglets 

All traits recorded and described in Chapter 4 were also used in this study. However, for 

analyses in this chapter, piglet body condition, respiration, muscle tone, and hydration level 

were concatenated from 3 to 2 scores and analysed as binary traits due to very low frequencies 

of score 3 in the data. Scores 2 and 3 were concatenated into one level. 

6.2.2 Data editing and statistical analyses 

Data editing applied to individual piglet data was the same as described in Chapter 3. 

Univariate analyses were used to develop models for systematic effects and to obtain initial 

estimates of genetic parameters using ASREML (Gilmour et al. 2008). Systematic effect models 

were the same as those described in Chapter 5 (Table 5.2), with the addition of gender (SEX: 2 

levels) and fostering status (FOS: 2 levels) of the piglet. Total number born (TB) was included in 

the models as a linear covariate. 

Random effects considered were additive genetic (a), common litter (c), permanent 

environment of the sow (pe), and additive maternal genetic effects (m). Random factors were 

added into the model in this order one at a time. The Log likelihood ratio test was used to 

establish the most suitable random terms to include in the model for analysis under animal 

models for continuous traits only. The genetic analysis of piglet traits was conducted using two 

separate models. The animal (linear) model was used to obtain the variances and genetic 

parameters for continuous traits, while the sire (threshold) model, with the probit link function, 

was used to calculate the variances and genetic parameters for the binary traits. The use of 

animal model on categorical traits usually yields biased estimates due to the extreme category 

problem (Lou and Hur 1994). The sire model was used for both traits to calculate correlations 

between traits when at least one of them was a binary trait.  

6.3 Results and discussion 

Data characteristics and model for analyses were previously discussed in Chapter 3 

(Section 3.3.1.1) and are not repeated here. Systematic effects for piglet attributes were similar 
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to that presented in Chapter 5 (Table 5.2). Piglet gender had highly significant (P<0.001) effects 

on BWT, PINDEX, PTEMP, PCON, INCIS, HYD, and SURV, but did not affect MSTAIN, SHIV, SCOL, 

and RESP. The fostering status of the piglet was tested only for SURV and was significant 

(P<0.001). The solutions for systematic effects were also similar to that presented in Chapter 5 

(Table 5.3) and are not discussed again in this Chapter. 

6.3.3 Significant random effects 

Due to the relatively small data set used in this study and the single generation 

represented by records, it was difficult to separate the permanent environment of the sow from 

additive maternal effects (Table 6.3). Models for meconium staining (MSTAIN) and skin colour 

(SCOL) did not converge under any model because the incidence was low. These two traits were 

excluded from further analysis.   

6.3.4 Estimates of heritabilities 

6.3.4.1 Continuous traits 

The heritability estimates for BWT and CRUMP from the best model (model 4) were 

0.03±0.01 and 0.07±0.01, respectively. The h2 estimate for BWT is in agreement with values 

(range: 0.03 to 0.06) reported in the literature (Knol et al. 2002a; Su et al. 2008; Roehe et al. 

2009). There are no published h2 estimates for crown to rump length of piglets at birth, hence no 

comparisons could be made. Both traits had low estimates of common litter effects (0.03±0.01 

and 0.07±0.01), but relatively higher variances for the permanent environment of the sow and 

maternal genetic effects, suggesting significant maternal effects (non-genetic and genetic) on 

birth weight and crown to rump length during gestation. These results are consistent with the 

higher heritability estimates (0.30±0.12 and 0.37±0.12) in Chapter 5 (Table 5.4) for these two 

traits (BWT_S and CRUMP_S) when treated as traits of the sow.  

The heritability estimate for PINDEX was low (0.09±0.03) and significantly different from 

zero. Model 2 was the best model when compared to models 1, 3, and 4, according to the LogL 

ratio test. The moderate estimate of common litter effect for PINDEX (0.15±0.01) suggests the 

possible influence of the common environment of the litter on this trait. Improvement in the 

LogL ratio test was minimal when the maternal effects were added (both pe and m), suggesting 

their lack of influence on PINDEX. The h2 estimate for PINDEX was slightly higher than its h2 
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estimate at the sow level (PINDEX_S, h2: 0.07±0.08), which could indicate possible influence of 

individual piglet genes on this trait. 
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Table 6.1 Estimates of the additive (σ2
animal), common litter (σ2

c), permanent environment of the sow (σ
2

pe), additive maternal (σ2
m), residual, and phenotypic 

(σ2
p) variances, along with Log likelihood (LogL) values and change in LogL (ΔLogL).  

Traits σ2
a σ2

c σ2
pe σ2

m σ2
e σ2

p LogL ΔLogL h2 c2 pe2 m2 

BWT (kg) 0.12    0.03 0.14 5999.8  0.78±0.04    
 0.07 0.008   0.05 0.13 6013.17 13.37 0.56±0.06 0.06±0.02   
 0.39e-02 0.35e-02 0.25e-01  0.08 0.11 6059.97 46.8 0.03±0.02 0.03±0.01 0.21±0.02  
 0.31e-02 0.34e-02 0.14e-01 0.12e-01 0.08 0.11 6064.65 4.68 0.03±0.02 0.03±0.01 0.12±0.04 0.11±0.04 
CRUMP (cm) 3.72    0.87 4.58 -9560.30  0.81±0.04    
 1.48 0.53   1.90 3.90 -9517.40 42.9 0.38±0.06 0.13±0.02   
 0.32 0.25 0.67  2.46 3.70 -9488.60 28.8 0.09±0.03 0.07±0.01 0.18±0.02  
 0.25 0.25 0.36 0.37 2.49 3.71 -9484.86 3.74 0.07±0.03 0.07±0.01 0.10±0.04 0.10±0.04 
PINDEX (kg/m3) 301    324 625 -2268.09  0.48±0.03    
 49.8 82.8   428 561 -2182.28 85.8 0.09±0.03 0.15±0.01   
 45.6 78.1 7.06  430 561 -2182.03 0.25 0.08±0.03 0.14±0.02 0.01±0.02  
 44.5 73.3 12.0 0.27e-03 431 561 -2181.62 0.41 0.08±0.03 0.13±0.02 0.02±0.02 B 
PTEMP (°C) 0.57    0.20 0.77 -1770.12  0.74±0.04    
 0.06 0.13   0.43 0.62 -1652.59 117.5 0.10±0.04 0.21±0.02   
 0.05 0.12 0.03  0.44 0.62 -1650.59 2 0.07±0.03 0.19±0.02 0.04±0.02  
 0.04 0.10 0.04 0.41e-07 0.44 0.62 -1648.14 2.45 0.07±0.03 0.16±0.02 0.07±0.02 B 

Parameters were h2: heritability, c2: common litter effect, pe2: permanent environment of the sow, and m2: maternal effects; standard errors in brackets; 

estimates in bold exceed 2x their se; B: estimate fixed at the boundary of zero. 

Model 1: animal 

Model 2: animal + common litter 

Model 3: animal + common litter + permanent environment of the sow 

Model 4: animal + common litter + permanent environment of the sow + maternal 
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The estimate of heritability for PTEMP was obtained under model 3. It was low 

(0.07±0.03) and significantly different from zero. This was similar to the h2 estimate (0.05±0.07) 

of this trait at the sow level, suggesting that piglets have limited ability to genetically influence 

rectal temperature. However, the common litter effect was relatively large (0.19±0.02) while the 

permanent environment of the sow was relatively lower (0.04±0.02). 

6.3.4.2 Binary traits 

The LogL values cannot be used for model comparison of binary traits analysed with 

GLMM (Gilmour, ASReml Information file). Traits that seemed to be relatively more influenced 

by the piglet’s genes were SHIV and PEYE (model 2), and INCIS (model 3), with heritability 

estimates of 0.17±0.07, 0.12±0.05, and 0.56±0.10, respectively. The heritability estimates for 

these traits estimated at the sow level (Chapter 5, Table 5.4) were relatively lower and 

insignificant (except for incisor eruption) compared to the comparable estimates shown above. 

Further, the large effect of the piglet’s genes on incisor eruption suggested the possible 

existence of a large sire effect on piglet maturity at birth.  

The estimate of heritability for SURV was also low (0.06±0.03), but within the range of 

values (0.01±0.05 to 0.06±0.03) reported in the literature (Lund et al. 2002; Su et al. 2008) for 

piglet survival when treated as a trait of the piglet. In general, standard errors of heritability 

estimates of some traits were high, suggesting the need to have more data. Overall, the common 

litter effect for all binary traits, with the exception of piglet survival (0.11±0.01), were moderate 

to high (range: 0.21 to 0.48), indicating the strong influence of the litter environment on piglet 

development and their performance at birth. This litter environment potentially includes 

gestation, farrowing, and early life outcomes, but partitioning of these effects is difficult. 
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Table 6.2 Estimates of the sire (σ
2

sire), litter (σ
2

c), permanent environment of the sow (σ
2

pe), maternal (σ
2

m), residual,, and phenotypic (σ
2

p) variances 

Traits σ
2

sire σ
2

c σ
2

pe σ
2

m σ
2

p h
2
 c

2
 pe

2
 m

2
 

PCON (1/2) 0.09    1.09 0.33±0.06    
 0.03 0.28   1.30 0.08±0.04 0.21±0.02   
 0.01 0.13 0.15  1.30 0.04±0.04 0.10±0.02 0.12±0.03  
 0.01 0.13 0.09 0.07 1.30 0.04±0.04 0.10±0.02 0.07±0.04 0.05±0.04 
SHIV (1/2) 0.23    1.23 0.76±0.10    
 0.09 0.99   2.07 0.17±0.07 0.48±0.02   
 0.10 0.83 0.15  2.08 0.18±0.08 0.40±0.05 0.07±0.05  
 0.10 0.84 0.05 0.11 2.09 0.18±0.08 0.40±0.05 0.02±0.07 0.05±0.06 
PEYE (1/2) 0.12    1.12 0.44±0.08    
 0.04 0.37   1.41 0.12±0.05 0.26±0.02   
 0.04 0.37 0.007  1.42 0.12±0.05 0.26±0.04 0.005±0.03  
 0.04 0.33 0.19e-06 0.04 1.42 0.12±0.05 0.24±0.03 B 0.03±0.03 
INCIS (1/2) 0.30    1.30 0.930.11    
 0.26 0.44   1.70 0.61±0.11 0.26±0.02   
 0.24 0.13 0.33  1.69 0.56±0.10 0.08±0.02 0.19±0.03  
 0.24 0.13 0.02 0.33 1.72 0.56±0.10 0.08±0.02 0.01±0.06 0.19±0.06 
RESP (1/2) 0.68    1.07 0.26±0.06    
 0.01 0.28   1.30 0.04±0.05 0.22±0.02   
 0.01 0.12 0.17  1.30 0.03±0.04 0.09±0.03 0.13±0.03  
 0.009 0.12 0.14 0.03 1.30 0.03±0.04 0.09±0.03 0.11±0.05 0.02±0.04 
MTONE (1/2) 0.09    1.09 0.32±0.07    
 0.01 0.35   1.37 0.03±0.04 0.26±0.02   
 0.003 0.22 0.15  1.37 0.01±0.04 0.16±0.03 0.11±0.03  
 0.003 0.22 0.15 0.21e-06 1.37 0.01±0.04 0.16±0.03 0.11±0.03 B 
HYD (1/2) 0.09    1.09 0.33±0.07    
 0.03 0.35   1.38 0.09±0.05 0.25±0.02   
 0.03 0.35 0.26e-07  1.38 0.09±0.05 0.25±0.02 B  
 0.03 0.35 0.27e-06 0.71e-07 1.38 0.09±0.05 0.25±0.02 B B 
SURV (0/1) 0.03    1.03 0.13±0.04    
 0.02 0.13   1.14 0.05±0.03 0.11±0.01   
 0.02 0.04 0.09  1.15 0.06±0.03 0.04±0.02 0.08±0.02  
 0.02 0.04 0.07 0.02 1.15 0.06±0.03 0.04±0.02 0.06±0.03 0.02±0.03 

Parameters were h
2
: heritability, c

2
: common litter effect, pe

2
: permanent environment of the sow, and m

2
: maternal effects; standard errors in brackets; estimates in bold exceed 2x their se; 

B: estimate fixed at the boundary of zero. 

 

Model 1: sire         Model 2: sire + common litter 
Model 3: sire + common litter + permanent environment of the sow   Model 4: sire + common litter + permanent environment of the sow + maternal 
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In contrast to results for SHIV, PEYE, and INCIS, heritability estimates for PCON, RESP, 

MTONE, and HYD were lower (<0.10) and insignificant. Maternal effects (environmental and 

genetic) seemed to be important for all piglet traits, but separation of m2 from pe, or c2 from pe2 

was not very accurate, suggesting the need to have more data. 

6.3.5 Correlations between traits 

6.3.5.1 Phenotypic and genetic correlations  

All correlations between traits (Table 6.3) were obtained under model 2. Overall, 

phenotypic correlations between scored and continuous piglet attributes (Table 6.3) had similar 

directions, but were larger in magnitude, than their rP when treated as sow traits (Chapter 5, 

Sections 5.2.5.1). This suggests that the associations between piglet attributes are more 

informative of outcomes for individual piglets at the piglet level than at sow level, making 

recording of some individual piglet attributes important. For example, muscle tone could be 

easily scored for individual piglets during the pickup for weighing and ear tagging, informing the 

farrowing house staff of the potential problems post-farrowing for individual piglets or litters.  
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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 

Trait 2 with parameters 

 
BWT (kg) CRUMP (cm) 

PINDEX 
(kg/m3) 

PTEMP (°C) 

h2
2 0.03±0.02 0.07±0.03 0.09±0.03 0.07±0.03 

c2
2 0.03±0.01 0.07±0.01 0.15±0.01 0.19±0.02 

Trait 1 with parameters  Correlations between traits 

PCON h2
1 0.04±0.04 rA 0.51±0.31 0.10±0.38 0.25±0.34 -0.10±0.38 

(1/2) c2
1 0.10±0.02 rC 0.57±0.04 0.40±0.05 0.15±0.06 0.12±0.06 

   rE 0.60±0.01 0.47±0.01 0.19±0.01 0.30±0.01 
   rP 0.59±0.01 0.44±0.01 0.18±0.01 0.25±0.01 

SHIV h2
1 0.17±0.07 rA 0.23±0.40 0.04±0.34 0.37±0.30 0.01±0.35 

(1/2) c2
1 0.48±0.02 rC -0.13±0.05 -0.14±0.05 0.02±0.05 -0.42±0.04 

   rE -0.33±0.01 -0.27±0.01 -0.12±0.01 -0.30±0.01 
   rP -0.24±0.02 -0.21±0.02 -0.06±0.02 -0.32±0.02 

PEYE h2
1 0.12±0.05 rA 0.45±0.37 0.54±0.34 -0.33±0.32 0.04±0.34 

(1/2) c2
1 0.26±0.02 rC 0.15±0.05 0.11±0.05 0.06±0.06 0.04±0.06 

   rE 0.16±0.01 0.12±0.01 0.03±0.01 0.10±0.01 
   rP 0.16±0.02 0.13±0.02 0.03±0.02 0.09±0.02 

INCIS h2
1 0.56±0.10 rA 0.15±0.26 -0.05±0.23 0.12±0.21 0.34±0.22 

(1/2) c2
1 0.08±0.02 rC 0.43±0.04 0.37±0.05 -0.01±0.06 0.27±0.05 

   rE 0.22±0.01 0.19±0.01 0.02±0.01 0.04±0.01 
   rP 0.26±0.02 0.22±0.02 0.02±0.02 0.11±0.02 

RESP h2
1 0.03±0.05 rA -0.91±0.27 -0.59±0.37 -0.05±0.48 -0.66±0.43 

(1/2) c2
1 0.09±0.02 rC -0.53±0.05 -0.42±0.05 -0.05±0.07 -0.34±0.06 

   rE -0.56±0.01 -0.47±0.01 -0.22±0.01 -0.44±0.01 
   rP -0.56±0.01 -0.46±0.01 -0.18±0.02 -0.42±0.01 

MTONE h2
1 0.01±0.04 rA -0.99±0.44 -0.68±0.47 0.09±0.53 -1.1±0.67 

(1/2) c2
1 0.16±0.03 rC -0.45±0.05 -0.35±0.05 -0.03±0.07 -0.38±0.05 

   rE -0.58±0.01 -0.47±0.01 -0.23±0.01 -0.43±0.01 
   rP -0.56±0.01 -0.44±0.01 -0.18±0.02 -0.43±0.01 

HYD h2
1 0.09±0.05 rA -0.98±0.48 -0.80±0.42 0.21±0.36 -0.91±0.38 

(1/2) c2
1 0.25±0.02 rC -0.06±0.06 0.05±0.06 -0.16±0.07 -0.14±0.06 

   rE -0.25±0.01 -0.17±0.01 -0.11±0.01 -0.12±0.01 
   rP -0.21±0.02 -0.12±0.02 -0.11±0.02 -0.14±0.02 

Estimates in bold exceed 2x their se. 

6.3.5.2 Phenotypic and genetic correlations between SURV and piglet attributes 

Estimates of phenotypic correlations (Table 6.4) between SURV and BWT, CRUMP, 

PINDEX, or PTEMP were all positive and significantly different from zero (range: 0.12 to 0.28). 

These results confirm that survival rate was increased for piglets that were heavier and longer, 

agreeing with our previous findings (Chapter 5) and reports in the literature (Hoy et al. 1994; 

Roehe et al. 2009; Kapell et al. 2011). When treated as a trait of the sow, average crown to rump 
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length was not associated with piglet survival. This could occur if there was competition between 

piglets within a litter for resources which alters the distribution of individual around average. 

This was in contrast to what was obtained in this study when crown to rump length was treated 

as trait of the piglet, suggesting that survival was greater for longer piglets. Overall, estimates of 

phenotypic correlations between survival and piglet attributes were slightly higher than values 

calculated when analysed at the sow level, suggesting that piglet survival until weaning is more 

influenced by these attributes at the piglet level. Estimates of environmental correlations were 

all positive and showed the same trend in direction and magnitude as estimates of phenotypic 

correlations. 

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

between SURV and piglet attributes 

Traits rA rC rE rP 

BWT (kg) 0.39±0.41 0.09±0.06 0.29±0.01 0.25±0.01 
CRUMP (cm) 0.40±0.39 -0.02±0.06 0.15±0.01 0.12±0.01 
PINDEX (kg/m3) -0.14±0.36 0.16±0.07 0.17±0.01 0.16±0.01 
PTEMP (°C) 0.50±0.32 0.13±0.06 0.31±0.01 0.28±0.01 
PCON (1/2) 0.49±0.46 0.12±0.07 0.26±0.01 0.24±0.01 
SHIV (1/2) -0.32±0.33 -0.04±0.06 -0.14±0.01 -0.12±0.01 
PEYE (1/2) 0.51±0.36 0.08±0.07 0.07±0.01 0.07±0.01 
INCIS (1/2) 0.23±0.24 0.12±0.07 0.06±0.01 0.07±0.01 
RESP (1/2) 0.24±0.52 -0.17±0.07 -0.25±0.01 -0.24±0.01 
MTONE (1/2) -0.30±0.40 -0.15±0.07 -0.26±0.01 -0.24±0.01 
HYD (1/2) -0.18±0.35 -0.002±0.07 -0.10±0.01 -0.09±0.01 

Estimates in bold exceed 2x their se. 

Estimates of genetic correlations between SURV and piglet attributes were not 

significantly different from zero, but were in the same direction as estimates of phenotypic 

correlations, with the exception of PINDEX. Standard errors were still high, particularly for lowly 

heritable traits, indicating the relatively low volume of data collected for parameter estimation. 

As a result, drawing conclusions from these estimates were not possible. Estimates of 

correlations between common litter effects for SURV and BWT or CRUMP were very low and did 

not differ significantly from zero, in contrast to low and positive correlations between SURV and 

PINDEX or PTEMP. 

 When comparing the correlations between SURV and these traits at the piglet and sow 

levels (Table 6.5), it is apparent that individual piglet survival would be better predicted from 

individual piglet traits rather than litter average.  
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Table 6.5 Correlations between SURV and some piglets attributes at the piglet and sow level 

Traits 
Piglet Sow 

h2 σ2
P rASURV rPSURV h2 σ2

P rASURV rPSURV 

BWT (kg) 0.03±0.02 0.03 0.39±0.41 0.25±0.01 0.30±0.12 0.04 0.50±0.36 0.17±0.04 
CRUMP (cm) 0.07±0.03 0.25 0.40±0.39 0.12±0.01 0.37±0.12 1.48 0.37±0.36 0.002±0.04 
PINDEX (kg/m3) 0.09±0.03 49.8 -0.14±0.36 0.16±0.01 0.07±0.08 183 0.03±0.52 0.10±0.04 
PTEMP (°C) 0.07±0.04 0.05 0.50±0.32 0.28±0.01 0.05±0.07 0.26 0.44±0.79 0.21±0.04 
PCON (1/2) 0.04±0.04 1.30 0.49±0.46 0.24±0.01 0.02±0.08 0.32 0.33±0.13 0.23±0.04 
SHIV (1/2) 0.17±0.07 2.07 -0.32±0.33 -0.12±0.01 0.08±0.08 0.08 -0.10±0.22 -0.03±0.04 
PEYE (1/2) 0.12±0.05 1.41 0.51±0.36 0.07±0.01 0.06±0.05 0.06 nr 0.10±0.04 
INCIS (1/2) 0.56±0.10 1.69 0.23±0.24 0.07±0.01 0.24±0.11 0.43 0.06±0.12 0.09±0.04 
RESP (1/2) 0.03±0.05 1.30 0.24±0.52 -0.24±0.01 0.13±0.09 0.27 -0.27±0.15 -0.18±0.04 
MTONE (1/2) 0.01±0.04 1.37 -0.30±0.40 -0.24±0.01 0.05±0.08 0.16 -0.33±0.18 -0.21±0.04 
HYD (1/2) 0.09±0.05 1.38 -0.18±0.35 -0.09±0.01 0.03±0.05 0.03 0.17±0.81 0.05±0.04 

Estimates in bold exceed 2x their se; nr: not supplied (se of estimate >0.9). 
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6.4 Conclusions 

There is some evidence to suggest that the piglets’ own genes influence some piglet traits 

(ponderal index, rectal temperature, shivering, bloodshot eyes, and incisor eruption). Genes of 

the dam were influential for the piglets’ birth weight, crown to rump length and incisor eruption. 

The positive phenotypic and genetic correlation between incisor eruption and birth weight 

would add useful information towards knowledge of the maturity level of the piglet at birth and 

its survival rate up to weaning. Results from this study also showed that piglets have the ability 

to regulate their core body temperature, but moderate c2 effects suggest these traits are very 

much influenced by the farrowing process and/or environment of the litter. Other piglet 

attributes such as respiration, muscle tone, and hydration were not heritable. However, they 

should be used as indicators of farrowing outcomes because phenotypically they are associated 

with survival outcomes for individual piglets. In addition, recording of attributes (e.g. muscle 

tone or rectal temperature) at the piglet level may provide important information that could 

help producers to provide timely and necessary interventions to minimize piglet mortality. 
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Chapter 7 

Thermal imaging as a practical strategy for identifying piglets at risk 

7. Introduction   

The newborn piglet is more susceptible to cold than heat stress, and cold stress is one of 

the most significant stressors encountered early in life (Herpin et al. 2002). At birth, the piglet 

experiences a sudden drop  in ambient temperature (range: 15-20°C), which normally results in a 

2 to 4 °C drop in core body temperature (Lossec et al. 1998). Its ability to conserve heat is very 

limited. This is due to the fact that piglets are devoid of brown adipose fat that is typically used 

for heat production, have a relatively large body surface-to-volume ratio, and a sparse hair coat 

(Herpin et al. 2002). The lower critical temperature of a newborn piglet is 34 °C and piglets are 

more likely to die when the ambient temperature drops below this threshold (Radostits et al. 

2000). 

The most common causes of early piglet mortality include low vitality as a result of 

hypoxia during farrowing, hypothermia due to low colostrum intake (Herpin et al. 1999; 

Malmkvist et al. 2006), low birth weight as a result of large litters, and low ambient temperature 

at birth as described above (English and Morrison 1984; Lay et al. 2002). Consequently, piglets 

exposed to these factors are physiologically challenged in terms of energy reserves, can develop 

low core body temperature, and are in danger of starvation and crushing.  

Over the last decade, pig numbers per farm have increased while the ratio of stockmen to 

animals has severely declined (Tawse 2010). This makes the recognition of piglets at risk 

extremely important in order to keep adverse effects on production to a minimum. Detection of 

at risk animals through visual, clinical or serological examinations in large operations is 

challenging and stockmen are often unable to identify all these animals at an early stage (Tawse 

2010). Consequently, opportunities to intervene are limited, resulting in higher mortality rates. 

Traditionally, core body temperature is measured rectally using a glass-mercury 

thermometer and has been the standard method in clinical practice. The electronic or digital 

rectal thermometer which measures body temperature in less than a minute has replaced this. 
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However, this method is invasive, practically challenging for implementation in large 

populations, and requires extra labour resources.   

Infrared thermography, on the other hand, is a modern and non-invasive technique for 

monitoring temperatures and has been widely applied in both human and veterinary medicine 

(Schaefer et al. 2004; Chung et al. 2010). This technology captures infrared heat that is emitted 

from the body surface, of which around 60% of heat loss occur in the infrared range (Schaefer et 

al. 2007). In production animals, infrared thermography has been used to detect mastitis (Colak 

et al. 2008), stress (Stewart et al. 2007), and hoof conditions (Nikkhah et al. 2005) in dairy cattle,  

bull fertility (Lunstra and Coulter 1997), bovine respiratory disease (Schaefer et al. 2007), and 

foot and mouth disease (Rainwater-Lovett et al. 2009) in beef cattle, and stress susceptibility of 

pigs with different genotypes (Schaefer et al. 1989). Unlike regular cameras, IR thermal imaging 

does not require ambient light as it works on the fundamental that all objects give off infrared 

energy as a function of their temperature (FLIR 2009). This makes it practical to use in the 

piggery environment. 

Thermal cameras can accurately monitor small changes in body surface temperature. For 

instance, the temperature difference at birth between a piglet that is going to survive until 

weaning and one that is more likely to die before weaning is as small as 0.61 °C on average and 

the temperature difference between the same groups of piglets 2 hours after birth is around 

0.43 °C (Baxter et al. 2008). The narrow temperature threshold between piglet survival and 

death requires a precision tool for measurement and this might be available with the use of 

thermal imaging.  

The aim of this experiment was to investigate the use of thermal imaging as an early 

diagnostic tool to identify hypothermic piglets. 

7.2 Material and Methods 

This study was conducted on a subset of animals (N=630) representing 62 litters of piglets 

born alive from the population described in previous Chapters. The data were collected in late 

summer between February and March 2010. 

7.2.1 Data collection 

Infrared thermography (IRT) images were taken on 630 piglets with a hand held portable 

FLIR B250 Infrared Camera within 24 hours after farrowing and immediately prior to piglet 
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processing. The camera has an IR resolution of 240 x 180 pixels and an accuracy of ±0.2 °C. The 

emissivity was set to 0.98 throughout the experiment while the ambient temperature and 

relative humidity were adjusted to daily averages. Each piglet in a litter was given a temporary 

number (1-N) and allowed to resettle before the IRT images of all piglets in that litter were 

taken. All piglets and/or specific animal images were captured from approximately the same 

distance (1 to 2 m) above the animals, regardless of the piglet’s location in the pen. Piglets were 

imaged in situ to establish which measurement sites would normally be visible during a routine 

inspection without handling piglets. After permanent identification applied at processing, piglets 

with IR thermal images were linked back to the main data. Thermal data were not known by 

piggery staff and were not used to alter management of individual piglets in this study. 

 

 

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

5=EYE_O; 6=AVCRL. 

Each IRT image was made up of 30,000 pixel points (150X200), each of which contains 

temperature data. The digitised image was converted into comma-separated value (csv) files 

through the ThermaCam Researcher Professional 2.9. These images were used to generate a 

range of data points using an in-house program (ThermAnal 2.6, C#.net program, AGBU, UNE). 

Six specific areas were measured for each piglet (Figure 7.1). They were the surface 

temperatures  of the base of the left (BEAR_L) and right (BEAR_R) ear, towards the tip of the left 

(TEAR_L) and right (TEAR_R) ear, either the left or right eye (EYE_O), and the average 

temperature of the crown to rump length (AVCRL). For most piglets, AVCRL involved the whole 

length of the crown to rump length while only a portion of this region was averaged for the rest 

of the piglets. Averages for these two measurements were very similar. The temperatures 

between the ear base (AVBEAR_L, AVBEAR_R) and tips (AVTEAR_L, AVTEAR_R) were averaged to 

6 
1 

2 
4 
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5 
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obtain AVBEAR and AVTEAR, respectively. These traits will be referred to collectively as IR traits 

hereafter. All other piglet attributes including rectal temperature (PTEMP), birth weight (BWT), 

shivering (SHIV), and survival (SURV) outcomes recorded during processing were also included as 

part of this study. 

7.2.2 Data analysis 

General linear models (GLM) for R (R Development Core Team, Vienna) were used to 

investigate whether any systematic effects were associated with IR traits, rectal temperature, 

shivering, and survival. Effects tested were farrowing week (5 levels), line groups (2 levels), parity 

groups (4 levels), and sex (2 levels). The total number of piglets born per litter was assessed in 

the models as a linear covariate.  

Pearson’s correlation was used to determine the strength of relationships between traits. 

Only animals with all measurements at all anatomical regions (N=485) were included; the trait 

EYE_O was excluded from this analysis due to its low number (N=17) of records. 

7.3 Results and discussion 

7.3.1 Characteristics of the data 

Differences in the number of records occur for body temperature traits due to the piglet’s 

orientation and/or position in the pen when the IR pictures were taken (Table 7.1). Based on the 

static images, it was easiest to obtain records on AVCRL, followed by tips of ears, the base of 

ears, and eyes. About 10% of piglets did not generate at least 1 IR record for the ears. 

All IR images were taken from 1-2 meters above the piglets (i.e. a standing human 

operator) and from this position only a small number (N=17) of piglets were captured with a 

clear view of either the left or the right eye. While the number of records was low for EYE_O, its 

mean IR value was 37.6 °C, which was the same as for AVCRL, but slightly lower than PTEMP 

(38.0°C). From the paired t-test, the mean PTEMP and IR value for EYE_O were (N=16) not 

significantly different at P<0.05, but N is too low to be conclusive. Infrared temperature of the 

eye has been suggested as a practical proxy for core body temperature to identify animals with 

fever for further examination (Dunbar et al. 2009; Gloster et al. 2011). The IR temperatures of 

EYE_O in this study were very difficult to obtain without a controlled pickup, which is unfeasible 

in practical applications. Newborn piglets recorded shortly after farrowing tend to be positioned 
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with eyes closed or facing the sow. Due to the low number of records obtained, no further 

analysis was done for EYE_O. 

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

Variables Definition N Mean (SD) Min-Max CV% 

BEAR_L (°C) Base of left ear 539 38.0 (1.39) 30.8 – 41.8 4 

BEAR_R (°C) Base of right ear 545 37.9 (1.40) 30.8 – 41.6 4 

AVBEAR (°C) Average of base of ears 494 37.9 (1.34) 30.8 – 41.5 4 

TEAR_L (°C) Tip of left ear 575 34.2 (2.81) 26.6 – 41.5 8 

TEAR_R (°C) Tip of right ear 587 34.4 (2.71) 27.3 – 42.9 8 

AVTEAR (°C) Average of tip of ears 558 34.3 (2.67) 27.4 – 40.5 8 

EYE_O (°C) Eye orbital area (left or right) 17 37.6 (1.67) 33.3 – 40.4 4 

AVCRL (°C) Average temperature of crown to rump length 628 37.6 (1.31) 30.8 – 41.8 3 

PTEMP (°C) Rectal temperature  625 38.1 (0.70) 32.5 – 39.6  2  

BWT (kg) Birth weight 630 1.59 (0.35) 0.57-2.63 22 

SHIV (1/2) Absence or presence of shivering  625 1.09 (0.29) 1 – 2  27 

SURV (1/2) Piglet died or survived until weaning  630 1.85 (0.36) 1 – 2 19 

 

The mean value for PTEMP was significantly higher (P<0.01) than the IR mean value for 

AVCRL (N=622). To our knowledge, the average temperature of the crown to rump length has 

not been studied and its accessibility (N=630), relative to other anatomical regions considered in 

this study, could provide an opportunity to explore this anatomical region in the future.  

The mean IR temperatures for BEAR_L and BEAR_R were 38.0 and 37.9 °C, respectively 

and paired t-test showed no significance difference (P=0.72) between temperatures recorded at 

the two sites (N=494). Ear or tympanic membrane temperature is widely used as a more 

convenient and practical alternative to measure the core temperature of human infants (Hughes 

et al. 1985; Muma et al. 1991), feedlot steers (Mader et al. 2002), and viral infected calves 

(Schaefer et al. 2004). Mostly, tympanic membrane temperature are measured through the ear 

canal with the exception of Hughes et al. (1985) who took similar measurements behind the ear 

lobe of their patients. Paired t-test showed significantly lower IR values for BEAR_L (P<0.01) or 

BEAR_R (P<0.001) compared to PTEMP (N=535 and N=542), and between AVBEAR (P<0.01) and 

PTEMP (N=491). Temperatures measured at the ear base in this experiment were 0.1 °C lower 

than the rectal temperature recorded for the same piglets.  

As expected, the mean IR temperatures recorded at the tips of ears were relatively low 

(range: 34.2 to 34.4 °C). Like other neonatal farm animals, newborn piglets normally experience 

cold ambient temperatures (<34 °C) at birth relative to the desired temperature of 39 °C, and 

may reach body temperatures as low as 33 °C (Radostits et al. 2000). According to these authors, 
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piglets may exhibit shivering and trembling, with the skin of extremities (nose, tail, and ears) 

feeling cool to the touch. However, shivering thermogenesis is only possible when the core body 

temperature is above 34 °C (Lossec et al. 1998; Herpin et al. 2002). This suggests that piglets in 

deep hypothermic phase would not be easily identified if shivering is used as the only cue for low 

body temperature. In spite of the warm summer ambient temperatures and provision of heat 

lamps, 9% of piglets were shivering. 

Overall, standard deviations of body surface IR temperatures were higher than 

corresponding standard errors for rectal temperatures. All IR traits were more variable relative 

to the mean when compared to PTEMP, as indicated by the CV increasing from 2 to 8%. For 

animals with both BEAR and TEAR records, measurements at the ear tips were lower and more 

variable than measurements taken at the base of the ears, consistent with the explanation of 

colder and more variable temperatures of extremities. Increased variability in IR records could 

be due to both the characteristics of the anatomical region and variability in location within the 

anatomical region used to generate the trait value.  

The regressions of PTEMP and IR temperatures all showed positive relationships (Figure 

7.2). Our results showed that piglets with a rectal temperature below 36 °C were most likely to 

die (red circles). This is in contrast to piglets with a rectal temperature above this threshold, 

most of which survived (blue circles). Nevertheless, a small proportion of piglets with relatively 

higher rectal temperature died as a result of factors other than initial body temperature that 

cause piglet mortality (e.g. refer to Alonso-Spilsbury et al. 2007). 
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Figure 7.2 Scatter plots of rectal temperature with IR temperature (red circles: piglets that died; 

blue circles: piglets that survived). 
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7.3.2 Significant systematic effects 

Systematic effects that were significant (P<0.05) for each trait are shown in Table 7.2. 

Farrowing week, line, parity group or piglet gender were not consistently significant for all 

temperature traits. Overall, only a relatively small proportion of variation in each temperature 

trait (range: 1.6-5.4%) was explained by variables included in the models. For the reference trait, 

PTEMP, the rectal temperature of piglets born to maternal lines were slightly lower (37.7 °C) 

than those born to terminal lines (38.0 °C). Female piglets had a slightly higher rectal 

temperature (37.9 °C) than their male (37.7 °C) siblings. Total born was significant for all traits. 

The regression coefficient for total born (TB) was 0.02, suggesting a low gain in rectal 

temperature for every extra piglet born.  

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

Dependent variable 
Systematic effects  

Linear 
covariate R-squared 

(%) Farrowing 
week 

Breeding 
lines 

Parity 
groups 

Sex Total born 

BEAR_L (°C) ns *** ns ns ** 4.1 
BEAR_R (°C) ns *** ns ns ** 5.0 
AVBEAR (°C) ns *** ns ns * 5.4 
TEAR_L (°C) ns ns ns ns ** 1.6 
TEAR_R (°C) ns ns ** ns * 3.4 
AVTEAR (°C) ns ns * ns * 2.7 
AVCRL (°C) ns *** ns ns *** 4.7 
PTEMP (°C) ns *** ns ** * 3.6 
SHIV (1/2) *** ns ns ns ** 3.4 
SURV (0/1) ns ns ns ns ns - 

*** P<0.001; ** P<0.01; * P<0.05; ns: effects not significant at P<0.05. 

7.3.3 Correlations between IR traits recorded at different anatomical regions 

The absence of consistently significant random effects suggests that Pearson’s correlation 

are adequate to observe associations between IR traits. Pearson correlations between 

alternative measurements were calculated (Table 7.3) using only those animals with complete 

records (N=485) for all traits excluding EYE_O.  

Overall, correlations within locations were higher than correlations between locations, 

with a higher correlation between each location and the average, due to autocorrelation. For 

example, correlations between BEAR_L with BEAR_R (0.95) and between these two sites with 

AVBEAR (0.99). Yaron et al. (1995) measured the accuracy of the infrared tympanic thermometer 
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on human patients and found a strong correlation between the tympanic temperature of the 

two ears, indicating that taking the IR temperature reading of either ear is sufficient. This study 

shows a similar outcome when temperature is recorded at the base of the ears.  

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

 BEAR_L BEAR_R AVBEAR TEAR_L TEAR_R AVTEAR AVCRL PTEMP BWT 

BEAR_L 1.00         

BEAR_R 0.95 1.00        

AVBEAR 0.99 0.99 1.00       

TEAR_L 0.80 0.70 0.76 1.00      

TEAR_R 0.52 0.32 0.43 0.81 1.00     

AVTEAR 0.73 0.60 0.68 0.98 0.92 1.00    

AVCRL 0.90 0.83 0.87 0.67 0.43 0.61 1.00   

PTEMP 0.80 0.88 0.85 0.39 -0.004 0.27 0.75 1.00  

BWT 0.35 0.29 0.32 -0.06 -0.29 -0.14 0.41 0.47 1.00 

 

In contrast, correlations were lower between the base (BEAR_L and BEAR_R) and the tip 

(TEAR_L and TEAR_R) of the ears, anything between 0.33 to 0.80 and averaging 0.68. This was 

expected as blood flow towards the outer body surface and body extremities of cold animals are 

reduced in order to reduce further loss of body heat. 

Correlations between PTEMP and the ear base measurements were high. Several studies 

on goats and sheep (Goodwin 1998), dogs (Wiedemann et al. 2006), and wild primates (Boere et 

al. 2003) have compared tympanic infrared with rectal temperature and reported high 

correlations between these two regions. Likewise, studies on humans (Brennan et al. 1995; Van 

Staaij et al. 2003) have also shown high correlations (r=0.83 to 0.85) between the tympanic 

membrane and rectal temperatures. Interestingly, our strategy was consistent to that of Hughes 

et al. (1985) who measured the temperature of the area behind the ear lobes and rectal 

temperature of children and also found good correlations between the two measurements. 

However, some studies have reported poor correlations between the tympanic IR and 

rectal temperature, with tympanic temperature lower than the rectal temperature (Kunkel et al. 

2004; Chen and White 2006). Inaccurate readings are in most cases caused by the poor skills of 

the technician (Amoateng-Adjepong 1999), temperament of the subject (Boyce et al. 2002), and 

structure of the ear in some animals (Chen and White 2006). Preliminary investigation of the 

tympanic temperature in pigs showed similar problems and this measurement was not pursued 

further in this study. 
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The correlation between PTEMP and AVCRL was 0.75. To our knowledge, no studies have 

reported on the average temperature along the crown to rump surface of the newborn piglet, so 

this is the only estimate of correlation available. This result shows that body surface 

temperature is less associated with core body temperature than temperatures recorded at the 

base of the ears.  

7.3.4 Preweaning mortality 

The overall preweaning mortality for all piglets born alive in this study was 15.4% 

(n=630), higher than the average preweaning mortality rate of 13.9% in Australian pig farms (APL 

2009-2010), but still within the mortality rates reported in most commercial herds worldwide 

(Lay et al. 2002; Le Dividich et al. 2006; Straw et al. 2006; Alonso-Spilsbury et al. 2007). Sixty-one 

percent of these preweaning deaths occurred in the first 5 days of life, with 46% of deaths 

occurring in the first 48 hours (Figure 7.3), in agreement with (Dyck and Swierstra 1987; Arango 

et al. 2006). The main causes of death were crushing (46%) and starvation (32%), similar to 

reports by English and Morrison (1984) and Lay et al. (2002) on causes of early piglet deaths in 

developed countries. Differences in the farrowing environment (Edwards 2002) or animal 

genotype (Arango et al. 2006; Hellbrügge et al. 2008b; Su et al. 2008) have been associated with 

piglet mortality rates. Rauw et al. (1998) claimed that intense selection pressure for high 

production efficiency in previous years has put animals more at risk of behavioural, physiological 

and immunological problems. The herd used in this study was not at high health status and 

piglet deaths were elevated in the hot summer period due to pathogens. 
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Figure 7.3 Percentage of piglets which died by age of death (days) from birth to weaning. 

7.3.4.1 Birth weight and mortality 

To examine the effect of birth weight (BWT) on survival (SURV), piglets were clustered 

into light (BWT <1.25 kg; 16%) and heavy (BWT >=1.25 kg; 84%) groups. This threshold of 1.25 kg 

was obtained (N=9133) from an earlier study (Chapter 3) which showed that the survival rate of 

heavier piglets (BWT >= 1.25 kg) increased up to two fold.  

7.3.4.2 Relationships between temperature and mortality 

Piglets were divided into 5 approximately equal sized groups based on PTEMP, BEAR_L, 

TEAR_L, or AVCRL. However, obtaining identical group size was difficult to achieve given 

relatively low variation in temperature measures. The percent mortality within each 

temperature group by recording region/site are shown in Table 7.4. Except for results for 

TEAR_L, the piglet’s body temperature at birth was always positively associated with its survival 
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rate, regardless of the anatomical region. An earlier analysis of piglet attributes at birth using 

multivariate logistic regression (Tabuaciri and Bunter 2011), showed that piglet survival 

increased by 2 to 3 fold when rectal temperature was greater than 37.6 °C, generally consistent 

with the result in this study.  

A relatively large proportion (24 to 35%) of all preweaning deaths occur in lowest 

temperature group (range: 30.8 to 37.8 °C), with the exception of TEAR_L. From those that died 

in this category, around 50 to 60% died within the first 48 hours of lactation post-partum, in 

agreement with Marchant et al. (2000) and Andersen et al. (2005). The majority of these deaths 

were attributed to crushing, making early detection of sub-optimal piglets at birth important in 

reducing preweaning deaths.  

The lack of association observed between TEAR_L and birth weight, mortality, and rectal 

temperature does not support the use of extremities (such as ear tips and nose) as reliable 

indicators of risk to piglets.   

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

corresponding mean birth weight 

Group Number 
Temperature 

Range (°C) 

Mean 
temperature 

(°C) 

Mean birth 
weight (kg) 

Mortality 
Total (%) 

Mortality in 
the first 
48hr (%) 

PTEMP 
1 126 32.5-37.8 37.2±0.08 1.44±0.03 35 45 
2 157 37.8-38.2 38.0±0.01 1.54±0.03 11 35 
3 119 38.2-38.4 38.3±0.01 1.65±0.03 16 53 
4 112 38.4-38.7 38.5±0.01 1.61±0.03 8 33 
5 111 38.7-39.6 38.9±0.02 1.76±0.03 4 25 

BEAR_L 
1 117 30.8-37.1 36.1±0.11 1.49±0.04 27 53 
2 99 37.1-37.8 37.4±0.02 1.55±0.03 13 38 
3 113 37.8-38.4 38.0±0.01 1.66±0.03 15 47 
4 115 38.4-39.2 38.7±0.02 1.62±0.03 10 36 
5 95 39.2-41.8 39.8±0.06 1.64±0.03 12 18 

TEAR_L 
1 122 26.6-31.9 30.4±0.10 1.60±0.03 18 50 
2 113 31.9-33.5 32.6±0.05 1.55±0.03 21 50 
3 116 33.5-35.2 34.2±0.04 1.55±0.03 16 37 
4 115 35.2-37.0 36.1±0.05 1.64±0.03 11 54 
5 109 37.0-41.5 38.2±0.09 1.62±0.03 13 33 

AVCRL 
1 153 30.8-36.9 36.1±0.07 1.54±0.03 24 57 
2 111 36.9-37.3 37.1±0.01 1.60±0.03 17 26 
3 127 37.3-37.9 37.6±0.01 1.58±0.03 9 58 
4 118 37.9-38.7 38.3±0.02 1.63±0.03 12 64 
5 119 38.7-41.8 39.5±0.07 1.61±0.03 13 20 
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The percentages of piglets that died within groups, defined by 2 °C intervals are shown in 

Table 7.5. Results demonstrate that temperature below 36 °C at any anatomical region was 

associated with elevated mortality, again with the exception of TEAR_L.  

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

intervals) with the corresponding mean birth weights 

Groups N 
Temperature  

range (°C) 

Mean 

temperature 

(°C) 

Mean birth 

weight  

(kg) 

Total 

mortality 

(%) 

Mortality in 

48h (%) 

Piglets  

< 36 °C 

(%) 

PTEMP 
1 3 32.0-34.0 33.2±0.38 1.52±0.31 67 100 

 

1.76 

2 8 34.0-36.0 35.5±0.15 1.29±0.11 100 50 

3 222 36.0-38.0 37.6±0.03 1.49±0.02 21 41 

4 392 38.0-40.0 38.5±0.02 1.65±0.02 9 43 

BEAR_L 
1 3 30.0-32.0 30.8±0.00 1.74±0.18 33 100 

 

7.05 

2 4 32.0-34.0 33.4±0.24 1.42±0.15 75 67 

3 31 34.0-36.0 35.5±0.09 1.47±0.06 42 69 

4 237 36.0-38.0 37.3±0.03 1.55±0.02 15 40 

5 239 38.0-40.0 38.8±0.03 1.64±0.02 12 34 

6 25 40.0-41.8 40.6±0.09 1.66±0.06 12 33 

TEAR_L 
1 98 30.0-32.0 31.2±0.06 1.62±0.03 16 50 

68.6 

2 139 32.0-34.0 33.1±0.05 1.54±0.03 22 48 

3 128 34.0-36.0 35.0±0.05 1.62±0.03 12 40 

4 114 36.0-38.0 37.0±0.05 1.60±0.03 12 50 

5 45 38.0-40.0 38.7±0.08 1.65±0.05 16 29 

6 8 40.0-41.8 40.5±0.18 1.62±0.09 13 0 

AVCRL 
1 7 32.0-34.0 33.3±0.24 1.41±0.14 71 20 

7.80 

2 42 34.0-36.0 35.6±0.05 1.52±0.06 29 67 

3 371 36.0-38.0 37.2±0.02 1.59±0.02 15 48 

4 179 38.0-40.0 38.8±0.04 1.61±0.03 12 36 

5 28 40.0-41.8 40.7±0.09 1.62±0.06 7 50 

 

7.4 Practical applications 

7.4.1 Identifying cold piglets 

To actively identify at risk piglets in large commercial operations, an effective tool is 

required. Measuring rectal temperature with the standard clinical thermometer would not be 

practical from this perspective. From the captured infrared images, it was evident that AVCRL 

was more accessible compared to BEAR_L or BEAR_R, but less correlated with PTEMP than 
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AVBEAR. It was also observed that very high proportions of piglets recorded with an IR 

temperature of less than 36 °C either at the base of the ears or from the crown to rump 

measurement died. 

One of the major benefits of using thermal imaging is the rapid identification of 

hypothermic piglets (e.g. Figure 7.6). With the use of a thermal camera, identifying cold piglets 

would involve the scanning of a group of piglets all at once. It is convenient, non-invasive and 

practical in large operations and presents restraint related stress and injuries. To effectively carry 

out the task, the thermal camera could be set to highlight at risk piglets (IR temperature below 

36 °C) for rapid identification and treatment.  

 

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

Visual assessment of piglets after farrowing is a standard practice, but cold piglets could 

still be easily missed, especially for those with core body temperatures below the effective 

temperature for shivering thermogenesis. For example, the digital picture of piglet “C” (Figure 

7.4) did not provide much information about its homoeothermic status. However, the infrared 

image on the right showed that piglet “C” had IR temperature readings of 35.6 °C for BEAR_L, 

37.4 °C for BEAR_R, with a PTEMP reading of 36.8 °C. Further, piglet “C” was recorded as “not 

shivering” prior to processing, but was crushed by the sow one day after birth. Overall, 20 to 

30% of piglets with IR temperature below 36 °C showed signs of shivering. From the proportion 

(91%) of piglets that did not shiver at birth, only 13% died, but 66% of piglets that were observed 

shivering after birth died. Some discrepancies between piglet shivering and preweaning 

mortality were presumably due to other factors such as parturition duration, maturity level, 

C C 
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litter size, and environmental temperature (Lay et al. 2002). However, shivering is still a good 

indicator of risk and should always be evaluated together with other relevant clinical values. 

7.4.2 Identifying cold areas in the pen    

The physical environment, especially in the farrowing pen, plays a major role in piglet survival 

(Andersen et al. 2005; Baxter et al. 2008; Andersen et al. 2009). In most cases, temperatures in 

farrowing units are below the piglet’s lower critical temperature of 34 °C (e.g. Vasdal et al. 2011) 

to 34.6 °C , resulting in cold stress and less viable piglets (Lay et al. 2002). However, high 

temperatures adversely affect sows. A compromise to provide an optimum temperature for the 

newborn is usually achieved by artificially heating a small area in the farrowing pen for them.  

 

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

Heat is normally lost from the body by conduction, convection, evaporation, and 

radiation (Mount 1959; Radostits et al. 2000). In farrowing units with low ambient temperature, 

piglets tend to lose body heat more through conduction when it is exposed to the much lower 

temperature of its surrounding environment (Radostits et al. 2000; Andersen et al. 2005). The 

farrowing environment can be modified to reduce the effects of heat loss on the newborn. For 

instance, farrowing units with concrete and metal floor can be covered with either dry straw, 
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untreated wood shavings or wooden boards to provide insulation against the cold floor (Mount 

1959; Stephens and Start 1970). These authors reported improvement in the piglet’s viability 

when provided with straw floor.  

From the limited observations in this study, the IR temperature of the uncovered slatted 

metal floor ranged from 27 to 30 °C (e.g. Figures 7.7 and 7. 8), in contrast with the higher surface 

IR temperature (range: 34 to 37° C) of the wooden board that covered only a small portion of the 

creep area, demonstrating that insulating the creep area floor decreased the temperature 

differential and potentially the rate of heat loss in newborn piglets. Even lower temperatures 

could be expected in winter. However, it was also observed that newborn piglets made little use 

of this heated area unless physically moved. 

 

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

According to Curtis (1970) and Hammarlund (1980), newborn piglets also lose heat by 

evaporation, particularly soon after birth, due to evaporation of amniotic fluid from the skin 

surface . This could be made worse by air currents (increases evaporation rate) which enter the 

farrowing shed from holes and cracks on walls or from uncovered inlets of sludge or flush drains 

that run across farrowing pens. When left uncovered, cold air is pulled in from these openings to 

replace the warm air in the building as it rises (Curtis 1970; Fialho et al. 2004), causing a much 

cooler microenvironment for the newborn. Cool air that entered into the farrowing pen through 

the slatted floor (e.g. Figure 7.7 and 7.8) ranged from 23 to 33 °C, which could be detrimental to 

already cold piglets, especially when they are not located on the covered area of the pen. To 

conserve body heat, piglets huddle with other litter mates (Hartsock and Graves 1976; Lay et al. 

2002), a behaviour that is driven by thermal and tactile cues (Hrupka et al. 2000).  
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Our study also showed that IR temperatures between piglets during huddling (e.g. Figures 

7.7 and 7.8) could range from 39 to 40 °C, providing an alternative heat source to cold piglets in 

the litter. A study of the thermoregulatory interactions and piglet survival by Curtis (1970) 

revealed that when a temperature gradient exists, heat is passed in the direction of lower 

temperature, allowing piglets to gain or lose heat depending on the direction of the temperature 

gradient. 

Alternatively, some piglets would still prefer to stay close to the sow for warmth (e.g. 

Figure 7.9) regardless of the heat source location or the environmental temperature (Lay et al. 

2002; Kammersgaard et al. 2011). Several studies have examined the auditory, olfactory, visual 

and tactile cues to determine factors that compel piglets to huddle with the sow and reported 

mixed results. Welch and Baxter (1986) and Lay et al. (1999) reported that the physical and 

thermal properties of the sows’ udder were the causes of attraction for piglets, but Parfet and 

Gonyou (1991) claimed that it was the odour of the sows’ milk that attracted piglets to the sows’ 

udder. Altogether, the piglet’s attraction to the sows’ udder could be driven by warmth, odour, 

and tactile stimuli.  

Observation revealed that newborn piglets tend to stay away from gas, electric, and light 

heaters in the first 3 days after farrowing and preferred to huddle with other litter mates and/or 

the sow. Possible reasons could be that the radiated heat from these sources is too intense for 

the newborns’ skin and the resulting light too bright for its eyes; a microenvironment that is 

relatively so different from its previous. In most cases, smaller and weaker piglets are more likely 

to maintain their contact with the udder of the sow for warmth and milk, which also increases 

their chances of being crushed (Weary et al. 1996). 

Limited observations from this study (not shown) also indicated that the IR temperature 

of the sows’ udder ranged from 39 to 40 °C, much higher than the IR temperature of the sows’ 

back (range: 27 to 32 °C) or side (range: 34 to 36 °C). Cold piglets that huddle along the sows’ 

dorsal side would get less warmth compared to those that huddle at the udder (Figure 7.7). In 

any case, it is the severely cold piglet that fails to get away quick enough and is usually crushed 

by the sow (Kammersgaard et al. 2011). 
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Figure 7.7 Cold or low ambient temperatures attract piglets to the sow. 

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

reproductive traits 

Classification of dead piglets without autopsy has been an ongoing debate (Holyoake et 

al. 1995; Le Dividich et al. 2006). While piglets that are not fully developed at birth can be 

confidently classified as mummified, classification of dead fully formed piglets into stillbirth is 

mostly misdiagnosed and therefore over estimated (Le Dividich et al. 2006), especially when 

most farrowings in large operations are unobserved and post-mortem is not a practical 

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

As an example, both the piglets (D and E) were recorded as “crushed”, but given the 

difference in the overall body temperature of the two piglets, it was possible that piglet D was a 

stillbirth (Figure 7.8). Several authors have reported few stillbirths when supervision was 

provided to sows during parturition (Holyoake et al. 1995; White et al. 1996). In fact, White et al. 

(1996) reported that the provision of supervision by stockmen at farrowing would halve the rate 

of stillbirth, but according to Oliviero et al. (2007), this could significantly increase the 

production cost of the herd due to the extra labour costs. To reduce the under or overestimation 

of stillbirths, infrared imaging could potentially be utilised to separated stillborn piglets from 

those that died after farrowing. However, more tests are needed to further ascertain its 

accuracy for this purpose, since the interval between the farrowing event and the imaging time 

might also influence the outcome.  

7.4.4 Status of the mammary glands or udder 

Postpartum infection is a common occurrence in most countries and represents an 

economically important disease in sows (Gerjets and Kemper 2009). Of the number of conditions 

related to postpartum illness in sows, mastitis is one of the major infections affecting 

primiparous sows (Straw et al. 2006). In investigating the effects of sow health on preweaning 

piglet survival, Bunter and Tabuaciri (Bunter and Tabuaciri 2011) found that piglets born to sows 

with post-partum fever (temperature >39.7 °C) had lower survival rates. Straw et al. (2006) 

reported that clinical signs of a diseased sow in early lactation are fever (temperature >40 °C), 

lethargy, anorexia, and constipation; leading to low milk yield and poor piglet growth and 

survival.   

D D 

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

Thermal imaging could be an effective tool to identify mastitis or elevated temperature in 

sows (Figure 7.9) at an early stage in order to implement necessary measures to minimise any 

potential drawbacks on both the sow and piglets. Information regarding the use of infrared 

thermography to detect mastitis in sows is scarce. However, several authors (Colak et al. 2008; 

Hovinen et al. 2008; Polat et al. 2010) have reported positive results on the use of infrared 

thermography in detecting mastitis in dairy cows. Colak et al. (2008) and Polat et al. (2010) 

evaluated milk samples and udder skin surface temperature simultaneously from each quarter 

using the California Mastitis Test (CMT) and IR thermography and reported strong correlations 

between the two measurements, suggesting that infrared thermography can be used as a non-

invasive tool for detecting mastitis in farm animals. There were not enough sows observed for 

this application to be investigated further in this study.  

7.4.5 Cost-benefit analysis 

In Australia, preweaning mortality is on average around 14% (APL 2009-2010), and 

differences between farms are most likely due to differences in management (Andersen et al. 

2007) or health. With approximately 60% of preweaning deaths occurring within the first 2 days 

post-farrowing, early identification of piglets at risk and implementation of better management 

effort is required to increase the survival rate. Several authors (e.g. Andersen et al. 2007; 

Andersen et al. 2009) have reported reductions of 3 to 5% in preweaning mortality when 

intervention programs were provided to all newborn piglets but this is labour intensive. The 

preweaning mortality rate in this study was 15.4% and could be reduced to 12.7% if all of the 

cold piglets that died were saved. For a farm with 1000 breeding sows and average litter size of 

11, this could be translated to 690 more piglets at weaning. If only 50% of these piglets were 
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actually saved, a price of AU$45.00 per piglet would earn an extra AU$15,500.00 per weaning 

event per year. 

This rather simplistic analysis suggests the camera would be able to quickly pay for itself 

without using this technology for other applications. However, this supposition needs to be 

investigated further since many deaths are small and light piglets, which are also more likely to 

produce poorer carcasses at finishing (Rehfeldt and Kuhn 2006). With the camera, at risk piglets 

could be identified earlier and given the necessary care (e.g. drying colostrum supplementation 

and warming).  

7.5 Conclusions 

Infrared thermography is an effective tool in identifying hypothermic piglets at an early 

age. Considering the accessibility of AVCRL and the correlation between this site and PTEMP, it is 

a viable alternative to measuring actual core body temperature of newborn piglets for 

identifying hypothermic piglets. Our work showed that mortality rate increased as the IR 

temperature of the base of ears or crown to rump dropped below 36 °C. While the purpose of 

this study was to only focus on identifying hypothermic piglets at birth, future work could 

include investigations of localised and postpartum infections in the breeding sow and the status 

or condition of the breeding boar.  
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Chapter 8 

Breeding program options for improving piglet survival 

8. Introduction 

 The number of piglets weaned per sow per year is a common indicator for measuring the 

efficiency of a production system in the pig industry. A focus on the number of piglets weaned 

has typically led breeders to put more selection emphasis on litter size in their breeding 

objectives because the number of piglets weaned, after cross-fostering, is often not a heritable 

trait. While this selection approach has resulted in an increase in litter size, preweaning mortality 

has also increased (e.g. see review by Lay et al. 2002). Therefore, gains to the number of piglets 

weaned are offset. 

 Piglets born in large litters are lighter or smaller, and less mature compared to their 

contemporaries from smaller litters (Milligan et al. 2001; Bunter et al. 2009b). Smaller and 

lighter piglets are more likely to die of starvation, hypothermia, and crushing by the sow (e.g. see 

reviews by Edwards 2002; Lay et al. 2002; Alonso-Spilsbury et al. 2007).  

 Maximizing the number of piglets weaned per sow per year not only depends on the 

number of piglets born alive, but also on the ability of the sow to rear its piglets and the 

potential of those piglets to adapt and perform well in the given environment. Sow traits, such 

as the average birth weight, have been included in breeding programs to improve the number of 

piglets weaned, but some authors suggested that the genetic correlation between the average 

birth weight and number weaned is unfavourable (Roehe 1999; Lund et al. 2002). As such, other 

potential traits (sow and piglets) should be explored for their potential to be included in existing 

breeding programs. The objective of this study was to use simple selection index procedures to 

investigate the use of some traits identified in this research project for their use in breeding 

programs to improve piglet survival. 
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8.2 Material and methods 

8.2.1 Traits considered 

 All traits considered for index calculations have been described previously. The initial 

values for the genetic parameters were obtained from Chapters 4 and 5 (Table 8.1 and 8.2). 

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

the economic value (v)  

Traits h2 r σ2
p v (AU$) 

NBA (N/litter) 0.10 0.30 9.37 0 

TB (N/litter) 0.06 0.29 10.1 0 

GEST (days) 0.37 0.58 2.45 0 

TEAT (N) 0.16 0.98 1.16 0 

NSURV (N/litter) 0.14 0.36 7.53 50 

NWEAN (N/litter) 0 0.26 7.33 0 

BWT_S (kg) 0.30 0.65 0.04 0 

CRUMP_S (cm) 0.37 0.56 1.48 0 

INCIS_S (1/2) 0.24 0.43 0.43 0 

RESP_S (1/2) 0.13 0.27 0.27 0 

 

Response was predicted for a single generation of selection only, comparing 

contributions from alternative selection criteria. The assumptions were that i) selection intensity 

= 1, and  ii) selection candidates do not have their own records available at selection. The trait of 

interest was considered to be NSURV rather than NWEAN because NSURV represents the full 

complement of surviving piglets regardless of whether cross fostering has occurred. Moreover, 

as with other studies, NWEAN was not a heritable trait. 

The response to selection for piglet survival was determined through index calculations 

using the selection index program developed by van der Werf (2005). The genetic variance-

covariance matrix based on bivariate results was not positive definite (Table 8.2), therefore 

bending was performed to obtain a positive definite matrix (Table 8.3). The main changes 

resulting from bending were reductions in the magnitude of genetic correlations between 

NSURV and TB, NBA or BWT_S. 
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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  

 Traits NSURV TB NBA BWT_S GEST INCIS_S CRUMP_S RESP_S TEAT 

NSURV (N/litter) 0.01 0.04 0.06 0.00 -0.02 0.00 0.00 0.00 0.01 

TB (N/litter) 0.70 0.60 0.55 -0.02 -0.27 -0.02 0.02 0.01 -0.03 

NBA (N/litter) 0.83 0.73 0.94 -0.01 -0.21 -0.01 0.09 0.01 -0.06 

BWT_S (kg) 0.50 -0.26 -0.09 0.01 0.00 0.00 0.07 0.00 0.01 

GEST (days) -0.31 -0.37 -0.23 -0.02 0.91 0.08 -0.04 -0.01 -0.18 

INCIS_S (1/2) -0.38 -0.15 -0.10 0.16 0.62 0.02 0.03 0.00 -0.02 

CRUMP_S (cm) 0.07 0.03 0.13 0.91 -0.06 0.30 0.55 -0.03 -0.05 

RESP_S (1-3) -0.27 0.38 0.26 -0.77 -0.18 -0.59 -0.77 0.00 -0.01 

TEAT (N) 0.21 -0.09 -0.15 0.16 -0.44 -0.34 -0.15 -0.31 0.19 

 

 

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 

 Traits NSURV TB NBA BWT_S GEST INCIS_S CRUMP_S RESP_S TEAT 

NSURV (N/litter) 0.01 0.04 0.06 0.00 -0.02 0.00 0.00 0.00 0.01 

TB (N/litter) 0.60 0.60 0.55 -0.02 -0.27 -0.02 0.02 0.01 -0.03 

NBA (N/litter) 0.72 0.73 0.94 -0.01 -0.21 -0.01 0.09 0.01 -0.06 

BWT_S (kg) 0.21 -0.24 -0.08 0.01 0.00 0.00 0.07 -0.01 0.01 

GEST (days) -0.27 -0.37 -0.23 -0.02 0.91 0.08 -0.04 -0.01 -0.18 

INCIS_S (1/2) -0.31 -0.15 -0.10 0.14 0.62 0.02 0.03 0.00 -0.02 

CRUMP_S (cm) 0.07 0.03 0.13 0.84 -0.06 0.30 0.55 -0.03 -0.05 

RESP_S (1-3) 0.01 0.34 0.23 -0.81 -0.16 -0.51 -0.69 0.00 -0.01 

TEAT (N) 0.18 -0.09 -0.15 0.15 -0.44 -0.34 -0.15 -0.28 0.19 

 

8.2.2 Indexes compared  

 The alternative trait combinations investigated are presented in Table 8.4. The trait 

combinations compared were chosen to reflect natural extensions in ease and cost of recording.  
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Table 8.4 Sow traits considered in the selection index 

Traits 
Indexes 

1 2 3 4 5 6 7 8 9 10 11 
NSURV (N/litter)            

TB  (N/litter)            

NBA (N/litter)            
BWT_S  (kg)            
GEST  (days)            
INCIS_S (0/1)            
CRUMP_S (cm)            

RESP_S  (1-3)            

TEAT  (N)            

 

Scenario 1: All single records per dam 

Scenario 2: 3 records per dam, 1 record per FS and HS, with 1FS and 10 HS recorded  
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8.3 Results and discussion 

 The response in the number of surviving piglets was lower for selection based on Index 1 

compared to Index 2, supporting the use of NBA over TB as a selection criterion for improving 

the number of piglets surviving until weaning (Table 8.5). This is consistent with conclusions from 

Chapter 4 and the review of Bunter (2009). 

 The additional effort of recording NSURV directly (Index 3) resulted in an increase in 

response to piglet survival at weaning by almost double. While the amount of information would 

be useful for improving piglet survival, the difficulties involved in recording NSURV could present 

a problem, because all piglets must be individually identified at birth and an inventory of deaths 

for individual piglets is required. 

   Response to piglet survival was lower in Index 4, which replaced NSURV with GEST, but 

the information on GEST can be easily obtained from the farrowing records. Index 5 which 

includes BWT_S increased response in piglet survival. Recording of the traits used in this index is 

more practical and widely used in most production systems.   

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

traits after one generation of selection 

Index Traits included Accuracy 
Responses 

NBA GEST BWT_S NSURV 

1 TB 0.074 0.086 -0.04 -0.003 0.006 
2 NBA 0.113 0.153 -0.03 -0.002 0.010 
3 NBA and NSURV 0.213 0.119 -0.05 0.007 0.018 
4 NBA and GEST 0.130 0.154 -0.17 -0.001 0.011 
5 NBA, GEST, and BWT_S 0.178 0.145 -0.15 0.024 0.015 
6 NBA, GEST, BWT_S, and TEAT 0.182 0.136 -0.16 0.024 0.016 
7 NBA, GEST, BWT_S, INCIS_S 0.195 0.133 -0.16 0.024 0.017 
8 NBA, GEST, BWT_S, CRUMP_S 0.180 0.127 -0.15 0.022 0.016 
9 NBA, GEST, BWT_S, RESP_S 0.181 0.150 -0.15 0.023 0.016 

10 NBA, GEST, BWT_S, TEAT, INCIS_S 0.200 0.125 -0.17 0.024 0.017 
11 NBA, GEST, BWT_S, INCIS_S, NSURV 0.249 0.129 -0.20 0.008 0.022 

 

 Index 6 had a slight increase in response to piglet survival response compared to index 5 

after adding information on TEAT. The total teat number was highly correlated (at the 

phenotypic level) with the number of functional teats. This makes selection for TEAT important, 

especially when cross-fostering is based on the number of functional teats (England 1986). 

However, it was the favourable rA between TEAT and NSURV that contributed to the response to 



137 
 

selection for NSURV. Selection for teat numbers is usually done at birth in some operations, but 

it is mostly done when gilts are selected for breeding (Smith et al. 1986).   

Response to piglet survival was higher when TEAT was replaced by INCIS_S. This is in 

agreement with our previous finding (Chapter 5) that survival increased with INCIS_S because 

this trait may represent piglet maturity at birth. Recording for this trait can be a challenge as it 

involves the pick-up of every piglet during processing for recording of the individual. This data 

could also be recorded more simply as the number of piglets (or %) with erupted I1 at the sow 

level, which could be considered but this does not lower the labour component. It is important, 

however, that any gain in response to selection should be considered against the cost of 

recording that extra information. 

In index 8, INCIS_S was replaced by CRUMP_S, while maintaining the other traits. The 

response to piglet survival slightly dropped, because CRUMP_S is less informative for survival 

than INCIS_S. Similar trends were seen for Index 9, which contained RESP_S, suggesting that 

adding these two traits is less beneficial than considering INCIS_S. For Index 10, RESP_S was 

replaced by TEAT and INCIS_S, however, only a slight increase in response to piglet survival was 

observed. The highest response to piglet survival until weaning was seen in Index 11, but it is 

likely that it would require more man hours for recording individual piglets. 

In the second scenario, 3 records per dam, 1FS, and 10 HS were used (Table 8.6) and the 

patterns of contributions from traits was the same as described previously. Response increased 

by about 2 fold and the ranking of alternate indexes were very similar. About 80% of the 

maximum response obtainable (under Index 2) is possible with Index 10, which includes criteria 

which are much less demanding to record. Incisor eruption could be important addition to 

breeding programs. Due to the unfavourable correlation between NBA and NSURV, responses in 

NSURV are not maximised when indexes put more emphasis on litter size, because unfavourable 

consequences for piglet quality are not considered. 
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Table 8.6 Accuracy of selection and genetic response to selection in individual traits after one 

generation  

Index Traits included Accuracy 
Responses 

NBA GEST BWT_S NSURV 

1 TB 0.163 0.191 -0.10 -0.008 0.014 
2 NBA 0.242 0.327 -0.07 -0.003 0.021 
3 NBA and NSURV 0.425 0.246 -0.10 0.014 0.037 
4 NBA and GEST 0.262 0.325 -0.26 -0.002 0.023 
5 NBA, GEST, and BWT_S 0.327 0.302 -0.23 0.035 0.028 
6 NBA, GEST, BWT_S, and TEAT 0.332 0.288 -0.24 0.035 0.029 
7 NBA, GEST, BWT_S, INCIS_S 0.353 0.278 -0.23 0.035 0.031 
8 NBA, GEST, BWT_S, CRUMP_S 0.343 0.247 -0.22 0.030 0.030 
9 NBA, GEST, BWT_S, RESP_S 0.339 0.293 -0.23 0.031 0.029 

10 NBA, GEST, BWT_S, TEAT, INCIS_S 0.358 0.267 -0.25 0.034 0.031 
11 NBA, GEST, BWT_S, INCIS_S, NSURV 0.452 0.252 -0.27 0.014 0.039 

  

8.4 Conclusions 

 Indexes maximising the number of surviving piglets do not maximise response in TB or 

NBA. This is due to the negative association between piglet survival and litter size. In addition, 

knowledge of piglet birth weight and gestation length also do not maximise response to 

selection in NSURV. Adding knowledge of the number of surviving piglets to selection based on 

litter size at birth alone increases response in the number of surviving piglets. However, this 

requires inventory recording for individual piglet survival. When individual piglets are recorded 

other piglet attributes can also improve response to selection in piglet survival. Considering 

piglet maturity at birth (represented by INCIS_S) improves response in NSURV, at the cost of 

additional recording. Piglet survival can be altered by selection based solely on sow traits, but 

rates of response are slow, particularly if the amount of available data are low. However, faster 

rates of response would be achieved by Best Linear Unbiased Prediction (BLUP) using a lot of 

data and this should be evaluated. Traits like GEST and INCIS_S are the most promising selection 

criteria to add, but the results depend on the true parameters. Incisor eruption also has the 

potential to improve selection response in piglets and genetic parameters should be estimated 

in other populations. In addition to slow rates of response in NSURV, the differential between 

response in NBA and NSURV indicates that preweaning deaths would still increase numerically. 

This could be unacceptable and further strategies need to be evaluated. 
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Chapter 9 

General conclusions 

The main task of this research was to investigate traits of both the sow and the piglet and 

establish their possible effects on and contribution towards piglet survival. 

Results from logistic regression analyses showed that all relevant factors affecting piglet 

survival were better identified when the information from both the sow and the piglet were 

combined. The main sow traits associated with piglet survival were sow rectal temperature, the 

interval between transfer and farrowing dates, and teat access. These results suggest that 

producers have an opportunity to minimise piglet wastage by addressing the problems of post-

partum infection or complications, management to reduce stress of pregnant sows in the 

farrowing house, and lack of teat access associated with farrowing crate design and fit. While 

addressing these factors could offer immediate improvements, the sow traits were further 

analysed in the following chapters to determine their genetic components and their associations 

with their own piglets or the piglets they nursed. These analyses showed that the heritability 

estimates for sow rectal temperature and teat access were 0.19±0.10 and 0.0±0.0, respectively. 

Correlations between sow rectal temperature and other sow traits or piglet survival were low 

and insignificant. These results confirmed that teat access, sow rectal temperature, and interval 

between transfer and farrowing dates could be used to better improve piglet survival through 

better management.  

Gestation length, sow body weight and backfat thickness pre-farrowing were highly 

heritable traits. Other sow traits were either lowly or not heritable at all. Heritability estimates 

for number born alive, total born, the number of piglet surviving, and number weaned were 

0.10±0.09, 0.06±0.08, 0.14±0.10, 0.0±0.0, respectively. The comparison of heritability estimates 

for the number of piglets surviving and number weaned suggest that number surviving should be 

used as a breeding objective trait instead of number weaned. Further, phenotypic correlations 

between the number of piglets surviving and total born or number born alive, showed that the 

latter was the best selection criterion trait between the two litter size traits. On the other hand, 

number weaned was phenotypically correlated with sow agitation, functional teats, or lactation 

feed intake at the phenotypic level and should be used to improve contributions of the nursing 

sow to piglet survival.  
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Piglet traits were averaged by litter and treated as traits of the sow to determine whether 

any of these traits, apart from birth weight, were under the genetic control of the dam. Of these 

traits, birth weight and crown to rump length were highly heritable (0.30 and 0.37) while incisor 

eruption was moderately (0.24) heritable. The rest of the piglet traits were either lowly or not 

heritable when treated as traits of the sow, suggesting limited maternal input. Birth weight had 

favourable associations with all piglet traits indicating viability at birth, which implied that high 

birth weight would improve piglet quality at birth. This was also confirmed by its favourable 

correlation with piglet survival. All other piglet traits were also favourably correlated with piglet 

survival, with the exception of crown to rump length and shivering. Sow traits that were 

associated with piglet attributes were GEST and the litter traits (total born and number born 

alive). Longer gestations improved the quality of piglets at birth and their survival at weaning. 

The litter traits were unfavourably correlated with the piglet attributes, but less so for number 

born alive. 

Analysing individual piglet attributes showed large maternal components for most piglet 

traits, but there was more indication of the piglet’s genes for incisor eruption, shivering, 

ponderal index, and rectal temperature. Further, the correlations between piglet survival and 

these attributes were stronger compared to the same attributes treated as a trait of the sow, 

which suggested that individual piglet traits provided more information on outcomes for 

individual piglets than when the same attributes were averaged by litter.  

Newborn piglets are mostly vulnerable to low ambient temperatures at birth (Lay et al. 

2002) and due to the rapid increase in stock numbers in commercial operations, screening and 

identifying susceptible piglets can be problematic. The underlying motivation is that piglets at 

risk of death are typically cold, since loss of the ability to thermoregulate is a common 

consequence of farrowing difficulty, or lack of colostrum intake. For these reasons, the use of 

infrared thermography (using a portable thermal camera) to screen for at risk piglets was 

investigated. The infrared (IR) temperature of six anatomical areas were measured, but two 

(base of ear and crown to rump length) were highly correlated with the rectal temperature of 

the piglet. Results showed that an IR temperature of below 36°C decreases the piglet’s chances 

of survival, which is in agreement with our results in Chapter 3. From this work, it could be 

established that thermal imaging was non-invasive and an effective tool that allowed for the 

rapid identification and mass screening of piglets in commercial settings.  
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Improving piglet survival at weaning demands a balanced approach and requires the 

selection of other sow traits, apart from number born alive. At present, most breeding programs 

have focused on the number of piglets born alive and weaned. Several combinations of heritable 

sow traits (number born alive, gestation length, piglet birth weight, teat number, incisor 

eruption, respiration, and survival) were analysed together to assess the response in piglet 

survival. From the standard traits currently used (number born alive and birth weight), response 

in piglet survival could be increased by as much as 90% when gestation length and teat number 

are added as selection criteria traits. This was further increased when incisor eruption was 

considered, but the cost of recording incisor eruption could outweigh its benefits.  
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Appendices 

Appendix 1: Recording sheet for the sow traits 

Sow ID: ........... SHED: ...    PEN: ...  Farrowing date: .../ .../...   

WT110: ....              P2110: .... 

Traits Score levels 

 1 2 3 4 5 6 

Pre-farrowing 

Locomotion   

 

     

Body condition score  

 

     

Udder  

 

     

Agitation  

 

     

Shoulder lesion  

 

     

Teat accessibility  

 

     

Sow-crate fit  

 

     

Colostrum  

 

     

Teat conditions  

Lesion             Cut             Blind              Inverted             Dead 

 

Total number of teats  

 

Post-farrowing 

Udder development 

 

      

Nervousness  

 

     

Bloodshot eyes  

 

     

Rectal temperature  
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Appendix 2: Udder score pre-farrowing 

Score Description 

 

 

 

 Udder is well developed 

 Clear distinction of mammary glands 

 

 

 

 

 

 Udder well developed 

 Mammary glands are not clearly 

distinct 

 

 
 

 

 

 

 

 Udder less developed 

 Mammary glands are not well 

defined 

 

 

 

 

0 

1 

2 
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Appendix 3: Sow-crate fit score 

Score Description 

 

 

 

 Plenty of room 

 

 Overall crate not filled 

 

 

 

 

 Moderate room 

 

 Overall crate filled 

 

 

 

 

 

 No room 

 

 

 Overall crate fully filled with 

movement limited 

 

 

 

0 

1 

2 
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Appendix 4: Udder score post-farrowing 

Score Description 

 

 

 

 

 Udder is well developed 

 

 Clear distinction of mammary glands 

 

 

 

 

 

 Udder well developed 

 

 Mammary glands are not clearly 

distinct 

 

 

 

 Udder less developed 

 

 Mammary glands are not well 

defined 

 

0 

1 

2 
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Appendix 5: Recording sheet for individual piglet traits for each litter 

 

Sow ID: ........... SHED: ...    PEN: ...  Farrowing date: .../ .../...  TB: .... SB: ... MUMS: ... 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

 

Piglet tattoo ID 

                 

Sex 

(1=M; 2=F) 

                 

 

Weight (kg) 

                 

Meconium stain 

(1=absence; 2=presence) 

                 

Skin colour 

(1=normal; 2=pale) 

                 

 

Respiration 

 

 

                

 

Muscle   tone 

                 

Shivering 

(1=absence; 2=presence) 

                 

Piglet condition score                  

 

Hydration test 

                 

Bloodshot  eyes 

(1=absence; 2=presence) 

                 

Tooth eruption (I1) 

(1=absence; 2=presence) 

 

 

 

 

 

               

Crown-rump length  (cm)  

 

                

Rectal temperature 

(0C) 

                 

 


