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ABSTRACT 
 

Currently, the farrowing crate is the main form of housing for sows during farrowing and 

lactation, primarily due to its ability to reduce pre-weaning piglet mortality. However, the 

restrictive environment of the farrowing crate has led to welfare concerns for the sow as it 

limits the performance of nest building behaviour, which can lead to increased stress 

responses. Alternative housing systems that provide increased space can improve the welfare 

of the sow, but these systems commonly result in an increase in piglet mortality and/or are 

not viable in commercial pig production systems. Hence, a commercially viable housing 

system that meets sow behavioural and welfare needs while also reducing pre-weaning piglet 

mortality is of importance to pig producers. The aim of the research presented in this thesis 

was to investigate strategies to improve the welfare and performance of the sow and piglet 

in confinement and reduced confinement farrowing and lactation housing systems. 

Specifically, different periods of sow confinement and the use of nutritional supplements 

under confinement were investigated.   

A swing-side pen was used to investigate the effect of different periods of sow confinement. 

The swing-side pen could be opened to allow the sow enough space to turn around, or it could 

be closed to confine the sow similar to a farrowing crate. Reduced sow confinement prior to 

and during farrowing did not encourage the performance of nest building behaviour by sows, 

but it did allow increased interactions with piglets during farrowing and a reduced stereotypic 

behaviour in early lactation compared to sows housed in a standard farrowing crate. 

However, reducing sow confinement during farrowing and early lactation increased live born 

piglet mortality compared to a standard crate. While reducing sow confinement did reduce 

still birth mortality in piglets and improve some aspects of piglet viability at birth, no other 
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improvements in piglet performance were observed that could help outweigh the financial 

and welfare cost of the increase in live born piglet mortality.  

Further investigation then focused on the effect of housing during gestation and farrowing on 

piglet viability and survival born to first parity sows. It was expected that changing gilts from 

a loose housing system during gestation to a restrictive housing system during farrowing 

would negatively influence farrowing performance and piglet viability and survival compared 

to gilts that did not change confinement type from gestation to farrowing. There was no effect 

of the interaction between gestation and farrowing housing on piglet viability and survival. 

Confinement during farrowing did have an effect on individual piglet measures, with piglets 

from gilts that were loose housed taking less time to stand and to suck from a teat compared 

to piglets born from gilts that were confined.  

Lastly, it was investigated whether it was possible to improve the welfare of the sow housed 

in confinement by dietary supplementation with tryptophan. Previously, tryptophan has been 

shown to reduce cortisol concentration and aggressive behaviours in pigs when exposed to a 

mixing stressor. Supplemental tryptophan was added to the diet of sows housed in a standard 

farrowing crate from entry into farrowing accommodation (day 107 – 109 of gestation) until 

three days post-partum. The supplemental tryptophan (12g of L-tryptophan /day) was 

provided as a top dressing at each feed (5g of L-tryptophan /kg of feed). Providing 

supplemental dietary tryptophan to sows tended to reduce the performance of stereotypic 

behaviour, but did not affect any other measures of sow behaviour or plasma cortisol prior to 

and during farrowing. In early lactation there was trend for sows fed a diet with supplemental 

tryptophan to display more calm behaviours and have a lower plasma cortisol concentration.   
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In summary, the findings presented in this thesis demonstrate that confining the sow for only 

the first seven days of lactation and then reducing confinement until weaning in a swing-side 

pen can achieve similar live born piglet survival compared to sows that are confined in a 

farrowing crate until weaning for 26 days. Alternatively, if the sow needs to remain confined 

prior to and during farrowing, supplementing tryptophan in the feed can reduce measures of 

stress in the sow.  
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CHAPTER ONE 

 

Literature Review 
 

1.1 Introduction 
 

The welfare of production animals has become of increasing interest to the public, particularly 

intensive production systems where animals are housed in confined spaces.  Due to this 

pressure, a number of countries have banned or limited the use of confinement housing 

within the pork industry. The use of sow gestation stalls has been banned throughout Europe 

since 2013 and the Australian Pork Industry pursued the voluntary phase-out of individual 

gestation stalls by 2017. However, the farrowing crate, which restricts sow movement, 

remains the main form of housing for sows during the farrowing and lactation period. Barnett 

et al (2001) reported that approximately 95% of 300,000 Australian sows are assumed to 

farrow in crates. Similarly, 95% and 83% of sows are estimated to be housed in farrowing 

crates in United States and EU respectively (Špinka 2018). Farrowing crates were originally 

designed and implemented to reduce the high piglet mortality rates observed in indoor and 

outdoor loose housing systems (Barnett et al. 2001). The farrowing crate works to reduce 

piglet mortality by confining the sow so that they have restricted movement, which in turn 

reduces the risk of the piglet being trapped beneath and, thus, overlain by the sow. But there 

is increasing concern as to the welfare implications for the sow, with one of the main concerns 

being that the restrictive environment prevents the sow from performing highly motivated 

nest building behaviours prior to farrowing (Thodberg et al. 2002a). This has led to the 

development of alternative housing systems that provide the sow with increased space; 

however, these systems often result in higher pre-weaning piglet mortality rates compared 

to conventional farrowing crates (Cronin and Smith 1992a; Blackshaw et al. 1994; Marchant 
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et al. 2000). Although, the literature is conflicting as studies have shown no increase in piglet 

mortality (Webber et al. 2007; Cronin et al. 2000; Moustsen et al. 2013). Therefore, further 

research is required to develop a housing system that can improve sow welfare during 

farrowing and lactation, while still producing similar or lower piglet mortality rates to that of 

a conventional farrowing crate. 

 

1.2 Sow behaviour and physiology and the effect of housing 
 

1.2.1     Nest building behaviour 
 

Nest-building prior to parturition is an important behavioural trait for both wild and 

domesticated sows. The purpose of building a nest is to provide the piglets with an 

environment sheltered from the weather, to ensure they maintain an appropriate body 

temperature, and to provide protection from predators (Wischner et al. 2009). Sows isolate 

themselves from the social group in search for a suitable nesting site approximately one to 

two days prior to farrowing (Jensen 1986; Stolba and Woodgush 1989). They are very 

particular in their preference, and can travel distances of up to six kilometres in search for a 

suitable nesting site (Jensen 1986). Both Jensen (1986) and Andersson et al (2011) found that 

the majority of sows chose a nesting site on a slope with protection in the form of vegetation, 

branches and rocks. Nest building behaviour then begins approximately 24 hours prior to 

parturition, with the greatest frequency occurring six to twelve hours prior to the expulsive 

stage of parturition, gradually decreasing towards parturition (Castrén et al. 1993). Jensen et 

al. (1993) has described nest building as having two distinct phases. The first involving the 

construction and preparation of the nest, with rooting and pawing behaviours displayed to 
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allow the sow to dig out a hollow to form the nest. The second phase involves the gathering 

and arrangement of nesting material.  

A range of internal and external stimuli have been suggested as possible triggers throughout 

the different phases of nest building behaviour in sows (Wischner et al. 2009). It was 

suggested that the internal stimuli play a greater role in the first phase, while the external 

stimuli play a greater role in the second phase of nest-building behaviour (Jensen et al. 1993). 

A range of hormones including prolactin, progesterone and somatostatin (Castrén et al. 1993) 

and prostaglandins (Widowski et al. 1990) have all been investigated as possible internal 

stimuli. Early studies found that a rise in prolactin was associated with the onset of nest 

building behaviours with an increase in rooting and pawing behaviour (Widowski et al. 1990; 

Castrén et al. 1993). This was later contradicted with prolactin only being found to be related 

to minimal or no nest building behaviours (Rushen et al. 2001; Damm et al. 2002a). The 

second phase of nest building has suggested to be influenced by external stimuli, such as 

temperature, the availability of nesting material and the level of protection of the nest site 

(Jensen 1993). This is supported by findings that the presence of a pre-formed nest had a 

greater influence on the gathering of straw rather than pawing behaviours (Arey et al. 1991). 

However, hormones have also been found to have a role in this phase, with a relationship 

between progesterone and somatostatin and the amount of time spent carrying straw found 

(Castrén et al. 1993). These studies suggest that while the onset of nesting is most probably 

under internal hormonal control the role of internal and external stimuli on the continuation 

of nesting behaviours is complex. A few hours prior to farrowing, nesting behaviour ceases, 

and the sow lies in the nest (Jensen 1986; Castrén et al. 1993). An increase in oxytocin has 

been associated with the end of nesting behaviours, with sows with higher oxytocin 

concentrations eight hours prior to farrowing ending nest building sooner (Castrén et al. 
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1993). The sow remains in the nest and is mostly passive throughout the farrowing process, 

but does occasionally stand up and turn around to sniff piglets and change farrowing posture 

(Jensen 1986;Petersen et al. 1990). 

It might be expected that the need for particular behaviours may be reduced or non-existent 

in domestic sows due to the highly controlled and stable environment of a commercial system 

(Wischner et al. 2009). This does not appear to be the case as domestic sows in a free ranging 

environment exhibited similar behavioural patterns during the peri-parturient period to that 

of wild boar (Gustafsson et al. 1999). Therefore not surprisingly, nesting behaviours are 

observed in sows housed in both farrowing crates as well as confinement-free housing. The 

level of performance of these behaviours is highly affected by the housing type and 

environment. Nesting behaviours of sows are more elaborate in confinement-free housing 

compared to farrowing crates (Thodberg et al. 2002a), with an increase in pawing, rooting 

and other important behaviours reported in pens (Hartsock and Barczewski 1997; Damm et 

al. 2003). Farrowing crates prevent adequate performance of many of the nest building 

behaviours and result in increased performance of frustrated nesting behaviours, including 

oral and nasal stereotypies and postural changes prior to farrowing (Damm et al. 2003). This 

suggests that sows in farrowing crates may experience increased restlessness from an 

uncompleted nest or insufficient performance of behaviours due to space and substrate 

restriction. These frustrated nesting behaviours may continue closer into farrowing and 

influence the behaviour of the sow over the farrowing period. This could be detrimental to 

piglet survival as it may prolong the farrowing duration and put piglets at a greater risk of 

being overlayed. Jarvis et al. (2001) reported that the peak of substrate directed behaviour 

occurred closer to the birth of the first piglet in farrowing crates compared to pens with straw. 
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However, Damm et al. (2003) showed that sows with an adequate environment to display 

nesting behaviours continue these behaviours into the farrowing period.  

 

1.2.2      Maternal behaviours 
 

The major function of maternal behaviour is to care for the offspring so as to minimise 

offspring mortality. Indicators of maternal behaviour in sows include responsiveness to piglet 

distress calls, sow-piglet interaction, care taken during posture changes and nursing 

behaviour. Interestingly, maternal behaviour also appears to be influenced by housing, with 

sows in pens displaying improved piglet directed behaviours (Nowicki and Schwarz 2010) and 

increased social contact with piglets compared to crates (Ringgenberg et al. 2012). Similarly, 

Jarvis et al. (2004) found that gilts housed in pens spent more time nosing piglets and more 

time performing total piglet directed behaviour compared to gilts housed in crate. The 

understanding behind this observation remains unclear. It is possible that the confined 

environment of the farrowing crate may induce a stress response and interrupt the normal 

hormonal pattern of the sow around parturition. Oxytocin is one hormone that has been 

identified to be influenced by housing. Sows housed in crates had lower levels of oxytocin 

during parturition compared to sows housed in pens (Oliviero et al. 2008). As oxytocin has 

been demonstrated to influence maternal behaviour (Jarvis et al. 2004), this may explain the 

difference in maternal care between sows housed in the different environments.  

 

1.2.3      Stress  
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A number of studies have investigated the effect of farrowing and lactation housing on 

indicators of stress in sows, with the majority of these studies focusing on pre-parturient 

stress (Lawrence et al. 1994; Jarvis et al. 2002;Oliviero et al. 2008). It was suggested that the 

restrictive environment of a farrowing crate prevents highly motivated nest building 

behaviours, leading to an acute stress in the sow prior to farrowing (Lawrence et al. 1994). 

Sows in farrowing crates had elevated cortisol levels during the 24 hours prior to farrowing 

compared to those in pens (Lawrence et al. 1994; Jarvis et al. 2002). In contrast,  Oliviero et 

al. (2008) and Jarvis et al. (2004) found no difference in cortisol level over the pre-parturient 

period between crated and penned sows.  

Pervious history with confinement may also interact with how sows react to lactation housing. 

It is thought that sows which spend their gestation in a restrictive environment are used to, 

and more able to, adapt to a restrictive farrowing environment and are therefore not 

additionally stressed compared to sows who go from a confinement-free gestation 

environment to a restrictive farrowing crate (Boyle et al. 2000; Cronin et al. 1996). This could 

become more relevant with new legislation requiring sows to be loose-housed during 

gestation, but little knowledge as to how this may subsequently influence sow welfare in 

different farrowing environments (Boyle et al. 2002).  

Increased cortisol levels in crated sows may continue into parturition (Lawrence et al. 1994); 

however, it is difficult to determine the level of stress associated with environmental factors 

during parturition. This is because the process of parturition itself is stress-inducing, for 

example the pain and discomfort of the birth process, possibly influencing stress indicators 

such as cortisol (Lawrence et al. 1994; Jarvis et al. 2002). 
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The influence of housing on stress in later lactation has received less investigation compared 

to the pre-partum period. Cronin et al. (1991) found no difference in cortisol levels over the 

first three weeks of lactation between crated and penned sows. It was not until day 28 of 

lactation that an increase in cortisol was seen in crated sows (Cronin et al. 1991). With sow 

initiated piglet interactions and nursing opportunities decreasing into lactation in free range 

systems (Jensen 1986), it might be expected that limited respite from the piglets causes an 

increase in stress in the sow in the farrowing crate. The contrasting findings around farrowing 

and the lack of published information during later lactation suggest further research into the 

environmental effects on stress in the sow are warranted. 

 

1.3 Piglet survival and performance and the effect of housing 
 

1.3.1 Stillbirth 
 

Increased farrowing duration and birth intervals cause an increase in the incidence of piglets 

which die during parturition (stillbirths) (van Dijk et al. 2005;Oliviero et al. 2010). As the birth 

interval increases the piglets are at a greater risk of asphyxiation, which can result in stillbirth 

as well as a reduction in piglet viability ( Oliviero et al. 2008). In sows, oxytocin regulates the 

uterine contractions vital for fetal expulsion and is negatively correlated with farrowing 

duration (Castrén et al. 1993). Sows housed in farrowing crates were found to have lower 

oxytocin concentrations during farrowing compared to sows in pens ( Oliviero et al. 2008). A 

number of studies have found an increase in farrowing duration and stillbirths in sows housed 

in farrowing crates compared to pens (Gu et al. 2011; Nowland et al. 2019; Oliviero et al. 

2010; Condous et al. 2016). It is thought that lower oxytocin concentrations in confined sows 
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are due to an increase in the release of opioids, which inhibit oxytocin secretion. Opioids are 

released in response to stress and pain and therefore it is suggested that confinement acts as 

a stressor during parturition, increasing opioid release, and causing lower oxytocin levels in 

confined sows (Lawrence et al. 1997). Lawrence et al. (1992) found that a stressor during 

parturition (the sows environment was disturbed by moving them from a pen to a farrowing 

crate after the birth of the first piglet) caused a decrease in oxytocin and that this effect was 

partially reversible by an opioid antagonist. In contrast, other studies (Lawrence et al. 1995; 

Fraser et al. 1997) demonstrated no difference on farrowing duration, oxytocin or stillbirths 

between confined and non-confined sows during parturition, suggesting that confinement 

does not influence farrowing duration or stillbirth incidence. While the evidence is still 

contradictory, if farrowing durations are shorter in confinement free housing systems this 

could not only have beneficial effects on piglet survival but on piglet viability as well. 

 

1.3.2 Live born piglet mortality 
 

Piglet mortality is a significant economical and welfare concern in pig production. The major 

cause of live born piglet mortality is the crushing of piglets by the sow, with the majority of 

crushing occurring during the first four days after farrowing (Marchant et al. 2000). The 

farrowing crate was designed and implemented to reduce piglet mortality due to crushing, 

therefore the push to return to confinement free farrowing systems is expected to cause a 

rise in piglet mortality. There is substantial literature on piglet mortality in conventional 

farrowing crates and confinement free farrowing systems (Cronin and Smith 1992a; 

Blackshaw et al. 1994; Cronin et al. 2000; Marchant et al. 2001; Weber et al. 2007). A number 

of studies have shown that piglet mortality is increased in loose housing systems compared 
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to crates (Cronin and Smith 1992a; Blackshaw et al. 1994; Marchant et al. 2000), and this 

increase in piglet mortality is one of the major concerns around the adoption of loose housing 

systems. But there was a large variation in the increase in piglet mortality in pens between 

the studies, with Cronin and Smith (1992a), Blackshaw et al. (1994) and Marchant et al. (2000) 

reporting an increase of 6, 18 and 12%, respectively. This may be explained by the different 

design of the confinement free housing systems and management practices between the 

studies. It might also suggest that the variability in piglet mortality between loose housed 

systems may also be influenced by characteristics of the sow and litter (Andersen et al. 2005; 

Weber et al. 2009; Pedersen et al. 2011a). Alternatively, Weber et al. (2007) looked at data 

from 830 farm across Switzerland and showed that piglet mortality between farms with 

farrowing crates did not differ to farms with loose housing systems. However, it was found 

that piglet mortality due to crushing by the sow was higher in farms with loose housing 

systems, while mortality due to other causes was higher in farms with farrowing crates.  

 

1.3.3 Piglet viability 
 

Immediately following birth, colostrum intake and thermoregulation are vital for the survival 

of the piglet, particularly during the first 24 hours (Alonso-Spilsbury et al. 2007). Early and 

sufficient colostrum intake provides the piglet with the passive immunity and energy supplies 

required for survival (Alonso-Spilsbury et al. 2007). The time from birth to the first suck for 

piglets has been identified as one of the factors crucial for survival (Baxter et al. 2008). 

Pedersen et al. (2011a) found that there was no difference in the latency to first suck between 

a farrowing crate and pen. The temperature of the environment the piglets are born into is 

also important to for piglet viability and survival. Immediately after birth, piglets lose body 
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heat until they can reach a heat source, which for smaller, less viable piglets can be fatal 

(Alonso-Spilsbury et al. 2007). Farrowing crates are able to provide a heat source near the 

birth site, such as a creep area, to reduce the risk of hypothermia as the farrowing position of 

the sow is known (Johnson and Marchant-Forde 2009). In confinement free systems the 

farrowing position of the sow will not necessarily be known and so an extra heat source for 

piglets may be a considerable distance away from where they are born (Johnson and 

Marchant-Forde 2009). This could increase the risk of piglets born into loose housing systems 

being exposed to a cold environment, losing much needed energy supplies, and potentially 

resulting in less viable piglets and a greater incidence of hypothermia induced mortalities. 

Blackshaw et al. (1994) observed that piglets in a farrowing crate spend more time resting 

under a heat lamp during days one to five of lactation compared to piglets in pens. However, 

Pedersen et al. (2011a) found no difference in rectal temperatures 2 hours after birth 

between piglets in pens and crates. It should be noted though that Pedersen et al. (2011a) 

provided straw bedding in the creep area of both pens and crates, which could have improved 

thermoregulation compared to housing systems that do not use bedding material. Malmkvist 

et al. (2006) also showed that using floor heating at the birth site reduced piglet mortality in 

pens. Therefore while piglets in pens might experience greater exposure to an inadequate 

thermal environment, other components of the environment irrespective of the type of 

housing system must be considered as it could also have consequences for piglet viability and 

survival.  

While the evidence suggests that housing has little effect on piglet viability, it might be 

expected that in loose housing systems piglet viability could become of greater concern as 

there is less protection from the sow and less viable piglets are, therefore, at a greater risk of 

being crushed compared to a farrowing crate.  
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1.3.4 Piglet crushing 
 

As already stated, crushing is the most common cause of pre-weaning piglet mortality 

(Marchant et al. 2000). The crushing of piglets occurs when the sow makes a posture change 

and the piglets are trapped and crushed under the hind quarters or the udder and rib cage of 

the sow (Fraser 1990). The piglets can also get crushed between the structures of the crate 

and the sow. The farrowing crate design itself helps to prevent crushing by reducing the 

postural changes considered to be more dangerous to piglets. These postural changes include 

lying down quickly, as this gives the piglets less time to escape (Damm et al. 2005) and rolling, 

for example when the sow rolls over from lying on the udder to lying on the side (Weary et 

al. 1998). The time taken to lie down has been found to be longer in crates than in pens (Harris 

and Gonyou 1998), which is a success of crate design. Crushing’s due to rolling behaviours are 

much less frequent in crates compared to pens (Weary et al. 1996). However the prevention 

of rolling behaviours might not be beneficial or possible as they are associated with the 

nursing behaviours of the sow (Damm et al. 2005). For example, the sow rolls on the udder 

or side to initiate and terminate nursing’s and this is part of the natural gradual weaning 

process (Jensen et al. 1991). In a confinement-free housing system, the level of crushing is 

largely dependent on the maternal abilities and responsiveness of the sow towards the 

piglets. When looking at maternal characteristics of sows in pens who crush and do not crush 

their piglets, it was found that sows who don’t crush showed a more protective mothering 

style which included more pre-farrowing nesting behaviour, responding to piglet distress calls 

sooner, an increase in nosing piglets when changing posture and increased restlessness when 

their piglets were removed (Andersen et al. 2005). Increases in rooting the floor prior to 
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changing from a standing to lying posture have also been reported in sows that crush fewer 

piglets (Valros et al. 2003). Therefore the evidence shows that while farrowing crates reduce 

crushing by preventing dangerous posture changes, improved breeding for sow maternal 

abilities may be able to help reduce piglet crushing in loose housing systems. 

  

1.3.5 Piglet growth 
 

Biensen et al. (1996) and Pedersen et al. (2011b) showed that piglet weaning weights were 

greater in farrowing pens compared to crates. It is thought that this is achieved through 

improved access to the sows udder in confinement-free lactation housing systems, resulting 

in less fragmented and calmer nursing periods (Pedersen et al. 2011b). This was observed in 

pens where there were less teat fights between piglets and calmer piglets during nursing’s 

(Pedersen et al. 2011b). Farrowing crates also contain bars which may partially prevent the 

piglets from gaining access to the udder (Pedersen et al. 2011b).  

Longer bouts of nursing and milk let down have been observed in pens compared to farrowing 

crates (Cronin and Smith 1992b; Pedersen et al. 2011b), which may indicate higher milk intake 

and consequently growth in these piglets. This is supported by Valros et al. (2002), who found 

that an increase in successful nursings in individual farrowing pens lead to an increase in piglet 

weight gain. While, Cronin and Smith (1992a) found that nursing bouts were longer in pens 

compared to crates, this did not lead to an increase in piglet weight at weaning. In this study 

the piglets in pens spent significantly more time away from the heated creep area, leading 

the author to suggest that the increased milk intake in pens may have been used to maintain 

body temperature rather than for growth (Cronin and Smith 1992b ). This is further supported 

by Cronin and Smith (1992a) who also found no difference in weight at weaning or weight 
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gain over lactation between piglets in farrowing crates and piglets in pens with straw. This 

suggests that piglets in confinement-free lactation housing have the potential to grow faster 

during lactation but environmental factors may limit this. 

1.4 Swing-side pen as an alternative housing system 
 

As mentioned earlier it is well understood in the literature that the majority of pre-weaning 

piglet mortality occurs within the first few days after birth (Marchant et al. 2000). Logically, 

low piglet mortality rates may then be achieved in loose housing systems by confining the 

sow during this critical period. The swing-side pen is a housing system which may be able to 

address this problem, as the swing-side can act as a crate through the use of bars that restrict 

sow movement, and these bars can be ‘swung’ open converting the crate into a pen design. 

In a recent study, a swing-side pen was used to provide insight into the optimal time to confine 

the sow to reduce pre-weaning piglet mortality (Moustsen et al. 2013). When comparing 

confinement periods of day 0-4 and day 0-7 of lactation, it was found that confinement up to 

day four of lactation was sufficient to reduce piglet mortality (Moustsen et al. 2013). 

Furthermore when compared to sows that were loose housed throughout the entire period, 

confinement over the four days was shown to significantly reduce piglet mortality (Moustsen 

et al. 2013). It was also shown that piglet mortality from day three onwards was not 

significantly different between treatment groups, suggesting that confinement of the sow 

might only be needed until day three post farrowing (Moustsen et al. 2013). This is supported 

by Goumon et al. (2018) that found piglet mortality throughout lactation did not differ 

between sows that were confined until day three post farrowing compared to sows that were 

confined until weaning. Similarly, Hales et al. (2015) found that when sows were confined for 
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the first four days after farrowing total live born piglet mortality was reduced compared to 

sows that were loose housed the entire time.  

Piglet mortality over the first 24h for one of the treatments loose housed during farrowing 

was not found to be significantly different from the confinement treatment (Moustsen et al. 

2013). This shows potential for confinement free housing during farrowing. However in this 

study all piglet deaths prior to the end of farrowing were recorded as stillbirths, as no post-

mortem examinations were performed, and therefore these data do not give an accurate 

insight into the causes of piglet mortality when the sow is loose housed during farrowing 

(Moustsen et al. 2013). Particularly as crushing is a cause of mortality during farrowing in 

farrowing crates and this is expected to increase during farrowing when the sow is loose 

housed.   

While piglet survival has been the focus when looking at the swing-side pen, there is growing 

interest into how this pen can influence sow and piglet behaviour and welfare. Recently, 

Chidgey et al. (2016), demonstrated that sows that were confinement until day four post 

farrowing interacted with their piglets more compared to sows that were housed in farrowing 

crates for the entire period.  

Therefore, these studies have shown the potential for a swing-side pen to be used as an 

alternative system to the conventional farrowing crate, but further investigation is required 

to support these findings and  determine whether this housing system is commercially viable 

in Australian pig production systems 
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1.5 Conclusion 
 

It is well defined within the literature that while farrowing crates improve piglet survival they 

can have a negative impact on sow welfare. It can be expected that there will be a move 

towards confinement-free farrowing and lactation housing systems in order to address this 

welfare concern. However some confinement-free housing systems have been shown to have 

higher piglet mortality rates, which in itself is a welfare concern, and there is great 

inconsistency between the results. Therefore further research is needed to determine if a 

confinement-free housing system can act as a commercially viable alternative to the 

farrowing crate.  
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2.1       Abstract 
 

The aim of this study was to investigate the effect of sow confinement and non-

confinement during parturition and early lactation on the performance of sows and 

piglets prior to weaning. Sows and their litters were housed in either a conventional 

farrowing crate (control; 1.7 x 2.4m) or a swing-side pen (2.8 x 2.15m). Sows housed in 

the swing-side pen had the crate open (open) or closed (closed) during farrowing and 

opened on d 3 (LAC3) or 7 (LAC7) of lactation.  Data are means ± SEM. The number of 

total and live born piglets was not different between treatments, and averaged 13.1  

0.4 and 12.3  0.2 piglets/litter respectively. Sows housed in a farrowing crate had a 

greater (P = 0.03) number of stillborn piglets compared with open sows from pens (1.1 

 0.2 vs 0.6  0.1 piglets/litter respectively). Live born piglet mortality before litter 

equalisation on d 1 was greater (P < 0.01) for open sows compared with closed and 

control sows (1.6  0.2 vs 0.9  0.2 vs 1.1  0.1 piglets/litter respectively), and was 

largely explained by an increase in the incidence of piglets overlain (P < 0.01) in the open 

compared to closed and control sows (1.3  0.1 vs 0.5  0.1 vs 0.8  0.1 piglets/litter, 

respectively). Overlay mortality between d 3 and 7 of lactation was greater (P = 0.03) in 

LAC3 sows compared to LAC7 and control sows (0.4  0.1 vs 0.2  0.1 vs 0.2  0.1 

piglets/litter, respectively). Treatment did not affect either the incidence or cause of 

piglet mortality after d 7 of lactation (P > 0.05). Total live born piglet mortality from birth 

until weaning for the control, closedLAC7, closedLAC3, openLAC7 and openLAC3 was 

1.86 ± 0.19, 1.95 ± 0.23, 2.10 ± 0.39, 2.45 ± 0.27 and 3.74 ± 0.48, piglets/litter 

respectively. Total live born piglet mortality from birth until weaning was greater in the 

openLAC3 and openLAC7 treatments compared to control (P < 0.01) and  openLAC3 was 
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also greater compared to the openLAC7, closedLAC3 and closedLAC7 (P < 0.01). The 

current data indicated that reducing sow confinement during parturition decreased still 

born number, but increased live born piglet mortality compared to a farrowing crate, 

and removing confinement on d 3 of lactation further increased total piglet mortality 

compared to removing sow confinement on d 7 of lactation in sows that farrowed open. 

Sows that were confined during farrowing and until d 3 or 7 of lactation in a swing-side 

pen had a similar piglet mortality compared to a farrowing crate. 
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2.2       Introduction 
 

The farrowing crate is a form of housing used for sows during farrowing and lactation 

for a number of reasons, with one of the main being its success at reducing piglet 

mortality (Barnett et al. 2001). However, there is increasing concern for the welfare 

implications that this type of housing places on the sow (Barnett et al. 2001; Wechsler 

and Weber 2007) and therefore loose housing systems that have the potential to 

improve sow welfare are being investigated as an alternative.  

While loose housing systems can achieve comparable piglet mortality rates compared 

to farrowing crates (Weber et al. 2007), they are commonly associated with an increase 

in live born piglet mortality of between 6 – 18% when compared with farrowing crates 

(Cronin and Smith 1992a; Blackshaw et al. 1994; Marchant et al. 2000; Hales et al. 2014), 

primarily due to an increase in the number of overlain piglets. As it is understood that 

the majority of pre-weaning piglet mortality occurs within the first few days post-

partum (Marchant et al. 2000), a short period of sow confinement during this time may 

act to protect piglets whilst still reducing the duration of sow confinement. Recently, 

Moustsen et al., (2013) demonstrated that confining sows from the end of farrowing 

until day four post-partum was sufficient to cause a reduction in live born piglet 

mortality in the first 10 days of lactation compared to a sow housed in an open pen.  

Improvements in piglet performance have been demonstrated in reduced confinement 

housing, with a reduction in the number of still born piglets ( Oliviero et al. 2010) and 

improved piglet growth over lactation (Chidgey et al. 2015). These improvements in 

piglet performance may help negate the loss of production from increased piglet 

mortality, but further investigation is required.  
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We hypothesised that reducing sow confinement during parturition and early lactation 

would increase piglet mortality and improve piglet growth prior to weaning.
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2.3       Materials and Methods 

 

This study was conducted at a 4500 sow herd piggery in South Eastern Australia with 

approval from the Animal ethics committee of The University of Adelaide (S-2012-233). 

2.3.1       Experimental design and housing 
 

This study compared the effect of confinement and non-confinement during parturition 

and confinement and non-confinement during the first 3 or 7 d of lactation on piglet 

performance. To achieve this, five treatment groups were created (Table 1) using a 

swing-side pen and a conventional farrowing crate (control).  All treatment groups were 

present within the same experimental room to remove possible environmental effects. 

This study was conducted over six farrowing replicates during autumn, winter and 

spring. For each replicate 10 farrowing crates and 20 swing-side pens were used. The 

ClosedLAC3 and OpenLAC3 treatments were only included in the last 4 farrowing 

replicates. The Control, ClosedLAC7 and OpenLAC7 treatments were included in all of 

the farrowing replicates.   

The conventional farrowing crate measured 1.7 x 2.4m, and consisted of a stall for the 

sow (approx. 1.85m2) and a covered creep area for the piglets. The creep area was 

situated at either the front or back of the side wall, with a heat lamp centred through 

the cover. The swing-side pen measured 2.8 x 2.15m (Combi-Flex Farrowing Pen, Vissing 

Agro, Denmark). The stall for the sow ranged from approx. 1.43 – 2.07m2 (farm staff 

confining the sow based on her size with large sows being allowed more space in the 

stall). The swing-side pen included a covered creep area positioned in the rear corner of 

the pen adjacent to the aisle, with a heat lamp centred through the creep cover. Rails 
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were placed on the side wall opposite the creep area, the front wall and the back wall 

of the pen to protect piglets from becoming trapped between the pen wall and the sow. 

Flooring of both the conventional farrowing crate and the swing-side pen consisted of 

fully slatted plastic tiles. Diagrams of both the conventional farrowing crate and the 

swing-side pen are shown in Figure 1. 

 

Table 1. Description of treatments sows were allocated to during the experimental 

period. 

 control 

(farrowing 

crate) 

closedLAC3 

(swing-side 

pen) 

closedLAC7 

(swing-side 

pen) 

openLAC3 

(swing-side 

pen) 

openLAC7 

(swing-side 

pen) 

Sows (n) 60 20 40 20 40 

Farrowing confined confined confined loose loose 

End of 

farrowing – d 2 

post-partum 

confined confined confined confined confined 

d 3 – 6 post-

partum 
confined loose confined loose confined 

d 7 post-

partum - 

weaning 

confined loose loose loose loose 
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b) 

a) 

Figure 1. Diagram of the conventional farrowing crate (a) and the swing-side pen 

(b). Diagrams are not drawn to scale. 

 



26 
 

2.3.2       Animals and management 
 

One hundred and eighty multiparous Large White x Landrace sows and their litters were 

used in this study. Sows were group housed during gestation. Sows had no previous 

experience with reduced confinement systems during farrowing and lactation prior to 

the experiment. Sows were moved into the farrowing accommodation 5.1  0.1 d prior 

to the expected parturition date and were randomly allocated to one of the treatments 

outlined in Table 1. Once in the farrowing accommodation, sows were fed a lactation 

diet (13.2 MJ DE/kg) twice daily and had ad libitum access to water. Prior to farrowing, 

sows were fed 2.5 kg/day and then feed levels were gradually increased according to 

appetite. No nesting materials were supplied. Sows farrowed naturally and were 

monitored by staff from 0700 until 1500. Sows that farrowed with the swing-side pen 

open had the crate closed at the end of farrowing, which was determined by the 

expulsion of placenta. If the sow finished farrowing overnight, the crate was closed the 

next morning. Litters were equalised at approximately 24h after birth by cross-fostering 

piglets so that no sow had more piglets than functional teats. Cross-fostering of piglets 

considered viable on their own was performed between treatments. Weak piglets that 

were considered non-viable on their own were removed from the experimental sows 

and placed onto a nurse sow. Daily routine management practices were carried out by 

piggery staff. Weaning occurred on d 26.4 ± 0.1. 

 

2.3.3       Sow and piglet measurements 
 

Sows were weighed when they entered the farrowing accommodation and on the day 

of weaning. Each litter of piglets was weighed once farrowing was complete, d 8 of 
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lactation and on the d prior to weaning. Piglet mortality and cause were recorded from 

farrowing until weaning. The cause of mortality was determined using the following 

definitions. Piglets with a white appearance and periople on hooves were determined 

as ‘stillborn’, those with visible signs of crushing were determined as ‘overlain’ and all 

other piglets that died were recorded as ‘other’. The swing-side pen was divided into 

four quadrants (Q1, Q2, Q3, Q4) as shown in Figure 1 and the quadrant each piglet was 

born in was recorded. The farrowing duration (birth of first until birth of the last piglet) 

and piglet-birth intervals were recorded for a subset of sows from each farrowing 

treatment (12 sows/farrowing treatment). 

 

2.3.4      Statistical methods 
 

All analyses were performed using SPSS, V 21 (IBM Corp., USA) and data expressed as 

means ± SEM. The sow was the experimental unit. Total litter size, number of piglets 

born alive, farrowing duration and inter-piglet birth interval were analysed using a 

general linear model, with replicate and farrowing treatment as fixed effects and sow 

parity as a covariate. Total litter size was included as a covariate for farrowing duration 

and birth interval. Sow and piglet weights were analysed using a general linear model 

with replicate, farrowing treatment, lactation treatment, the interaction between 

farrowing and lactation treatment as fixed effects and sow parity and total litter size as 

covariates. Sow and piglet weights after litter equalisation included equalised litter size 

as a covariate. 

Number of stillborn piglets and live born mortality were analysed using a generalised 

linear model with a poisson distribution because data were not normally distributed. 
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The model included replicate, farrowing treatment, and lactation treatment as fixed 

effects and sow parity and total litter size as covariates. The interaction between 

farrowing treatment and lactation treatment was included as a fixed effect for live born 

mortality. Live born mortality after litter equalisation included total litter size and 

equalised litter size as a covariate. A chi square test was used to analyse the proportion 

of sows that overlayed piglets and the proportion of piglets born in the different areas 

of the pen. 

Fixed effects and covariates were removed from the models when the P-value exceeded 

0.05. Statistical significance between groups was determined using least significant 

difference test. All results were considered significant at P < 0.05.
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2.4      Results 
 

Data from 7, 4, 4, 5 and 0 sows and litters were removed from Control, ClosedLAC7, 

ClosedLAC3, OpenLAC7 and OpenLAC3 treatments respectively and consequently only 

data from 53, 36, 16, 35 and 20 sows are presented for the Control, ClosedLAC7, 

ClosedLAC3, OpenLAC7 and OpenLAC3 treatments respectively. Sow parity and 

lactation length were similar for all treatments, with overall mean parity of 3.5  0.1 and 

lactation length of 26.5  0.1 d. 

 

2.4.1      Farrowing 
 

Total litter size and number of live born piglets did not differ between treatments with 

an overall average of 13.1  0.2 and 12.3  0.2 piglets respectively. The incidence of still 

born piglets was greater for control compared to open but not closed sows (1.1  0.2 vs 

0.6  0.1 vs 0.8  0.1 piglets respectively; P = 0.03; Table 2). Control sows had a longer 

farrowing duration compared to closed and open sows (271.8  35.4 vs 170.1  21.6 vs 

178.3  21.3 min respectively; P = 0.02) and a tendency to record longer piglet birth 

intervals (20.7  2.9 vs 14.3  1.8 and 13.7  1.8 min respectively; P = 0.06). More piglets 

were born in the Q3 area of the pen compared to the Q4 area in open sows (P = 0.05). 

The proportion of piglets born in the Q1, Q2, Q3 and Q4 area of the pen were 28.3, 22.4, 

32.8 and 17.1 % respectively for open sows. 
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Table 2. Number of piglets per litter for sows housed in a farrowing crate during farrowing and lactation (control) or in a swing-side pen with the crate 

closed (closed) or open (open) during farrowing and opened on d 3 (LAC3) or 7 (LAC7) of lactation. Data are means  SEM. 

      P-value 

Item Control ClosedLAC7 ClosedLAC3 OpenLAC7 OpenLAC3 Farrow1 Lactation2 

Number piglets/litter        

Total litter size 13.1  0.4 13.7  0.5 12.8  0.5 12.9  0.7 12.7  0.6 0.69 0.96 

Born alive 11.9  0.4 12.9  0.5 12.2  0.4 12.5  0.5 12.1  0.6 0.59 0.21 

Stillborn 1.1  0.2 0.8  0.2 0.7  0.3 0.7  0.1 0.5  0.1 0.03 0.98 

Prior to equalisation 10.9  0.4 12.0  0.5 11.2  0.5 11.1  0.6 10.3  0.6 0.63 0.74 

After equalisation 11.0  0.2 11.4  0.3 11.0  0.3 11.4  0.3 11.3  0.2 0.64 0.68 

d 3 of lactation 10.6  0.2 10.8  0.3 10.4  0.3 10.5  0.3 10.5  0.3 0.65 0.91 

d 7 of lactation 10.4  0.2 10.6  0.3 10.1  0.4 10.1  0.4 10.0  0.3 0.11 0.56 

Weaning 9.9  0.2 10.3  0.3 9.9  0.3 9.8  0.3 9.5  0.3 0.13 0.31 

1 FARROW, housing treatment during parturition (control vs closed vs open). 

2 LACTATION, housing treatment during lactation (control vs LAC7 vs LAC3). 
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2.4.2      Live born piglet mortality before litter equalisation 
 

Total piglet mortality before equalisation was greater in open compared to closed and 

control sows (1.6  0.2 vs 0.9  0.2 and 1.1  0.1 piglets respectively; P = 0.003; Table 

3). Open sows had significantly more piglets die due to being overlain by the sow 

compared to closed and control sows (1.3  0.1 vs 0.5  0.1 and 0.8  0.1 piglets 

respectively; P = 0.004). Piglet mortality due to other causes was unaffected by 

treatment.  

 

2.4.3      Live born piglet mortality during lactation 
 

Total piglet mortality on d 1 to 2 of lactation was affected by farrowing treatment, with 

open sows having a higher total piglet mortality (P = 0.02) and more overlayed piglets 

(P = 0.05) compared to control sows (Table 3). Between d 3 and 7 of lactation, LAC3 

sows overlayed more piglets than LAC7 and control sows (0.4  0.1 vs 0.2  0.1 vs 0.2  

0.1 piglets respectively; P = 0.028; Table 3). There was no effect of lactation treatment 

on total piglet mortality and other causes of piglet mortality from d 3 to 7 of lactation. 

Overlay mortality from d 3 to 7 postpartum increased with increasing parity (r = 0.21, P 

= 0.01) and equalised litter size (r = 0.16, P = 0.04). From d 8 until weaning there was no 

difference between treatments for total piglet mortality, but for overlay mortality there 

was an effect of farrowing treatment, with closed sows overlaying more piglets than 

control, but not open sows (P = 0.04). From d 8 post-partum until weaning, overlay piglet 

mortality increased with increasing parity (r = 0.24, P < 0.01). The interaction between 

farrowing and lactation treatment did not impact on any piglet mortality measures 

during lactation.   
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Table 3. Live born piglet mortality for sows and their litters housed in a farrowing crate during farrowing and lactation (control) or in a swing-side pen 

with the crate closed (closed) or open (open) during farrowing and opened on d 3 (LAC3) or 7 (LAC7) of lactation. Data are means  SEM. 

      P-value 

Item Control ClosedLAC7 ClosedLAC3 OpenLAC7 OpenLAC3 FARROW1 LACTATION2 

Number piglets/litter        

Before litter equalisation        

overlain 0.8  0.1 0.5  0.1  0.6  0.2  1.2  0.2  1.3  0.2 < 0.01 0.84 

total 1.1  0.1  0.9  0.2  0.9  0.3  1.4  0.2 1.9  0.2  < 0.01 0.38 

d 1 to 2 of lactation        

overlain 0.2  0.1  0.3  0.1  0.4  0.2  0.5  0.2  0.5  0.2  0.05 0.77 

total 0.4  0.1  0.6  0.1  0.5  0.2  0.9  0.2  0.8  0.2  0.02 0.94 

d 3 to 7 of lactation        

overlain 0.2  0.1  0.2  0.1  0.4  0.1 0.3  0.1   0.4  0.1  0.58 0.03 

total 0.2  0.1  0.3  0.1 0.4  0.1  0.4  0.1  0.5  0.1  0.28 0.12 

d 8 of lactation to wean        

overlain 0.0  0.0  0.3  0.1  0.3  0.1  0.2  0.1  0.0  0.0  0.04 0.66 

total 0.2  0.1  0.4  0.1  0.3  0.1  0.4  0.1  0.4  0.2  0.32 0.93 

1 FARROW, housing treatment during parturition (control vs closed vs open). 

2 LACTATION, housing treatment during lactation (control vs LAC7 vs LAC3). 
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2.4.4      Total piglet mortality 
 

Overall, from farrowing until weaning the total number of live born piglets that died was 

greater in the openLAC3 and openLAC7 treatments compared to control. The openLAC3 

was also greater compared to the openLAC7, closedLAC3 and closedLAC7 (P < 0.01; 

Table 4). The openLAC3 and openLAC7 treatments overlayed more piglets compared to 

the control and closedLAC7 treatment (P < 0.01). The total number of piglets that died 

(stillborn plus live born mortality) from birth until weaning was greater in the openLAC3 

treatment compared to the control, closedLAC3, closedLAC7 and openLAC7 treatments 

(P = 0.02). 
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Table 4. Piglet mortality from birth until weaning for sows and their litters housed in a farrowing crate during farrowing and lactation 

(control) or in a swing-side pen with the crate closed (closed) or open (open) during farrowing and opened on d 3 (LAC3) or 7 (LAC7) of 

lactation. Data are means  SEM. Different superscripts differ significantly (P < 0.05). 

Item Control ClosedLAC7 ClosedLAC3 OpenLAC7 OpenLAC3 P-value 

Number piglets/litter 

Overlay mortality 1.19 ± 0.15a 1.10 ± 0.17a 1.68 ± 0.35ab 1.85 ± 0.23b 2.37 ± 0.38b < 0.01 

Live born mortality 1.86 ± 0.19a 1.95 ± 0.23ab 2.10 ± 0.39ab 2.45 ± 0.27b 3.74 ± 0.48c < 0.01 

Total mortality 

(stillborn and live born 

mortality) 

2.93 ± 0.24a 2.64 ± 0.27a 2.69 ± 0.44a 3.10 ± 0.3a 4.33 ± 0.51b 0.02 
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2.4.5      Proportion of sows that overlayed piglets 
 

More open sows overlayed at least one piglet (P = 0.0002) and two or more piglets (P = 

0.001) before litter equalisation compared to control and closed sows (Figure 4). There 

was no difference between farrow or lactation treatments for the proportion of sows 

overlaying piglets from d 1 until weaning, with a total average of 49.3% sows crushing 

at least one piglet.  
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Figure 3. The percent of sows that crushed at least one piglet (a) and two or more piglets (b) 

prior to litter equalisation. Sows were housed in either a standard farrowing crate (control), 

a closed swing-side pen (closed) or an open swing-side pen during farrowing and then closed 

at the end of farrowing (open). Data are means. Different superscripts differ significantly (P < 

0.05).  
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2.4.6      Sow and piglet weight 
 

Sow weight was not different between treatments prior to farrowing (mean 272.4  

3.2 kg; P > 0.05) or at weaning (mean 252.7  2.75 kg; P > 0.05). Sow weight change 

from prior to farrowing until weaning was not different between treatments (P > 0.05) 

with all sows losing an average of 23.5  1.6 kg during lactation. There was no 

difference in average piglet weights at day 8 post-partum (P > 0.05) and at weaning (P 

> 0.05) with overall means of 2.5 ± 0.03 and 7.6  0.1 kg respectively. There was no 

difference in piglet weight gain from birth until weaning between treatments (P > 

0.05) with an overall weight gain of 6.2  0.1 kg. 
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2.5      Discussion 
 

The data from this study demonstrated that while allowing sows to farrow unconfined 

decreased the number of stillborn piglets, this resulted in an increase in live born piglet 

mortality during the first 24 hours post-partum and total live born piglet mortality from 

birth until weaning. Additionally, when sow confinement was removed during 

farrowing, removing confinement on d 3 of lactation further increased total piglet 

mortality compared to removing sow confinement on d 7 of lactation. However, 

confinement during farrowing and until d 3 or 7 of lactation in a swing-side pen achieved 

similar total piglet mortality results to farrowing crates.  

 

The current finding that crated sows had higher inter-piglet birth intervals and gave birth 

to more stillborn piglets compared to sows in open pens is supported by previous 

research ( Oliviero et al. 2010; Gu et al. 2011). One hypothesis to explain this 

phenomenon is commonly referred to as the ‘confinement- stillbirth’ hypothesis, which 

states that confinement during parturition acts as a stressor, thus increasing opioid and 

inhibiting oxytocin release (Lawrence et al. 1997). Lower oxytocin concentrations can 

increase farrowing durations ( Oliviero et al. 2008), putting piglets at a greater risk of 

being still born ( Oliviero et al. 2010). Alternatively, Moustsen et al. (2013) did not find 

a reduction in stillborn number when sow confinement was reduced prior to and during 

farrowing compared to sows that were confined. However, as the sows in the current 

study were group housed during gestation, the sows in farrowing crates in may have 

had larger stress responses that influenced stillborn number, compared to Moustsen et 

al. (2013) where sows were housed in individual stalls during gestation. Negative effects 

on sow behaviour, including; more time engaged in behaviour directed towards the bars 
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of the crate and more posture changes performed, have been demonstrated in sows 

that move from a reduced confinement gestation system to a restrictive farrowing 

environment compared to sows that move for a restrictive gestation environment to a 

restrictive farrowing environment (Boyle et al. 2002). This may indicate that gestation 

housing can influence the stress responses to confinement at farrowing and 

consequently stillborn number. Cronin et al. (1996) demonstrated that sows that were 

group housed during gestation and then confined during farrowing had a greater 

number of stillborn piglets compared to sows that were individually housed in stalls 

during gestation and confined during farrowing. Therefore, reduced confinement 

farrowing systems that allow the expression of natural behaviors prior to, and during, 

farrowing may reduce the stress response in the sow and help reduce stillbirth rates, 

but further research is warranted to determine the effect that gestation housing has on 

this finding.  However, as the OpenLAC3 treatment had a greater total piglet mortality 

(stillborn plus total live born mortality) compared to the farrowing crate, the reduction 

in stillborn mortality in sows that farrow open may not be enough to negate increased 

live born piglet deaths to make these systems commercially viable. 

 

The results clearly demonstrated that removing sow confinement during the farrowing 

period had the greatest increase in piglet mortality. This finding is consistent with 

previous evidence that piglets are most likely to die during the first day of post-natal life 

(Weary et al. 1996; Marchant et al. 2000). Removing sow confinement during farrowing 

increased piglet mortalities, mostly due to an increase in overlain piglets. The increased 

incidences of piglet overlying by sows in loose housing systems has been attributed to 

the performance of more frequent and more dangerous posture changes by sows 
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(Damm et al. 2005). However, during the farrowing period the sow remains primarily 

recumbent to promote piglet survival (Petersen et al. 1990), with activity gradually 

increasing during the 24 hours following farrowing. This increase in activity post-

farrowing is greater in sows housed in pens compared to farrowing crates (Thodberg et 

al. 2002b). Hence, it may be likely that dangerous sow behavior in pens occurs in the 

post-partum period. In the current study, approximately 60% of the open sows farrowed 

outside the working hours of staff presence and were not confined at the end of 

farrowing but rather the next morning. Hence, it is possible that sow activity post-

partum contributed to piglet mortality and if all sows were confined immediately at the 

end of parturition live born piglet mortality may have been reduced.  

 

Another possible explanation for the increase in live born mortality in the sows open 

during farrowing is that the increased space of the open pen allowed the sow to give 

birth to piglets away from the creep area, making it more difficult for the piglet to seek 

the heat source of the creep area. These piglets would have likely spent more time in a 

cooler environment, particularly as the majority of the experiment was conducted over 

winter, putting them at greater risk of hypothermia. Alternatively, increased distance 

from the creep may make it more likely that the piglet will use the sow as a source of 

heat. Both of these situations may put the piglet at a greater risk of being overlain. This 

is likely in the current study as only 22% of piglets were born next to the creep area. The 

low proportion of piglets being born next to the creep is possibly because the pens used 

in the current study were not designed around sow farrowing behavior. Baxter et al. 

(2015) demonstrated that when farrowing pens are designed to facilitate desirable sow 

farrowing behavior (piglets born next to creep), approximately 97% of piglets are born 
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within the nest area and approximately 60% next to the creep area. However, it is not 

known what effect piglet birth location has on the chances of survival and further 

research is warranted in determining this.  

 

When the sow pen was open during farrowing, reducing confinement on d 3 of lactation 

further increased total live born piglet mortality from birth until weaning compared to 

reducing it on day 7 of lactation. Alternatively, Moustsen et al. (2013) found that even 

when sow confinement in a swing-side pen was removed during farrowing, reducing 

sow confinement on d 4 of lactation resulted in a similar piglet mortality from birth until 

d 10 of lactation compared to reducing confinement on d 7 of lactation and confining 

the sow for the entire period. The increase in pig mortality in the current study may be 

because the sow was only confined until d 3 of lactation compared to d 4, as we found 

an increase in the incidence of piglets being crushed when confinement was reduced on 

d 3 compared to d 7 of lactation in the d 3 to d 7 of lactation period. However, as the 

current study did not provide any nesting material compared to Moustsen et al. (2013) 

that provided a handful of straw twice daily until farrowing, it is possible that this may 

have affected sow behavior during farrowing and early lactation. This is supported by 

Herskin et al. (1998) that found when sows were housed in a farrowing pen with a straw 

feeder, they performed less postural changes on the day of farrowing, compared to 

sows housed in a farrowing pen without a straw feeder. Additionally, when provided 

with a straw feeder a greater proportion of sows responded to piglet distress calls by 

standing up on d 1-3 post-partum and a lower proportion of sows crushed piglets by 

rolling on d 3 of lactation (Herskin et al. 1998). If there were differences in sow maternal 

behavior due to the provision of straw, this could have had effects on piglet survival, as 
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improvements in maternal behavior have been demonstrated to be beneficial for piglet 

survival (Valros et al. 2003;Andersen et al. 2005). Also, it is important to note that the 

differences in pen design (floor space and layout) between the current study and 

Moustsen et al. (2013) could have attributed to differences in piglet mortality. 

 

Interestingly, in the current study, when the sow was confined in the swing-side pen 

during farrowing, there was no effect of reducing confinement on d 3 or 7 of lactation 

on total live born piglet mortality from birth until weaning. Consequently, both the 

ClosedLA3 and ClosedLAC7 treatments performed similarly to the farrowing crate in 

terms of total overlay mortality and total piglet mortality. While, Chidgey et al. (2015) 

used pens of similar design to the current study, it was found that when sows were 

confined during farrowing and until d 4 of lactation in a swing-side pen there was an in 

an increase in piglet mortality from birth until weaning compared to a farrowing crate. 

However, Chidgey et al. (2015) found that piglet mortality in the swing-side pen was 

only 10.23%, which was lower than the piglet mortality in all of the treatments in the 

current study, and reported that it was below the industry average. Therefore, confining 

the sow during farrowing and until at least day 3 of lactation in a swing-side pen may be 

a commercially viable alternative to the conventional farrowing crate, in terms of piglet 

survival.   

 

In contrast to the present study, previous studies have reported improvements in piglet 

weight gain in loose housing systems compared to farrowing crates (Biensen et al. 1996; 

Pedersen et al. 2011b; Melišová et al. 2014). This is thought to be due to increased sow 

feed intake (Malmkvist et al. 2012) and duration of nursing events (Pedersen et al. 
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2011b). Improvements in feed intake in loose housed sows have been attributed to the 

sow being able to overcome an initial reduction in feed intake in warmer temperatures 

due to improved thermal comfort (Malmkvist et al 2012). It is, therefore, possible that 

improvements in piglet weight gain in loose housing systems may be more evident 

during summer months compared to the winter months in which this study was 

conducted. Based on the current and previous data, it is suggested that reduced sow 

confinement housing systems may have the potential to improve piglet growth, but that 

improvements in growth may be influenced by seasonal temperatures and this should 

be investigated.  

 

2.6      Conclusion 
 

The use of strategic confinement may be an option to improve the performance of 

alternative farrowing pens. Our results showed that removing confinement during 

farrowing reduced stillborn rates, but it increased live born piglet mortality. While, 

removing confinement on d 3 of lactation further increased total piglet mortality 

compared to removing sow confinement on d 7 of lactation in sows that farrowed open, 

this effect was not seen in sows that were confined during farrowing. Consequently, 

sows that were confined during farrowing and until d 3 or 7 of lactation had a similar 

piglet mortality compared to a farrowing crate. These findings imply that live born piglet 

survival in a swing-side pen may be optimised when sows are confined during farrowing 

and early lactation. 
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CHAPTER THREE  

 

Effect of reducing sow confinement during farrowing and lactation on sow and piglet 

behaviour and welfare 
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3.1      Abstract 
 

The aim of this study was to investigate the effect of different periods of confinement 

during farrowing and/or lactation on sow and piglet behaviour and welfare. One 

hundred and eighty sows and their litter were housed in 1) standard farrowing crate 

(control), (2) swing-side pen with the pen closed during farrowing and opened on day 7 

of lactation (CLOSED7), (3) swing-side pen with the pen closed during farrowing and 

opened on day 3 of lactation (CLOSED3), (4) swing-side pen with the pen open during 

farrowing and re-opened on day 7 of lactation (OPEN7), or (5) swing-side pen with the 

pen open during farrowing and re-opened on day 3 of lactation (OPEN3). Sow behaviour 

was recorded from 5h before the birth of the first piglet until farrowing was complete. 

On day 8 of lactation and on the day before weaning, sow and piglet behaviour was 

recorded for 5h and sow plasma cortisol concentration was measured. There was no 

difference in pre-partum behaviour between sows housed in open swing-side pens and 

farrowing crates, but sows housed in closed swing-side pens performed more 

stereotypic behaviour (P = 0.02). Sows housed in open swing-side pens prior to and 

during farrowing exhibited more sow-piglet interactions during farrowing compared to 

sows housed in farrowing crates (P < 0.01). On day 8 of lactation, all swing-side pen 

treatments performed fewer stereotypic behaviours compared to sows housed in 

farrowing crates (P = 0.02). There was a trend for CLOSED7 sows to perform more 

nursing events per hour at weaning compared to control and OPEN3 sows (P = 0.07). 

There was no difference in sow cortisol concentration between the treatments on day 

8 or weaning (P > 0.05). More piglets were observed in the creep on the day before 

weaning in the OPEN7, CLOSED7 and CLOSED3 treatments compared to the farrowing 

crate (P = 0.05). This data suggests that reducing confinement in a swing-side pen did 



46 
 

not influence sow behaviour pre-partum compared to a farrowing crate, but confining 

the sow in a swing-side pen during this period appeared to cause increased frustration, 

which could have implications for sow welfare. Reducing confinement had minimal 

effects on sow welfare during lactation but did increase piglet use of the creep area.  
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3.2      Introduction 
 

Sow confinement during the pre-partum and farrowing period can prevent or restrict a 

number of sow behaviours, in particular nesting behaviour (Thodberg et al. 2002a; 

Damm et al. 2003). Confinement of sows during this period can, therefore, lead to an 

increase in stereotypic behaviours (Damm et al. 2003) and heightened stress responses 

(Lawrence et al. 1994; Jarvis et al. 2002) compared to loose housing systems. 

Confinement can also have a negative influence on maternal behaviour, with sows 

housed in farrowing crates interacting less frequently with their piglets (Cronin et al. 

1996; Ringgenberg et al. 2012) and displaying reduced responsiveness to piglet distress 

calls (Nowicki and Schwarz 2010). Furthermore, confinement during lactation may have 

negative implications on sow welfare, as gilts housed in farrowing crates during lactation 

were found to have increased cortisol concentrations at weaning compared to gilts 

housed in farrowing pens (Coronin et al. 1991). 

While loose housing systems have the potential to improve sow and piglet welfare, they 

can come at a cost to piglet survival (Cronin and Smith 1992a; Marchant et al. 2000). 

Housing systems which incorporate a period of temporary sow confinement during 

farrowing and/or early lactation, and reduce confinement thereafter, represent an 

alternative to complete confinement systems as they can achieve similar piglet survival 

rates (Moustsen et al. 2013). However, there is little understanding as to how temporary 

confinement periods affect sow and piglet behaviour and welfare.  

It was hypothesised that a) reducing confinement prior to and during farrowing would 

increase nesting behaviour and sow-piglet interactions and decrease stereotypic 

behaviours in the sow, and b) reducing sow confinement during farrowing and/or 
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lactation would improve measures of sow and piglet welfare and sow nursing behaviour 

in lactation compared to sows housed in farrowing crates.  
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3.3      Materials and Methods 
 

This study was conducted at a 4500 sow herd piggery in South Eastern Australia with 

approval from the Animal ethics committee of The University of Adelaide. 

3.3.1 Experimental design and housing 
 

This experiment was part of a larger study investigating the effect of a swing-side pen 

(SS pen) compared to a standard farrowing crate on sow and piglet welfare, behaviour 

and performance. The sow farrowing performance and piglet mortality and growth data 

have been previously reported in Chapter 2. The present study compared the effect of 

confinement and non-confinement during parturition and confinement and non-

confinement during the first 3 or 7 days of lactation on sow and piglet behaviour and 

welfare. Sows and their litters were allocated to one of the following treatment groups; 

(1) CONTROL: sow and litter were housed in a standard farrowing crate, (2) CLOSED7: 

sow and litter were housed in a swing-side pen with the pen closed until  day 7 of 

lactation, (3) CLOSED3: sow and litter were housed in a swing-side pen with the pen 

closed until day 3 of lactation, (4) OPEN7: sow and litter were housed in a swing-side 

pen with the pen open until the end of farrowing when it was closed before re-opening 

on day 7 of lactation, or (5) OPEN3: sow and litter were housed in a swing-side pen with 

the pen open until the end of farrowing when it was closed before re-opening  on day 3 

of lactation. One hundred and eighty Large White x Landrace sows and their litters were 

used in this study. Housing conditions and animal management have been described in 

further detail in Chapter 2. 
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3.3.4      Sow and piglet behaviour 
 

The pre-partum period was recorded for 5h prior to birth of the first piglet and the 

farrowing period was recorded from the birth of the first piglet until birth of the last 

piglet. On day 8 of lactation and the day prior to weaning the sow and litter was 

recorded for 5h from 0700 until 1200. Behaviours were analysed using Observer V 11.5 

(Noldus, The Netherlands). A list and description of the behaviours recorded for sow 

and piglets is provided in Table 2. Sow behaviours were analysed using continuous 

sampling. Piglet behaviours were analysed as a proportion of piglets from the litter 

engaged in the behaviour and were analysed using instantaneous sampling every 2 min. 
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Table 2. Description of sow and piglet behaviours recorded.   

Behaviour Description measure 

Sow 

 

 

Sitting Rear end on the floor with two front feet 

on the floor.  

 

Percentage of time 

Standing Upright with all four feet on the floor.  

 

Percentage of time 

Lying Lying on udder or side with no feet on 

the floor.  

 

Percentage of time 

Posture change Change from one of the above 

described postures to another, 

including changes from lying on the 

udder to lying on the side and vice versa. 

No minimum time was required in a 

posture before another change.  

 

Number per hour 

Time taken to lay down Time from first observed lying down 

movement until in final lying position. 

First observed lying down movement 

was when the sow begins to lower a 

knee. Recorded from both a standing 

and sitting initial posture. 

 

Time (seconds) 

Nesting  Sow pawing or rooting pen floor. 

 

Percentage of time 

Stereotypy Sow bar biting or biting/chewing pen or 

crate components.  

 

Percentage of time 
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Sow-piglet interaction Contact between a sow and piglet. 

Either sow directed, in which the sows 

head moves to make nose contact with 

the piglet, or piglet directed, in which 

the piglet moves to make nose contact 

with the sow’s face.  

Number per hour 

Nursing event A nursing event where at least 75% of 

the litter observed at the udder actively 

suckling.  

 

Number per hour 

Nursing termination Nursing event terminated by either the 

sow, in which the sow moves, or by the 

piglets, in which the piglets become 

inactive at the udder.  

Number per hour 

Piglet   

Area Piglets determined as in the pen, creep 

or at the udder. 

Percentage of time 

Playing Piglet running, jumping or head shaking.  

 

Percentage of time 

Exploratory  Piglet interacting, by rooting, pawing, 

sniffing or chewing, with any 

component of the pen including feed in 

the trough. 

Percentage of time 
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3.3.5      Sow blood sample collection and analysis 
 

Blood samples were collected by jugular venepuncture on the day after entry into 

farrowing accommodation, on day 8 of lactation and on the day prior to weaning. All 

blood samples were taken between 1300 and 1400 within two minutes of restraint by 

snare. Sows had not previously been snared for blood sample collection. The order of 

blood sample collection was randomised across treatments. Blood samples were 

centrifuged at 3000 g for 20 min and the plasma was collected and stored at -18oC until 

analysis. The samples were sent to the School of Animal Biotechnology at the University 

of Western Australia for analysis of plasma cortisol using a radioimmunoassay kit, 

designed for measurement of cortisol in human plasma, serum or urine (Cortisol 

GammaCoat RIA kit CA-1549, Dia Sorin Inc., Stillwater MN, USA) (Beausoleil et al., 2008). 

Modification for use in porcine plasma was made by adding 75 μL of buffer to 100 μL of 

plasma. Limit of detection was 0.8 nmol/L and the mean intra and inter-assay 

coefficients of variation were 4.7% and 8.1% respectively. 

 

3.3.6      Statistical analysis 
 

All analyses were performed using SPSS, v21 (IBM Corp., USA) and data expressed as 

means ± SEM. Sow was the experimental unit. Sow and piglet behaviours and sow 

cortisol were analysed using a general linear model.  

Sow and piglet behaviours that were not normally distributed were either square root 

or logarithmic transformed prior to analyses. The model for sow pre-partum and 

farrowing behaviours included replicate and housing treatment as fixed effects and sow 

parity and total litter size as covariates. The model for sow behaviours during lactation 
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included replicate and housing treatment as fixed effects and sow parity and equalised 

litter size as covariates. The model for piglet behaviours included replicate and housing 

treatment as fixed effects and sow parity as a covariate.  

Sow cortisol concentration was square root transformed prior to analysis as it was not 

normally distributed. Sow cortisol concentration on day of load, day 8 post-partum and 

day prior to wean was analysed using a general linear model for repeated measures. 

The model included replicate and housing treatment as fixed effects and sow parity and 

litter size as covariates.  

Fixed effects and covariates were removed from the models when the P-value exceeded 

0.05. Significant fixed effects and covariates are reported in the results. Statistical 

significance between groups was determined using least significant difference test. All 

results were considered significant at P < 0.05.  
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3.4      Results 
 

3.4.1      Sow behaviour pre-partum and during farrowing 
 

The effect of housing on sow behaviour during the pre-partum and farrowing period is 

described in Table 2. During the pre-partum period, closed sows spent more time 

performing stereotypic behaviours compared to control and open sows (P = 0.02). 

During farrowing, closed sows spent more time sitting (P = 0.03) and took longer to lie 

down from a sitting position (P = 0.02) compared to open sows. Closed sows performed 

more posture changes during farrowing compared to open and control sows (P < 0.01). 

Open sows spent more time standing (P = 0.05) and had more sow-piglet interactions 

(P < 0.01) compared to control sows during farrowing. Open sows tended to perform 

less stereotypic behaviour than closed and control sows during farrowing (P = 0.06). 

There was no effect of parity on any behaviour measures during the pre-partum and 

farrowing period (P > 0.05).  
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Table 2. Behaviours of sows housed in a farrowing crate (control), in a closed swing-side pen (closed) and in an open swing-side pen (open) during the 

pre-partum (measured for 5 hours prior to the birth of the first piglet) and farrowing (measured from birth of the first piglet to birth of the last piglet) 

period. Data are means ± SEM. 

 Control (n = 12) Closed (n = 12) Open (n = 12) P-value F-Value 

Pre-partum      

Sitting1 (%)  3.3  0.4 (12.1) 3.9  0.4 (16.1) 2.7  0.3 (7.7) 0.09 F2,15 3.0 

Lying1 (%)  8.5  0.5 (72.7) 7.3  0.4 (53.9) 8.2  0.5 (69.1) 0.22 F2,15 = 1.9 

Standing1 (%) 3.3  0.8 (14.0) 5.2  0.3 (28.1) 4.4  0.7 (22.0) 0.25 F2,15 = 1.5 

Nesting1 (%) 1.7  0.4 (4.0) 2.2  0.2 (5.0) 1.8  0.4 (4.0) 0.67 F2,15 = 0.2 

Stereotypy1 (%)  2.7  0.4a (8.1) 0.3  4.0b (16.4) 2.4  0.4a (6.5) 0.02 F2,15 = 5.9 

Posture changes (n/hour) 11.3  1.9 20.4  5.3 16.0  1.7 0.12 F2,15 = 1.0 

Farrowing      

Sitting2 (%) 1.4  0.2ab (5.9) 1.8  0.0.2a (10.4) 1.0  0.2b (1.6) 0.03 F2,33 = 3.1  

Standing1 (%)  0.7  0.4a (1.8) 1.5  0.4ab (3.7) 2.1  0.4b (6.3) 0.05 F2,33 = 2.0  

Lying2 (%) 2.0  0.01 (92.2) 1.9  0.01 (85.8) 2.0  0.01 (92.4) 0.56 F2,33 = 3.9,  

Stereotypy2 (%)  0.7  0.2 (0.87) 0.8  0.1 (0.92) 0.2  0.2 (0.25) 0.06 F2,33 = 1.0 

Lying down from sitting1 (sec) 2.4  0.3ab (6.7) 3.2  0.4b (11.6) 1.9  0.3a (4.1) 0.02 F2,33 = 3.9  

Lying down from standing1 (sec) 2.9  0.7 (13.2) 3.6  0.3 (9.1) 2.3  0.1 (11.0) 0.66 F2,33 = 0.8  

Posture changes1 (n per hour) 2.1  0.3b (5.5) 3.8  0.4a (15.8) 2.7  0.3b (8.3) <0.01 F2,33 = 3.6 

Sow-piglet interactions (n per hour) 2.44  0.43a 4.68  0.61ab 6.87  1.04b <0.01 F2,33 = 10.2  
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1 Data were square root transformed. Raw data means presented in brackets. 
2 Data were logarithmic transformed. Raw data means presented in brackets. 
a,b Within a row, means with different superscripts differ significantly (P < 0.05). 
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3.4.2      Sow behaviour during lactation 
 

The effect of housing treatment on sow behaviours on day 8 and weaning are shown in 

Table 3. Closed7 and OPEN7 sows tended to display more sow-piglet interactions on day 

8 compared to control sows (P = 0.09). CLOSED7, CLOSED3, OPEN7 and OPEN3 sow 

spent less time performing stereotypic behaviour on day 8 compared to sows in 

farrowing crates (P = 0.02). The percent of time engaged in stereotypic behaviour 

increased with increasing litter size at equalisation (r(24) = 0.24, P = 0.02). CLOSED7 

sows tended to perform more nursing event per hour at weaning compared to control 

and OPEN3 sows (P = 0.07). Regardless of treatment, an increase in sow parity resulted 

in an increase in the time spent lying down (r(24) = 0.23, P = 0.03), and decreased the 

number of posture changes (r(24) = -0.50, P = 0.02).  
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Table 3. Sow behaviours on day eight of lactation (eight) or the day prior to weaning (wean) for sows and their litters housed in a farrowing crate during farrowing 

and lactation (control) or in a swing-side pen with the crate closed (CLOSED) or open (OPEN) during farrowing and opened on d 3 (3) or 7 (7) of lactation. Data are 

means  SEM. 

 Day 
Control 

(n = 6) 

CLOSED3 

(n = 4) 

CLOSED7 

(n = 6) 

OPEN3 

(n = 4) 

OPEN7 

(n = 6) 

P-value F-value 

Sit1 eight 2.17 ± 0.42 (5.7) 1.62  0.50 (3.4) 1.24  0.40 (2.5) 1.43  0.51 (2.7) 1.17  .39 (2.4) 0.21 F4,21 = 1.6  

 wean 1.92  0.37 (4.68) 1.01  0.45 (1.32) 1.91  0.37 (4.69) 1.16  0.45 (1.67) 1.40  0.37 (2.31) 0.38 F4,21 = 2.8 

Stand eight 15.64  2.21 16.31  2.68 15.56  2.14 17.17  2.54 19.55  2.08 0.66 F4,21 = 0.9  

 wean 25.94  4.33 20.84  5.23 29.23  4.19 25.82  4.89 20.13  4.08 0.55 F4,21 = 0.1  

Lay eight 77.9  2.2 80.3  2.7 81.6  2.1 79.4  2.7 77.6  2.1 0.67 F4,21 = 0.6  

 wean 68.1  4.9 77.8  5.9 65.7  4.7 71.7  5.6 77.1  4.6 0.36 F4,21 = 0.2  

Posture changes eight 4.8  1.2 4.2  1.4 4.9  1.1 5.5  1.5 5.3  1.1 0.97 F4,21 = 0.2 

 wean 4.8  1.0 7.7  1.2 6.5  1.0 7.4  1.2 7.4  1.0 0.32 F4,21 = 1.0  

Lay down from 

standing1 eight 3.4  0.3 (12.8) 3.7  0.4 (12.5) 3.3  0.3 (12.2) 3.2  0.4 (12.4) 3.4  0.3 (11.8) 0.96 F4,21 = 0.4 

 wean 3.9  0.3 (16.2) 3.5  0.4 (10.9) 4.0  0.3 (17.2) 3.3  0.4 (9.8) 3.6  0.3 (13.5) 0.51 F4,21 = 0.5  

Nursing events Eight 1.3 ± 0.1 1.2 ± 0.1 1.5 ± 0.1 1.2 ± 0.1 1.1 ± 0.1 0.13 F4,21 = 1.7  

 wean 1.1 ± 0.1a 1.3 ± 0.1ab 1.4 ± 0.1b 1.1 ± 0.1a 1.2 ± 0.1ab 0.07 F4,21 = 1.0 

Sow-piglet 

interactions 
Eight 5.4 ± 1.3a 6.2 ± 1.6ab 9.8 ± 1.3b 8.2 ± 1.6ab 10.1 ± 1.3b 0.09 F4,21 = 1.5 

 wean 6.1 ± 1.6 8.4 ± 1.9  9.1 ± 1.5 7.8 ± 1.9 9.5 ± 1.4 0.60 F4,21 = 2.7  

Stereotypies1 Eight 0.37 ± 0.06 (0.14)a 0.18 ± 0.07 (0.06)b 0.02 ± 0.06 (0.01)b 0.16 ± 0.06 (0.03)b 0.18 ± 0.06 (0.06)b 0.02 F4,21 = 1.5  

 wean 0.6 ± 0.2 (0.3) 0.1 ± 0.2 (0.1) 0.5 ± 0.2 (0.8) 0.2 ± 0.2 (0.1) 0.1 ± 0.2 (0.02) 0.21 F4,21 = 1.1  

1 Data were square root transformed. Raw data means presented in brackets.  
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a,b Within a row, means with different superscripts differ significantly. 
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3.4.3      Piglet behaviour during lactation 
 

The effect of housing treatment on piglet behaviours on day 8 of lactation and the day 

prior to weaning are shown in Table 4. On day 8 of lactation, a higher percentage of 

control and CLOSED3 piglets were observed at the udder compared to OPEN3 piglets (P 

= 0.05) and a lower percentage of control and CLOSED3 piglets were observed in the 

creep compared to OPEN3 piglets (P = 0.05). On the day prior to weaning, fewer control 

piglets were observed in the creep compared to CLOSED7, OPEN7 and OPEN3 piglets (P 

= 0.04). There was a trend for more control and OPEN7 piglets to be observed in the pen 

compared to OPEN3 piglets on the day prior to weaning (P = 0.06). There was a trend 

for fewer OPEN3 piglets to be engaged in exploratory behaviour on day 8 compared to 

control, CLOSED3 and OPEN7 piglets (P = 0.07).  

 



62 
 

Table 4. Percent of piglets in a litter observed in the pen, creep, at udder and engaged in play and exploratory behaviour for sows 

and their litters housed in a farrowing crate during farrowing and lactation (control) or in a swing-side pen with the crate closed 

(CLOSED) or open (OPEN) during farrowing and opened on d 3 (3) or 7 (7) of lactation. Data are means  SEM. 

 

 Day 
Control 

(n = 6) 

CLOSED3 

(n = 4) 

CLOSED7 

(n = 6) 

OPEN3 

(n = 4) 

OPEN7 

(n = 6) 

P-

value 
F-value 

Pen1 eight 1.1  0.1 (15.2) 1.0  0.2 (12.0) 0.9  0.1 (9.0) 0.8  0.1 (6.3) 1.0  .1 (13.5) 0.23 F4,21 = 2.8 

 wean 1.4  0.1 (31.4)a 1.2  0.1 (19.0)ab 1.2  0.04 (15.9)ab 1.0  0.1 (11.5)b 1.3  0.1 (20.1)a 0.06 F4,21 = 1.0 

Creep eight 52.9  4.0a 56.7  9.4a 66.5  2.9ab 79.3  3.4b 62.9  7.0ab 0.05 F4,21 = 2.9 

 wean 43.7  8.1a 54.8  5.9ab 66.0  6.1b 70.5  5.4b 63.6  3.3b 0.04 F4,21 = 3.0 

Udder eight 31.8  1.2a 31.3  5.2a 24.4  4.0ab 14.5  3.0b 23.6  4.8ab 0.05 F4,21 = 2.8 

 wean 24.9  3.8 26.1  4.7 17.9  5.1 18.0  5.4 22.2  4.2 0.11 F4,21 = 2.0 

Play2 eight 1.4  0.2 (2.4) 1.1  0.1 (1.1) 1.1  0.3 (1.5) 1.1  0.1 (1.3) 1.2  0.1 (1.5) 0.89 F4,21 = 4.9 

 wean 1.2  0.1 (1.6) 1.5  0.2 (2.3) 1.6  0.1 (2.7) 1.4  0.4 (2.3) 2.1  0.5 (5.4) 0.32 F4,21 = 3.0 

Explore2 eight 1.8  0.2 (3.4)a 1.6  0.1 (2.1)a 1.5  0.2 (2.5)ab 1.0  0.2 (1.2)b 1.6  0.1 (2.8)a 0.07 F4,21 = 1.2 

 wean 2.3  0.2 (5.6) 2.3  0.2 (5.4) 2.2  0.1 (5.2) 1.8  0.3 (3.4) 2.7  0.5 (8.5) 0.37 F4,21 = 3.1  

1 Data were logarithmic transformed. Raw data means presented in brackets. 
2 Data were square root transformed. Raw data means presented in brackets. 
a,b Within a row, means with different superscripts differ significantly (P < 0.05). 
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3.4.4      Sow Plasma Cortisol Concentration 
 

There was no difference between treatments on sow cortisol concentration on the day after 

entry to farrowing accommodation, day 8 or the day prior to weaning (P > 0.05; Table 5). The 

cortisol concentration on the day after entry to farrowing accommodation increased with 

increasing parity (r(151) = 0.23, P < 0.01). Overall, cortisol concentration on day 8 was lower 

than on the day after entry into farrowing crates (F1,292 = 7.7, P < 0.02) and the day of weaning 

(F1,296 = 2.1, P < 0.05).  
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Table 5. Plasma cortisol concentration (nmol/L) the d after loading into farrowing accommodation, d 8 of lactation and the d prior to weaning for sows housed in a 

farrowing crate during farrowing and lactation (control) or in a swing-side pen with the crate closed (CLOSED) or open (OPEN) during farrowing and opened on d 3 (3) or 7 

(7) of lactation. Data are means  SEM.  

 Control 

(n = 51) 

CLOSED7 

(n = 36) 

CLOSED3 

(n = 19) 

OPEN7 

(n = 36) 

OPEN3 

(n = 19) 

P-value F-value 

day after loading1 8.3  0.3 (72.5) 8.7  0.3 (79.0) 8.2  0.5 (70.8) 8.1  0.3 (66.4) 8.3  0.4 (72.0) 0.54 F4,156 = 0.3 

day 8 of lactation1 7.7  0.3 (63.2) 7.2  0.4 (56.0) 8.4  0.7 (76.2) 7.9  0.4 (66.7) 7.5  0.5 (62.1) 0.56 F4,156 = 0.5 

day prior to wean1 8.0  0.2 (67.5) 7.8  0.3 (64.3) 8.5  0.3 (73.2) 7.9  0.3 (65.9) 7.9  0.4 (64.9) 0.60 F4,156 = 0.5 

1 Data square root transformed. Raw data means presented in brackets. 
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3.5      Discussion 
 

Reducing sow confinement did not affect sow behaviour during the pre-partum period 

compared to a farrowing crate, but it did increase sow-piglet interactions during farrowing. 

Temporary sow confinement periods reduced the performance of stereotypic behaviour in 

the sow on day 8 of lactation and influenced where piglets were located in the housing system 

during lactation, but did not influence sow plasma cortisol concentration or piglet play and 

exploration behaviour. These data demonstrate that reducing confinement of the sow with 

the use of a swing-side pen has effects on measures of sow and piglet welfare during the pre-

partum, farrowing and lactation period compared to sows housed in a farrowing crate.  

The effect of housing on sow behaviour pre-partum has been widely investigated, with sows 

in pens performing more nesting behaviour (Thodberg et al. 2002b; Damm et al. 2003) and 

less stereotypic behaviour (Damm et al. 2003; Yun et al. 2015) than those in crates during the 

48 to 18 hours prior to farrowing. In contrast, the present study found no differences in 

nesting behaviour between sows housed in a farrowing crate and an open swing-side pen 

during the pre-partum period. This is likely because the current study missed the peak nesting 

period.  It was expected that an increase in stereotypic behaviour would be observed in the 

recorded pre-partum period as oral and nasal stereotypies have been reported to remain 

greater in sows housed in crates compared to pens until a few hours prior to farrowing (Damm 

et al. 2003). However, the short observation time of five hours pre-partum in the current 

study may not have been enough to see this difference. As no nesting materials were 

provided, this could have affected the behaviour of the open sows. Several studies have 

demonstrated the importance of nesting materials on the duration and amount of nesting 

behaviours in sows (Arey 1992; Arey et al. 1992; Thodberg et al. 1999), it is, therefore, likely 
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that even though confinement was reduced, the behavioural needs of the open sows were 

not met in this study.  

Unexpectedly, in the present study, sows housed in a closed swing-side pen spent more time 

engaged in stereotypic behaviours during the pre-partum period compared to the control and 

open sows. It is possible that when closed, the swing-sided crate allowed the sow more space 

than the conventional crate, as the conventional crate was a set width while the width of the 

closed swing-sided crate was adjustable. A wider farrowing crate has been associated with 

increased discomfort in the sow, compared to a narrow crate and pen, as demonstrated by 

increased posture changes and time taken to lie down in the pre-partum period (Harris and 

Gonyou 1998), both of which were observed in the current study in the closed sows during 

farrowing. Thus the closed swing-side pen could have caused increased 

discomfort/frustration of the sow that lead to an increase in stereotypic behaviour. Another 

explanation might be that sows in the closed swing-side pen were less adapted to this housing 

system. King et al. (2018a) demonstrated that live born piglet was reduced in the subsequent 

parity when the sow was housed in the same farrowing system for both a farrowing crate and 

pen, but not for a 360 pen (temporary confinement pen). Suggesting that sows in temporary 

confinement pens don’t adapt as well to their environment. In the current study the sows had 

no previous experience with a swing-side pen as they had consistently farrowed in a farrowing 

crate.  Hence, sows in the crates may have performed less stereotypic behaviour compared 

to sows in the closed treatment as they had adapted to the environment. While sows housed 

in the open swing-side pen had a change in farrowing environment, they may have performed 

less stereotypic behaviour as the open environment may have benefited sow behaviour 

compared to the closed swing-side pen. Increased frustration that continues into farrowing 

could have implications for piglet survival, but the piglet mortality data reported from this 
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investigation (Chapter 2) indicated that this was not the case, as piglet mortality of the closed 

sows in the first 24h after birth did not differ from a farrowing crate (Condous et al., 2016).   

By reducing confinement during farrowing and lactation it was predicted that the sow-piglet 

bond would strengthen, as sows would have improved access to piglets which would cause 

improvements in sow maternal behaviour. While an increase in sow-piglet interactions were 

observed in open sows compared to control sows during farrowing, no differences in 

maternal behaviours, including time taken to lie down and the number of nursing events, 

were observed in these sows during lactation. On day 8 of lactation there was an increase in 

sow-piglet interactions in the OPEN7 and CLOSED7 treatments. However, this was possibly 

because both of these treatment groups were only opened the previous day, and hence 

increased ability to interact with the piglets may have been a novelty for the sow. In support 

of this, the increased sow-piglet interactions observed in these treatments was not 

maintained until the day prior to weaning. Additionally, King et al. (2018b) demonstrated that 

sow behaviour changed in response to the crate being opened on day seven post farrowing, 

with the sows spending more time standing compared to the day before crate opening. 

However, no differences in piglet interaction were observed in response to crate opening. 

Interestingly, there tended to be more nursing events observed in the CLOSED7 treatment 

compared to the farrowing crate on the day prior to weaning. While, improvements in nursing 

frequency can led to improved weight gain in piglets (Valros et al. 2002), as reported in 

chapter two there were no difference in piglet weight gain over lactation between the 

treatments. The duration of the nursing event may also be an important factor in nursing 

success in pens. While nursing duration was not measured in the current study, Pedersen et 

al. (2011) found that the duration of milk letdown lasted longer in sows housed in pens 
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compared to crates and that the piglets from sows housed in pens weighted more at day 28 

of lactation. 

The current data suggest that housing treatment had minimal effects on sow welfare in 

lactation, in terms of behaviour and plasma cortisol concentrations. Loose housing of sows 

after the first week of lactation in the swing-side pen did not decrease the cortisol 

concentration on day 8 of lactation or the day prior to weaning. This contrasts with the 

findings of Cronin et al. (1991) who showed that lactating gilts housed in farrowing crates had 

a greater plasma cortisol concentration compared to penned gilts prior to weaning. Cronin et 

al. (1991) observed higher cortisol concentration in the crated gilts on day 28 of lactation, 

while in the current study the last cortisol measurement was taken at approximately day 25 

lactation. This may suggest that sows only experience a heightened stress response to 

confinement when lactation exceeds 25 days. Additionally, Cronin et al. (1991) used gilts 

which may be more susceptible to stress responses from confinement in farrowing crates 

compared to the sows in the current study that had been housed in farrowing crates in 

previous farrowings. Furthermore, Cronin et al. (1991) collected blood samples through 

cannulation while the current study used snare restraint. Hence, there was likely less 

disturbance to the animal by Cronin et.al (1991) at blood sampling that could have influenced 

cortisol results compared to the current study, as snare restraint is known to elicit a cortisol 

stress response in pigs (Roozen et al. 1995). This may also be supported by the cortisol levels 

reported in each study as they were higher in the current study. Cronin et al. (1991), reported 

cortisol levels of 5.6 and 4 nmol/L for the crate and pen treatment, respectively, while the 

current study reported an average of 8 nmol/L for both the crate and swing-side pen 

treatment. With regards to behaviour, housing sows in an open swing-side pen on day 8 of 

lactation compared to a farrowing crate may have benefits for sow welfare as indicated by a 
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reduction in stereotypic behaviour (biting pen/crate components). Alternatively, Chidgey et 

al. (2016) found no difference in biting or sham chewing behaviour on day 6 of lactation in 

sows housed in swing-side pens that were opened from day 4 of lactation compared to sows 

housed in farrowing crates. However, similar to Chidgey et al. (2016), the performance of 

biting pen/crate components for both housing systems was low. The difference between 

farrowing crate and swing-side pens ranged from approximately 14-23 seconds during the 5h 

period, and when combined with the cortisol concentration results, it is unlikely that the 

increase in stereotypic behaviour was impacting on sow welfare in farrowing crates.  

The current data suggest that housing sows and litters in an open swing sided pen encourages 

more piglets to spend time in the creep area compared to those housed in farrowing crates, 

particularly on the day prior to weaning. In contrast, Blackshaw et al. (1994) demonstrated 

that piglets housed in farrowing crates spent more time resting in the creep area than piglets 

housed in farrowing pens during lactation. In that study, both housing systems were the same 

size, while in the present study there was over a 30% increase in space in the swing sided pen 

compared to the farrowing crate. Additionally, the swing-side pens used in the current study 

were larger than the pens used by Blackshaw et al. (1994). Due to the smaller size of the 

farrowing crate, the body heat of the sow may keep the pen area warmer, compared to the 

larger swing sided pen, particularly as the experiment was mostly conducted over winter. 

Reductions in room temperature increase piglet use of the creep area (Burri et al. 2009), 

therefore, if the temperature of the pen area in the swing sided pen was lower than that of 

the farrowing crate, the creep area of the swing sided pen may have been more attractive 

than that of the farrowing crate. In a recent study, in which farrowing pens of similar size and 

design to the present study were used, similar observations were found. On day 5 and 6 of 

lactation, piglets in pens spent less time inactive in open areas of the pen compared to piglets 
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in farrowing crates (Chidgey et al. 2016). Therefore it is possible that farrowing pen size could 

have an effect on piglet use of the creep area. 

In the current study little or no effects were observed on exploratory and play behaviours in 

piglets. Similar to the current study, Blackshaw et al. (1994), also demonstrated no increase 

in piglet activity (walking, running, biting and chewing) between confined and non-confined 

litters. Loose housing systems that have demonstrated improvements in play and exploratory 

behaviours in piglets also provided enrichment, including straw (Chaloupková et al. 2007; 

Martin et al. 2015) and a mixture of straw, wood shavings, peat and branches (Oostindjer et 

al. 2011). Therefore, improvements in play and exploratory behaviours in piglets likely require 

a more stimulating environment than the one provided in the current study. As improvements 

in play behaviour have been suggested as indicators of improved welfare (Brown et al. 2015), 

this suggest that piglet welfare was not altered by housing systems in the current study.  

3.6      Conclusion 
 

In conclusion, loose housing the sow during parturition increased sow-piglet interactions 

compared to a farrowing crate, however further research is warranted in determining what 

effects sow-piglet interactions have on sow and piglet performance.  Loose housing the sow 

in late lactation improved nursing frequency throughout lactation and increased the use of 

the creep area by the piglets, which could have benefits for piglet growth and survival.  
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CHAPTER FOUR  

 

Effect of Gestation and Farrowing Sow Housing on Piglet Survival and Performance 
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4.1      Abstract 
 

This study investigated the effect of gestation and farrowing housing on gilt farrowing 

performance and piglet survival. Thirty gilts were used to investigate the effects of gestation 

housing (group housing (GROUP) versus individual stall housing (STALL)) and farrowing 

housing (closed swing-side pen (CLOSED) versus an open swing-side pen (OPEN)) were 

examined using a 2 x 2 factorial design. Piglet mortality and cause was recorded from birth 

until day 3 post-partum for each gilt. For each piglet a blood sample was collected at birth 

(mixed sow and piglet blood sample from the umbilical cord) and at 24h after birth (jugular 

venepuncture) and was analysed for glucose. The time taken to stand, reach the udder and 

suck was recorded from birth. At 2 and 24 hours after birth body weight and rectal 

temperature was recorded for each piglet. There was no effect of the interaction between 

gestation and farrowing housing and no main effect of gestation housing on any measures 

(P > 0.05), therefore, the data has been combined for the farrowing performance results to 

determine differences between the OPEN and CLOSED treatments.. Farrowing housing had 

an effect on individual piglet measures, with piglets from OPEN gilts taking less time to 

stand compared to piglets from CLOSED gilts (3.2 ± 0.2 vs 5.0 ± 0.6 minutes respectively; P = 

0.04). Piglets born from OPEN gilts took less time to suck from a teat compared to piglets 

born from CLOSED gilts (22.5 ± 3.4 vs 35.2 ± 3.6 minutes respectively; P = 0.02). The results 

demonstrate that the gestation housing system did not affect measures of piglet survival or 

viability, regardless of how the gilt was housed during farrowing. Reducing confinement of 

the gilt during farrowing can lead to improvements in measures of piglet viability at birth, 

which could lead to potential improvements in piglet performance in these systems, but 

further research is needed to validate these results.  
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4.2      Introduction 
 

Sows housed in farrowing crates have heightened stress responses compared to sows housed 

in reduced confinement systems during the pre-partum period (Lawrence et al. 1994; Jarvis 

et al. 2002). Apart from being a welfare concern, this increased stress response is thought to 

negatively impact farrowing performance of the sow, as manifested by prolonged parturition 

duration due to inhibition of oxytocin release (reviewed by Lawrence et al., 1997). In support 

of this, Oliviero et al. (2008) reported a tendency for oxytocin concentration to be lower in 

sows housed in farrowing crates as opposed to farrowing pens, resulting in longer farrowing 

durations. Prolonged farrowing durations increased the risk of a piglet being stillborn (Borges 

et al. 2005). Sows housed in farrowing crates had prolonged farrowing durations and an 

increase in the number of stillborn piglets compared to sows housed in farrowing pens  ( 

Oliviero et al. 2010; Gu et al. 2011; Nowland et al. 2019). However, the impact of confinement 

on piglet stillbirth rate is not consistent, as others have cited no differences in intrapartum 

piglet mortality (Fraser et al. 1997; Weber et al. 2007). Furthermore, increases in farrowing 

durations can also increase the degree of hypoxia in the piglet and consequently decrease 

piglet viability at birth (Herpin et al. 1996). This may suggest that confining sows during 

farrowing could result in piglets with decreased viability traits at birth; however, this requires 

further investigation. 

Additionally, with the global movement away from the use of individual stall housing to group 

housing during gestation, it might be expected that going from a reduced confinement 

housing system during gestation to a confinement housing system prior to farrowing will 

place an added stressor on the sow.  Boyle et al. (2002) demonstrated the behavioural 
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implications of this environment change, with sows moved from a loose housing system in 

gestation to a confinement housing system during farrowing being more restless during 

parturition and early lactation compared to gilts housed in confinement during gestation and 

farrowing.  Cronin et al. 1996, looked at the effect of the change in environment from 

gestation to farrowing on piglet mortality and found that sows housed in group pens during 

gestation and a crate during farrowing had higher rate of stillbirth piglets and a higher piglet 

mortality in the first three days of lactation. However, Cronin et al. 1996, compared a 

farrowing crate to a prototype pair-pen system which gives the sow an area of 10m2.  

Therefore, further investigation is required to determine the effect of the change in 

environment from gestation to farrowing on farrowing performance and piglet viability using 

a more commercially viable farrowing pen. 

It was hypothesised that changing gilts from a loose housing system during gestation to a 

restrictive housing system during farrowing would negatively influence farrowing 

performance and piglet viability compared to gilts that did not change confinement type from 

gestation to farrowing.  
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4.3      Methods 
 

This study was conducted at the University of Adelaide’s piggery, South Australia, with 

approval from the ethics committee of the University of Adelaide (S-2012-010). 

 

4.3.1      Experimental design and housing 
 

This study was a 2 x 2 factorial design incorporating two housing systems during gestation 

(group housing (GROUP) versus individual stall housing (STALL)) and two housing systems 

during farrowing and lactation (closed swing-side pen (CLOSED) versus an open swing-side 

pen (OPEN)).  This study was conducted over three farrowing replicates over Summer and 

Autumn.  

During gestation, gilts were housed in groups of 6 in pens (2.4m2/gilt) or individually in stalls 

(1.4m2). The group pens were located in a different building to the stalls. The flooring of the 

pens and stalls consisted of solid concrete and wooden slats. During farrowing gilts were 

housed in a swing side pen (2.8 x 1.8 m; Figure 1 and 2) with the side gate closed or open. The 

swing side pens were situated in two neighbouring temperature controlled rooms (approx., 

20°C) within the same building and the farrowing housing treatments (closed vs open) were 

distributed evenly between the two rooms. The gilt had enough room to turn around when 

the swing side pen was open but not when closed. When the pen was closed the stall for the 

sow was 1.56m2. Piglet protection rails were placed on the back wall of the pen and on one 

side wall of the pen. A sloped board was placed on the other side wall to protect piglets. The 

sow was against the wall with the sloped board when confined (Figure 1 and 2). The pen 

contained an uncovered creep area with a heat lamp in the top corner of the pen. When the 
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pen was open the side rail used to confine the sow was swung around to act as a barrier to 

the piglet creep area. The flooring of the swing-side pen consisted of solid concrete and metal 

slats. No nesting materials were provided to gilts due to the slatted flooring system.   
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Figure 1.  Diagram of the swing-side pen. Diagram not drawn to scale. 

a) b) 

Figure 2. a) Photo of the swing-side pen with the side open and b) photo of the swing-side 

pen with the side closed. 
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4.3.2      Animals and management 
 

Thirty Large white x Landrace gilts and their litters were used to collect stillborn and live born 

piglet mortality measurements. The sow numbers for the STALL x OPEN, STALL x CLOSED, 

GROUP x OPEN and GROUP x CLOSED treatments was 8, 7, 7 and 8, respectively. Of these, 

sixteen gilts and their litters were monitored during farrowing to collect 194 individual piglet 

measurements. The number of individual piglet measurements for the STALL x OPEN, STALL 

x CLOSED, GROUP x OPEN and GROUP x CLOSED treatments was 56, 37, 40 and 61, 

respectively. The number of individual piglet measures are unbalanced across treatment as 

individual piglet measures were only collected from gilts that farrowed in the monitoring 

period of 7:00 to 16:00. Gilts were used in this experiment as it was expected that they would 

have greater stress responses compared to sows due to their inexperience with farrowing 

housing. Therefore, the likelihood of detecting treatment differences for variables affected 

by stress responses would be greater.   

After artificial insemination all gilts were housed in individual stalls. On approximately day 30 

of gestation gilts were randomly allocated to be housed in group housing or individual stall 

housing. During gestation gilts were fed 2kg/day of a gestation diet (12.9 MJ DE/kg). Gilts 

housed in the pens were floor fed and gilts housed in stalls were individually fed with feed 

bowls. Gilts were moved into the farrowing accommodation approximately one week prior to 

the expected farrowing date. Once in the farrowing accommodation, gilts were fed 2.5kg/day 

of a lactation diet (14.2 MJ DE/kg) and after farrowing this level was gradually increased 

according to appetite. Gilts farrowed naturally and were monitored from 7:00 to 16:00 h. 

Individual piglet measurements were collected from sows that farrowed during the 

monitoring period. Piglets were marked with birth order number with marker on the back. 
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Once the piglet had reached the teat the piglet was tagged with an individual piglet tag 

number so that the piglet could be followed through. There was no intervention during 

farrowing unless an interval from birth of the last piglet exceeded 2h. Litters were equalised 

after the 24h individual piglet measurements had been collected, by cross-fostering piglets so 

that no sow had more piglets than functional teats. Piglets were cross-fostered within 

treatment or removed from the experimental sows. Piglets were processed on day two post-

partum, including tail docking, teeth clipping and iron injection by piggery staff outside of the 

farrowing room. No piglet creep feed was fed throughout lactation. Daily routine 

management practices were carried out by piggery staff.    

 

4.3.3      Piglet measurements 
 

For each gilt the number of total born, born alive and stillborn piglets was recorded. Piglet 

mortality and cause was recorded from birth until day 3 post-partum. Piglets with a white 

appearance and periople on hooves were determined as ‘stillborn’, those with visible signs of 

crushing were determined as ‘overlain’. Liveborn piglets that died with no visible signs of 

crushing were determined as other mortality.  

For each piglet a blood sample was collected at birth (mixed sow and piglet blood sample 

from the umbilical cord) and at 24h after birth (jugular venepuncture) and was analysed for 

glucose using a portable blood glucose meter (HemoCue Glucose 201 RT System). The 

umbilical cord sample was collected once the cord had detached. Piglets were removed to a 

separate room for the 24h blood sample to minimise disturbance of the sow. One person 

restrained the piglet and the second person collected the blood sample. No more than two 

blood sample attempts were taken on an individual piglet. The time taken to stand, reach the 
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udder and suck was recorded. At 2 and 24 hours after birth body weight and rectal 

temperature was recorded for each piglet.  

 

4.3.4      Estimated colostrum intake 
 

Colostrum intake by piglets from birth until 24h post-partum was estimated using a previously 

described method (Devillers et al. 2004), in which the following equation was used to predict 

a piglet’s colostrum intake in grams;  

CI = -217.4 + 0.217 x t + 1861019 x BW/t + BW B x (54.80 – 1861019/t) x (0.9985 – 3.7 x 10-4 x 

tFS + 6.1 x 10-7 x tFS
2) 

Where, BWB is birth weight in kg, BW-BWB is weight gain in kg, t is age in minutes and tFS is 

the interval between birth and time to suck in minutes. For piglets where no interval between 

birth and time to suck was recorded, the mean interval of 30 minutes was used.  

 

4.3.5      Statistical analysis 
 

All analyses were performed using SPSS, V 21 (IBM Corp., USA) and data expressed as means 

± SEM. Sow was used as the experimental unit for piglet mortality measurements. Number of 

stillborn piglets and live born piglet mortality was analysed using a generalised linear model 

with a poisson distribution as data were not normally distributed. The model included 

replicate, gestation treatment, farrowing treatment and the gestation and farrowing 

treatment interaction as fixed effects and total litter size as a covariate. 
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Individual piglet observations including birth interval, time to stand, time to reach the udder, 

time to suck on a teat andestimated colostrum intake were analysed using a linear mixed 

model and glucose concentration, rectal temperature, body weight was analysed using a 

general linear model for repeated measures, with piglet as the experimental unit. The model 

included replicate, gestation treatment, farrowing treatment and the gestation and farrowing 

treatment interaction as fixed effects, total litter size as a covariate and sow as a random 

effect. Variables were checked for normality prior to analysis and data that were not normally 

distributed were transformed accordingly.  

Regression analyses were used to describe the relationships between estimated colostrum 

intake and time to stand, time to reach the udder, time to suck (latch onto a teat), rectal 

temperature at 2h and 24h, body weight at 2h and 24h, cord glucose and plasma glucose at 

24h. 

Insignificant terms (P> 0.10) were removed from the model. Statistical significance between 

groups was determined using the least significant difference test. All results were considered 

significant at P < 0.05. 
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4.4      Results 
 

4.4.1      Farrowing performance and piglet survival 
 

Total litter size did not differ between treatments (GROUP x OPEN: 11.9  0.5; GROUP x CLOSED: 

12.3  1.2; STALL x OPEN: 12.0  1.0; STALL x CLOSED: 11.3  0.9; P = 0.67). Number of live born 

piglets did not differ between treatments (GROUP x OPEN: 11.3  0.6; GROUP x CLOSED: 10.9  

1.1; STALL x OPEN: 11.3  1.0; STALL x CLOSED: 11.0  1.0; P = 0.80). Incidences of stillbirths did not 

differ between treatments (GROUP x OPEN: 0.29  0.2; GROUP x CLOSED: 0.50  0.2; STALL x 

OPEN: 0.5  0.3; STALL x CLOSED: 0.4  0.2; P = 0.62). Live born piglet mortality did not differ 

between treatments (GROUP x OPEN: 1.3  0.6; GROUP x CLOSED: 0.8  0.4; STALL x OPEN: 0.7  

0.4; STALL x CLOSED: 1.7  1.1; P = 0.74).. 

 

4.4.2      Individual piglet measures  
 

There was no effect of the interaction between gestation and farrowing housing and no main 

effect of gestation housing on individual piglet measures (P > 0.05), therefore the data was 

combined to investigate the influence of farrowing housing on piglet measures. Piglets born 

to gilts which farrowed in an open pen stood more rapidly after birth (3.2 ± 0.2 vs 5.0 ± 0.6 

minutes; P = 0.04) and sucked earlier after birth (22.5 ± 3.4 vs 35.2 ± 3.6 minutes ;  P = 0.02) 

than piglets born to sows farrowed in closed pens. The main effect of farrowing housing on 

individual piglet measures is represented in Table 1. 
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Table 1. Individual piglet measurements of piglets born from sows that 

were housed in closed pens (CLOSED) or open pens (OPEN) during 

farrowing and lactation. Data are means ± SEM.   

 

 CLOSED OPEN p-value F-value 

Inter-piglet birth 

interval, min 

19.58 ± 3.14 15.18 ± 2.86 0.34 F1,166 = 0.4 

Time from birth, 

min 

    

stand 5.00 ± 0.55 3.20 ± 0.50 0.04 F1,148 = 8.1 

reach uddera  
4.64 ± 0.36 

(21.7) 

4.04 ± 0.33 

(13.0) 

0.30 F1,160 = 5.6 

suck on a teat 35.21 ± 3.62 22.53 ± 3.39 0.02 F1,162 = 11.4 

Umbilical cord 

glucose, mmol/L  

3.54 ± 0.23 3.70 ± 1.75 0.62 F1,130 = 1.4 

Plasma glucose at 

24h post-partum, 

mmol/L 

6.31 ± 0.42 6.30 ± 0.30 0.98 F1,157 = 0.1 

Rectal temperature, 

°C 

    

2h post-partum 37.05 ± 0.44 37.03 ± 0.39 0.98 F1,141 = 5.3 

24h post-partum 38.67 ± 2.00 38.65 ± 0.14 0.84 F1,165 = 1.2 

Body weight, kg     

2h post-partum 1.36 ± 0.06 1.44 ± 0.06 0.40 F1,155 = 1.2 

24h post-partum 1.53 ± 0.15 1.48 ± 0.13 0.25 F1,153 = 0.4 

a Data were square root transformed, raw data means are presented in 

brackets.  

 

 

4.4.4          Estimated colostrum intake  
 

Estimated colostrum intake from birth until 24h post-partum did not differ between 

gestation housing (F1,144 = 0.1; P = 0.79), farrowing housing (F1,144 = 0.02; P = 0.88) and the 
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interaction between gestation and farrowing housing (F3,144 = 2.4; P = 0.15). There was a 

significant relationship between estimated colostrum intake from birth until 24h post-

partum and body weight at 2h (r (149) = 0.17; P < 0.05), plasma glucose at 24h (r(141) = 

0.45; P < 0.01), rectal temperature at 24h (r (149) = 0.21; P <0.01) and body weight at 24h (r 

(149) = 0.43; P < 0.01) (Figure 3). There was no significant relationship between estimated 

colostrum intake and time to stand (r (134) = 0.14; P = 0.10), time to reach the udder (r 

(139) = 0.01; P = 0.92), time to suck (r (140) = 0.10; P = 0.41), rectal temperature at 2h (r 

(134) = 0.12; P = 0.16) and cord glucose (r (117) = 0.003; P = 0.97). 
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Figure 3. Relationship between estimated colostrum intake from birth until 24h post-partum 

and individual piglet measurements: (a) body weight at 2h post-partum; (b) body weight at 

24h post-partum; (c) rectal temperature at 24h post-partum and (d) plasma glucose at 24h 

post-partum. 
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4.5      Discussion 
 

The current results demonstrate that there was no interaction effect of gestation and 

farrowing housing on piglet mortality within the first three days post-partum and viability 

measures. For the subset of animals that were monitored during farrowing, there was a main 

effect of farrowing housing on piglet viability, with piglets born to gilts housed in open 

farrowing pens taking less time to stand and suck on a teat compared to piglets born to gilts 

that were housed in closed farrowing pens.  

Data describing the interactive effect of gestation and farrowing housing on sow farrowing 

performance and neonatal piglet performance is limited. To the best of my knowledge, Cronin 

et al (1996) is the only other study to compare the impact of gestation housing (individual 

versus groups housing) on parturition outcomes and piglet survival in sows housed in either 

farrowing crates or loose farrowing pens. In that study, and in contrast to the current data, 

sows moved from group housing to a farrowing crate gave birth to more stillborn piglets, 

compared to the other treatments. Interestingly, the current study also demonstrated no 

impact of farrowing housing on either piglet inter-birth intervals or stillborn number. This is 

in contrast to more recent studies, that demonstrated that sows that were confined in 

farrowing crates had increased inter-piglet birth intervals and stillborn number compared to 

sows housed in reduced confinement farrowing pens (Oliviero et al. 2010; Gu et al. 2011). In 

these studies, Oliviero et al. (2010) and Gu et al. (2011) reported the average inter-piglet birth 

intervals to be; crate: 29 vs pen: 19 and crate: 28.0 vs pen 21.1 minutes, respectively. 

Compared to the current study where the average inter-piglet birth intervals were 15.2 and 

19.6 minutes in the pen and crate treatments, respectively, for the focal piglet followed. In 
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support of the current data, Fraser et al. (1997) reported that sows housed in wider crates, 

that allowed the sow to turn around, had similar inter-piglet birth intervals and stillborn rate 

compared to sows housed in conventional farrowing crates. Like the current study, Fraser et 

al. (1997) also reported short inter-piglet birth intervals of 15.9 and 16.0 minutes for the wide 

crate and conventional crate, respectively. Litter size in the current study was also similar to 

that of Gu et al. (2011) and Oliviero et al. (2010), with 11.7, 11 and 12.7 piglets, respectively, 

suggesting litter size did not account for the contrasting results. Therefore, the short intervals 

in the current study might imply that the gilts were not experiencing increased stress 

responses due to a change in environment or confinement at farrowing, and hence, no 

increase in stillbirth number.  

Apart from increasing the risk of the piglet being stillborn, prolonged farrowing durations can 

also cause an increase in the degree of hypoxia in the piglet and consequently decrease piglet 

viability at birth (Herpin et al. 1996). In the current study it was observed that piglets born 

from gilts housed in open pens took less time to reach the udder and suck on a teat compared 

to piglets born from gilts housed in closed pens. In contrast to the current study, Pedersen et 

al. (2011a), reported no difference in any measures of piglet viability, including cord plasma 

lactate, time to first suck and rectal temperature 2 hours after birth, between piglets born 

from gilts housed in farrowing crates versus farrowing pens. In the current study, the reduced 

time to suck on a teat in the open treatment could be due to improved access to the udder. 

It was noticed that when the gilt was confined in the pen the board on the wall to protect the 

piglets, blocked the top row of the gilt’s teats in some cases. There was no difference in body 

weight and survival at 24h postpartum and estimated colostrum intake between the 

treatments, suggesting, that the reduced time to suck on a teat did not have follow on effects 

on piglet viability. Therefore, while the current data suggests that reduced confinement at 
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farrowing could lead to improvements in piglet viability at birth, it is possible that the 

farrowing housing design had an effect on these viability measures.  

Interestingly, this data demonstrated that piglet viability measures, including body weight, 

rectal temperature and plasma glucose at 24h post-partum, were related to colostrum intake. 

Using the estimated colostrum intake measure, Devillers et al. (2011), found similar results to 

the current data that estimated colostrum intake was related to piglet rectal temperature and 

plasma glucose at 24 post-partum. But the current data demonstrated that time to stand, 

reach a teat and suck were not. This suggests that these early viability measures alone may 

not be a good indictor of colostrum intake. As colostrum intake is known to be a crucial factor 

in the piglets ability to survive (Declerck et al. 2016; Cabrera et al. 2012), it is possible that 

other factors could have influenced  these measures of piglet viability in the current study. 

Pedersen et al. (2006), found that sows in pens that spent less time lying had fewer piglets 

suckling at the udder within 8h after birth of the first piglet.  Therefore, it is possible that sow 

behaviour may have influenced piglet viability measures, but no sow behavioural measures 

were taken to support this. Further research is required though as time to stand, reach the 

udder and suck have been demonstrated as significant indicators of piglet viability and 

survival (Tuchscherer et al. 2000; Baxter et al. 2008; Muns et al. 2013; Panzardi et al. 2013)..By 

using estimated colostrum intake alone you can get an indicator of piglet viability at 24h, 

rather than doing  invasive measures on the piglet, such as blood collection for glucose 

analysis, in the first 24h post-partum. 

Previous research has demonstrated that housing sows in reduced confinement farrowing 

systems increased piglet live born mortality (Cronin and Smith 1992a; Blackshaw et al. 1994; 

Marchant et al. 2000; Hales et al. 2014). Unexpectedly, the current study found no effect of 
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sow confinement vs non-confinement on piglet live born mortality. The number of gilts used 

in this study were low compared to the above studies and therefore a difference between 

treatments may not have been able to be detected. The live born piglet mortality in this 

experiment was only recorded until day three post-partum compared to above studies where 

it was recorded from birth until weaning. While the majority of piglet mortality is observed 

during this period (Marchant et al. 2000), it is possible that the incidence and cause of live 

born piglet mortality beyond day three post-partum could have further influenced total piglet 

mortality. Another reason for the contrasting results may be that this study compared two 

farrowing housing systems of the same pen size and design, while the above mentioned 

studies, compared a standard farrowing crate to a farrowing pen, in which the size and design 

differed (Cronin and Smith 1992a; Blackshaw et al. 1994; Marchant et al. 2000; Hales et al. 

2014). Hence, in these studies the piglets were exposed to different environments, while in 

the current study, the piglets were exposed to the same environment. Therefore, it is likely 

that differences in the environment between a farrowing crate and pen may also influence 

piglet mortality, not just if the sow is confined or not.  

4.6      Conclusion 
 

In conclusion, the interaction between gestation and farrowing housing had no effect on 

piglet mortality and piglet viability measures. Reducing confinement of the gilt during 

farrowing lead to improvements in piglet viability at birth, but further research is needed to 

determine if this can result in long term improvements on piglet survivability and 

performance. 
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Chapter Five 

The effect of Tryptophan Supplementation on Sow Behaviour and Piglet Performance 

During Farrowing and Early Lactation 
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6.1      Abstract 

This paper involves two experiments that investigated the effect of supplementing the diet 

with tryptophan on the stress response of the sow. The first experiment investigated the 

effect of tryptophan supplementation on the cortisol response of late gestation gilts to snare 

restraint. The second experiment investigated the effect of tryptophan supplementation on 

the cortisol and behavioural response of the sow during the pre-partum, farrowing and post-

partum period. In the first experiment gilts were allocated to one of two dietary treatments: 

1) gilts were fed a standard gestation diet (12.89 MJ DE/kg; 13.32% protein) for 7 days 

(control) or 2) gilts were fed a standard gestation diet supplemented with 12g of L-

tryptophan/day for 7 days (tryptophan). Gilts were exposed to a restraint stress (snare 

restraint for five minutes) on the day prior to the beginning of the dietary treatments and on 

the day after the last day of the dietary treatments. In the second experiment sows were 

allocated to one of two dietary treatments: 1) Gilts and sows (parity 0 -2) were fed a standard 

lactation diet (14.20 MJ DE/kg; 18.65% protein) from entry into farrowing accommodation 

until three days post-partum (CTL) and 2) Gilts and sows were fed a standard lactation diet 

supplemented with 12g of L-tryptophan/day from entry into farrowing accommodation (day 

107 – 109 of gestation) until three days post-partum (TRP). In both experiments gilts and sows 

were catheterised with an indwelling ear vein catheter for the collection of blood for the 

analysis of plasma cortisol. In the first experiment a blood sample was collected at 15 and 0 

minutes prior to and 0, 15, 30, 45, 60 and 120 minutes after the restraint event for each gilt. 

In the second experiment a blood sample was collected at hourly intervals from 24h prior to 

expected farrowing date until the end of farrowing. In the second experiment behavioural 

observations were recorded from 07:00 on the day prior to the expected farrowing date until 

the end of farrowing and at 2-4, 6-8 and 10-12 hours after the birth of the last piglet. Piglet 
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mortality was recorded from birth until weaning and average piglet daily body weight gain 

was recorded from 24h post-partum until weaning. In experiment one there was no effect of 

supplemental tryptophan on the plasma cortisol concentration immediately prior to or after 

snare restraint. In experiment two there was no effect of tryptophan supplementation on 

plasma cortisol concentration during the pre-partum or farrowing period. At 24h post-partum 

sow cortisol concentration was less in the TRP compared to the CLT group (35.85 ± 12.83 vs 

67.76 ± 11.74 ng/ml, respectively; P = 0.05). During the 2-4h post-partum period sows in the 

CLT group spent more time standing (P = 0.05) while sows in the TRP group spent more time 

lying on the side (P = 0.01). There was a trend for TRP sows to overlay fewer piglets from birth 

until weaning (P = 0.06), but no difference in total piglet mortality (P > 0.05). Therefore, 

providing supplemental tryptophan in the diet of sows had no effect on measures of stress 

response in late gestation but it may make sows less responsive to stressors in early lactation, 

which may lead to improvements in piglet survival. 
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6.2     Introduction 
 

Improving the welfare of the sow during the pre-partum and farrowing period has become of 

increasing concern within the pig industry. Currently, sows are housed in farrowing crates 

which restrict the movement of sows during this period. A number of investigations have 

focused on the use of alternative housing systems which provide increased space and often 

nesting material, to improve measures of sow welfare (Cronin et al. 1991; Lawrence et al. 

1994; Damm et al. 2002b; Damm et al. 2003). However, alternative housing systems often 

lead to increased piglet mortality (Cronin and Smith 1992a; Blackshaw et al. 1994; Hales et al. 

2014).  

Strategies to improve the welfare of sows housed in farrowing crates or restrictive 

environments around parturition have focused on providing nesting materials (Caille et al. 

2016; Bolhuis et al. 2018), but the use of nutritional supplements have received less 

investigation and may be a more novel approach to reduce the stress response in sows. 

Tryptophan, an essential amino acid only acquired through diet, is the precursor for 

serotonin.. Tryptophan enters the central nervous system by active transport across the 

blood-brain barrier and competes with other large neutral amino acids, where it is then 

converted to serotonin (Fernstrom & Wurtman 1972). Hence, theoretically, increases in 

dietary tryptophan should increase tryptophan uptake by the central nervous system and 

increase serotonin production in the brain. Serotonin is known to regulate sleep, appetite and 

mood and can influence stress coping (Muller and Jacobs 2009). In young pigs, it has been 

documented that increases in dietary tryptophan can reduce cortisol concentrations 

associated with a social stress of mixing (Koopmans et al. 2005; Liu et al. 2012; Shen et al. 

2012). In gestating sows, the effect of tryptophan supplementation on behaviour is not 
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consistent. Poletto et al. (2014) reported that increased dietary tryptophan reduced 

aggressive behaviour around mixing, while Li et al. (2011) found no effect of increased dietary 

tryptophan on aggressive behaviour around mixing. However, to date, no investigations into 

the effect of tryptophan on behaviour and stress responses in sows during late gestation and 

farrowing have been conducted. 

The current study tested two hypotheses. One, that providing supplemental tryptophan to 

gilts in late gestation would reduce the cortisol stress response to a known stressor. Two, that 

providing supplemental tryptophan to gilts and sows from late gestation to early lactation 

would reduce the cortisol stress response and negative behaviours around parturition, and 

improve crated sow farrowing performance.  
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6.3      Methods and materials 

This experiment was conducted at the University of Adelaide’s piggery, South Australia, with 

approval from the Animal Ethics Committee of the University of Adelaide. 

6.3.1      Experiment one 
 

6.3.1.1      Experimental design and diets 
 

This experiment investigated the effect of tryptophan supplementation on the cortisol 

response of late gestation gilts to snare restraint. Gilts were randomly allocated to one of two 

dietary treatments:  1) Gilts were fed a standard gestation diet for 7 days (control) or 2) gilts 

were fed a standard gestation diet supplemented with 12g of L-tryptophan/day for 7 days 

(tryptophan). Control gilts were individually fed 1.2kg of a standard gestation diet twice daily 

at 7:00 and 16:00. Tryptophan gilts were fed the same diet as the control gilts twice daily, but 

6g of L-tryptophan (Lienert Australia) was added as a top dressing to the standard diet at each 

feed. Details of the standard gestation diet is provided in Table 1. This experiment was 

conducted over three replicates from September 2015 to February 2016.  
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Table 1. Ingredients and chemical analysis of the gestation and lactation diet.  

        gestation diet         lactation diet 

Ingredients (%)  

Barley 39.19 12.67 

Wheat 31.17 43.77 

Millrun 20.0 7.0 

Peas - 9.0 

Canola meal 3.0 10.0 

Meatmeal 1.23 2.4 

Tallow 1.0 4.0 

Blood meal 1.23 1.0 

Fish meal - 2.5 

Potassium chloride  0.007 0.2 

Limestone 1.33 0.99 

HY-D premix 0.07 0.04 

Salt 0.25 0.30 

Betaine - 0.32 

Lysine sulphate 0.45 0.45 

DL methionine - 0.06 

L-Threonine 0.08 0.13 

L-Tryptophan - 0.03 

Vevo vital acid 0.02 0.3 

Phytase wheat 0.01 0.01 

Breeder premix 0.25 0.25 

Chemical analysis  

Digestible energy (MJ)   12.89   14.20 

Protein (%)   13.32 18.65 

Fat (%)   3.52 6.87 

Fibre (%)   5.34 4.50 

Lysine (%)   0.74 1.22 

Tryptophan (%)   0.15 0.23 
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6.3.1.2      Animals and housing 
 

Thirty Large white x Landrace gilts were used in this experiment. Approximately one week 

prior to the beginning of the dietary treatments gilts were moved from group housing to 

individual stall housing (day 80-85 of gestation). A non-occupied stall was left between each 

gilt to allow access for the collection of blood samples. The stall design allowed access to the 

gilt at all natural postures so that the gilt did not need to be disturbed for the collection of 

blood samples. All gilts were housed in the same room and had ad libitum access to water.  

6.3.1.3      Blood sample collection 
 

Gilts were catheterised with an indwelling ear vein catheter three days prior to the pre-dietary 

treatment restraint stress. Each gilt was restrained by a snare at the beginning of the 

catheterisation procedure. The ear was cleaned with warm water and disinfectant. A 14g 

insertion needle was inserted into the auricular vein towards the base of the ear. Once blood 

emerged into the insertion needle, 50cm of PCV tubing was inserted through the needle into 

the jugular vein. The insertion needle was removed and a blunt needle was placed on the end 

of the tubing. The tubing was held in place at the insertion point with tape and the external 

catheter tubing was inserted into a pouch attached with tape at the top of the sow’s neck. 

The catheter was filled with a saline solution containing 5 IU heparin per mL to prevent blood 

clotting and the end of the catheter was sealed with a stopper. When sampling, the first 

withdraw from the syringe was discarded to prevent the saline-heparin solution 

contaminating the sample. Catheters were flushed and refilled with the saline-heparin 

solution three times per day on non-sampling days and after collection of each blood sample 

on the sampling days. When sampling, a 9ml blood sample was collected. Blood samples were 

collected in heparinised tubes and immediately stored on ice. Blood samples were 
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centrifuged at 3000 g for 20 min and the plasma was collected and stored at -18oC until 

analysis. 

 

6.3.1.4      Restraint stress 
 

Snare restraint was used as the method to induce a cortisol stress response in the gilt as 

previous studies (eg Roozen et al. 1995) have demonstrated that 5 minutes of snare restraint 

significantly increased plasma cortisol in sows. Gilts were exposed to a restraint stress on the 

day prior to the beginning of the dietary treatments (PRE-TEST) and on the day after the last 

day of the dietary treatments (POST-TEST). On the day the gilts were exposed to the restraint 

stress, they were not disturbed except for when they were fed in the morning. The restraint 

procedure began at 1300h to account for the diurnal rhythm of cortisol. Gilts were individually 

walked into the adjacent room and snare restraint was applied immediately for 5 minutes. 

The gilt was then walked back into the stall. A blood sample was collected at 15 and 0 minutes 

prior to and 0, 15, 30, 45, 60 and 120 minutes after the restraint event for each gilt. Minimal 

handing methods were used when walking gilts from one room to the other and when 

collecting blood samples to minimise the effect of handling on the stress response.     

 

6.3.1.5      Cortisol Analysis 
 

Samples were sent to the School of Animal Biotechnology at the University of Western 

Australia for analysis of plasma cortisol using a radioimmunoassay kit, designed for 

measurement of cortisol in human plasma, serum or urine (Cortisol GammaCoat RIA kit CA-

1549, Dia Sorin Inc., Stillwater MN, USA) (Beausoleil et al., 2008). Modification for use in 

porcine plasma was made by adding 75 μL of buffer to 100 μL of plasma. Limit of detection 
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was 2.5 ng/ml and the mean intra and inter-assay coefficients of variation were 6.5 % and 5.8 

% respectively. 

6.3.1.5      Statistical analysis 
 

All analyses were performed using SPSS, v21 (IBM Corp., USA) and data expressed as means 

± SEM. Gilt was the experimental unit. Plasma cortisol concentration was checked for 

normality prior to analysis. Plasma cortisol concentrations measurements were analysed 

using a general linear model for repeated measures. The model included replicate (1, 2, and 

3), treatment (control and tryptophan) and day (PRE-TEST and POST-TEST) as between-

subjects factors and hour (-15, -0, +0, +15, +30, +45, +60 and +120) as a with-in subjects factor. 

Statistical significance between groups was determined using least significant difference test. 

All results were considered significant at P < 0.05. 

6.3.2      Experiment two 
 

6.3.2.1      Experimental design 
 

Forty-one sows (parity 0 – 2) were randomly allocated to one of two dietary treatments: 1) 

Gilts and sows were fed a standard lactation diet from entry into farrowing accommodation 

until three days post-partum (CTL, n = 21, parity = 0.3 ± 0.1) and 2) Gilts and sows were fed a 

standard lactation diet supplemented with 12g of L-tryptophan/day from entry into farrowing 

accommodation until three days post-partum (TRP, n = 20, parity = 0.3 ± 0.1). Animals in both 

treatments received 1.2kg of a standard lactation diet (Table 1) twice daily at 7:00 and 16:00 

from entry into farrowing accommodation (day 107 – 109 of gestation) until day three post-

partum. Animals in the tryptophan treatment received 6g of L-tryptophan as a top dress at 

each feed. From day four post-partum until weaning all animals were fed the control lactation 
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diet to appetite. Details of the standard lactation diet is provided in Table 1. This study was 

conducted over six farrowing replicates from September 2015 to March 2016. 

6.3.2.2      Housing and management 
 

Animals were group housed during gestation. Approximately eight days prior to the expected 

farrowing date animals were moved into farrowing accommodation. Animals were housed in 

a standard farrowing crate for the entire experimental period. Sows farrowed naturally. 

Litters were equalised at approximately 24h after birth by cross-fostering piglets within 

treatment so that no sow had more piglets than functional teats. Piglets were processed on 

day two post-partum, including tail docking, teeth clipping and iron injection by piggery staff 

outside of the farrowing rooms. The farrowing rooms were temperature controlled (approx. 

20°C). No piglet creep feed was fed throughout lactation. Daily routine management practices 

were carried out by piggery staff.  

6.3.2.3      Blood sample collection 
 

Sows and gilts were catheterised three days prior to the expected farrowing date with an 

indwelling ear vein catheter. The catheterisation procedure used was the same as that 

described in Experiment 1. Blood samples were collected at hourly intervals from 24h prior 

to expected farrowing date until the end of farrowing, which was determined by expulsion of 

the placenta. Blood samples were centrifuged at 3000 g for 20 min and the plasma was 

collected and stored at -18oC until analysis. Samples collected from six hours prior to 

farrowing until two hours after the birth of the first piglet were used for analysis.  A blood 

sample was also collected at 24h post-partum and used for analysis.   
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6.3.2.4      Cortisol analysis 
 

Sow plasma cortisol analysis was the same as that described in experiment one of Chapter 

six.  

 

6.3.2.5      Sow behaviour 
 

Behaviour observations were sampled using real time scan sampling. Sampling began at 

07:00 on the day prior to the expected farrowing date until the start of farrowing. Sows 

were scanned at hourly intervals and their behaviour was recorded at that point in time. The 

blood sample was collected immediately after the behaviour observation to minimise 

disturbance.  Sows were video recorded from the birth of the first piglet to the birth of the 

last piglet and at 2-4, 6-8 and 10-12 hours after the birth of the last piglet. A list and 

description of the behaviours recorded is provided in Table 2.    

   

Table 2. Description of sow behaviours recorded.   

Behaviour Description Measure 

Sitting Rear end on the floor with two front 

feet on the floor.  

 

Percentage of time 

Standing Upright with all four feet on the floor.  

 

Percentage of time 

Lying Lying on udder or side with no feet on 

the floor.  

 

Percentage of time 
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Posture change Change from one of the above 

described postures to another, 

including changes from lying on the 

udder to lying on the side and vice 

versa. No minimum time was 

required in a posture before another 

change. 

 

Number per hour 

Nesting  Sow pawing or rooting pen floor. 

 

Percentage of time 

Stereotypy Sow bar biting or manipulating pen 

components.  

 

Percentage of time 

  

 

6.3.2.6      Piglet measures 
 

Individual piglet body weights were recorded at birth, at 24h after birth and on day 21 of 

lactation. The birth weight was taken after the umbilical cord had detached and at the same 

time a piglet tag was placed in the ear. An average daily body weight gain was determined 

from body weight change from 24h post-partum until the day prior to weaning over the 

number of days of lactation. Piglet mortality was recorded from birth until weaning.  Piglets 

with a white appearance and periople on hooves were determined as ‘stillborn’ and those 

with visible signs of crushing were determined as ‘overlain’. Liveborn piglets that died with 

no visible signs of crushing were determined as other mortality.    

6.3.2.7      Estimated colostrum intake 
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Colostrum intake by piglets from birth until 24h post-partum was estimated using a previously 

described method (Devillers et al., 2004), in which the following equation was used to predict 

a piglets colostrum intake (CI in g);  

CI = -217.4 + 0.217 x t + 1861019 x BW/t + BW B x (54.80 – 1861019/t) x (0.9985 – 3.7 x 10-4 x 

tFS + 6.1 x 10-7 x tFS
2) 

Where, BWB is birth weight in kg, BW-BWB is weight gain in kg, t is age in minutes and tFS is 

the interval between birth and time to suck in minutes. The interval between birth and time 

to suck was not recorded, therefore, the mean interval determined in Chapter 4, of 30 

minutes was used. 

6.3.2.8      Statistical analysis 
 

All analyses were performed using SPSS, V 23 (IBM Corp., USA) and data expressed as means 

± SEM. The sow was the experimental unit. Total litter size, number of piglets born alive and 

inter-piglet birth interval were analysed using a general linear model, with replicate and 

treatment as fixed effects and sow parity as a covariate.  

Number of stillborn piglets and live born piglet mortality were analysed using a generalised 

linear model with a poisson distribution because data were not normally distributed. The 

model included replicate and treatment as fixed effects and sow parity and total litter size as 

covariates. Live born piglet mortality included equalised litter size as a covariate. 

Sow behaviours that were not normally distributed were transformed accordingly prior to 

analysis. Sow behaviours were analysed using a general linear model, with replicate and 

treatment as fixed effects and sow parity and total litter size as covariates.  
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Sow plasma cortisol concentration was analysed using a general linear model for repeated 

measures, with replicate and treatment as fixed effects and sow parity as a covariate. The 

model for cortisol concentration at 24 hours post-partum included litter size as a covariate.   

Piglet body weight at birth, 24h after birth and on day 21 of lactation and estimated colostrum 

intake were analysed using a linear mixed model with piglet as the experimental unit. The 

model included replicate, sow parity, piglet sex, birth weight group, treatment and the 

interaction between treatment and birth weight group as fixed effects, total litter size as a 

covariate and sow as a random effect. Piglet weights after litter equalisation included 

equalised litter size as a covariate. For piglet birth weight group, three groups were 

determined; <1.1: piglet weighing less than 1.1kg at birth; 1.1 – 1.5: piglet weighing from 1.1 

to 1.5kg at birth and >1.5: piglet weighing more than 1.5kg at birth. 

Statistical significance between groups was determined using least significant difference test. 

All results were considered significant at P < 0.05. 
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5.4      Results 
 

5.4.1      Experiment 1 
 

Due to problems with the ear vein catheter blockage, the results from 4 gilts in the control 

group and 5 gilts in the tryptophan group were included in the final analysis. 

 

5.4.1.1      Plasma cortisol 
 

Plasma cortisol concentration is represented in Figure 1. There was no effect of the 

interaction between hour and treatment and day on plasma cortisol (P > 0.05). There was a 

main effect of sampling time with -15 being lower than +0 (P = 0.03) and +15 (P = 0.02) and -

0 being lower than +0 (P = 0.003) and +15 (P = 0.002).  
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Figure 1. Average plasma cortisol concentrations prior to (-15 and -0 minutes) and after (0, 

15, 30, 45, 60 and 120 minutes) restraint stress. Green lines; control gestation diet, blue lines; 

tryptophan supplemented gestation diet. Dashed lines; restraint stress test prior to the 

beginning of dietary treatments, solid lines – restraint stress test after 7 days of receiving 

dietary treatment.  
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5.4.2      Experiment 2 
 

The number of sows used in the analysis for each variable is represented in table 1. Sows in 

the tryptophan treatment received the dietary treatment for an average of 6.4 ± 0.4 days 

prior to farrowing. The average parity was 0.3 ± 0.1 and 0.3 ± 0.1 for the control and 

tryptophan treatments, respectively. 

 

 

5.4.2.1      Farrowing Performance 
 

Number of total piglets born per litter and number born alive, number of stillborn and average 

inter-piglet birth interval did not differ between treatments (Table 2).   

 

Table 2. The effect of tryptophan supplemented sow lactation diets on 

farrowing performance measures. Data are means ± SEM. 

 

 Control Tryptophan P-value F-value 

Number piglets/ litter  

Total litter 11.60 ± 0.52 10.63 ± 0.54 0.20 F1,39 = 1.7 

Born alive  11.15 ± 0.51 10.29 ± 0.53 0.24 F1,39 = 4.5 

Stillborn 0.32 ± 0.14 0.28 ± 0.13 0.82 F1,39 = 0.5 

Inter-piglet birth 

interval, min 
18.18 ± 2.14 15.98 ± 2.43 0.49 

F1,32 = 0.0 
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5.4.2.2      Sow Plasma Cortisol 
 

There was no interaction effect of dietary treatment and hour on plasma cortisol 

concentration during the pre-partum and farrowing period (P = 0.71) (Figure 1). There was no 

main effect of dietary treatment (P = 0.76) or hour (P = 0.80) on plasma cortisol concentration 

during the pre-partum and farrowing period. Sow plasma cortisol concentration at 24h post-

partum was less in the tryptophan compared to the control group (35.85 ± 12.83 vs 67.76 ± 

11.74 ng/ml, respectively; P = 0.05).  

 

 

Figure 2. Plasma cortisol concentration of sows from 6 hours prior until 2 hours after the birth 

of the first piglet. Dashed blue line; control lactation diet, solid green line; lactation diet 

supplemented with tryptophan. 
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5.4.2.3      Sow behaviour 
 

There was no difference in the percentage of sows that were observed sitting, standing or 

performing nesting behaviour at any of the six hourly measures prior to birth of first piglet. 

There was a trend for more tryptophan sows to be laying on their udder at 4h prior to BFP 

(control: 50 vs tryptophan: 81.3%; F1,28 = 4.3; P = 0.08), while there tended to be more control 

sows laying on their side at 4h prior to BFP (control: 35.7 vs tryptophan: 6.3%; F1,28 = 3.4; P = 

0.06).  There was a trend for more control sows observed to be performing stereotypic 

behaviours at 3h before BFP (control: 25 vs tryptophan: 0%; P = 0.07).  

There was no difference between treatments for all behaviour measures during farrowing 

(Table 3). In the 2-4h post-partum period sows in the control group spent more time standing 

(P = 0.05) and tended to perform more posture changes (P = 0.09) compared to sows in the 

tryptophan group. Four sows (2-4hpp: 1 control, 6-8hpp: 1 control and 1 tryptophan, 10-

12hpp: 1 control) were observed to be engaged in stereotypic behaviour in the post-partum 

periods. For each of the 4 sows the performance of stereotypic behaviour accounted for less 

than 0.1% of the sow’s time.   
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Table 3.  The effect of sow lactation diets supplemented with tryptophan on sow 

behaviour during farrowing and 2-4, 6-8 and 10-12h post-partum. Data are means ± 

SEM.  

 

 Control Tryptophan P-value F-value 

Farrowing     

Sitting (%) 1.50 ± 0.34 2.11 ± 0.34 0.18 F1,12 = 0.7 

Standing (%) 0.37 ± 0.74 (1.27) 1.23 ± 0.75 (5.24) 0.37 F1,12 = 2.2 

Lying on side (%) 90.68 ± 6.96 82.96 ± 7.07 0.39 F1,12 = 0.3 

Lying on udder (%) 1.84 ± 0.87 (7.52) 2.66 ± 0.88 (7.01) 0.57 F1,12 = 0.0 

Posture changes (n per 

hour) 
3.41 ± 2.98 9.17 ± 3.02 0.15 

F1,12 = 3.6 

Stereotypy (%) 0.27 ± 0.21 (0.15) 0.24 ± 0.22 (0.19) 0.92 F1,12 = 0.0 

2-4h post-partum     

Sitting (%) 0.36 ± 0.22 0.05 ± 0.23 0.17 F1,12 = 0.0 

Standing (%) 1.59 ± 0.35 (5.11) 0.60 ± 0.38 (0.55) 0.05 F1,12 = 5.6 

Lying on side (%) 91.37 ± 1.69 98.38 ± 1.80 0.01 F1,12 = 2.3 

Lying on udder (%) 1.50 ± 0.63 (3.10) 0.35 ± 0.67 (0.41) 0.17 F1,12 = 2.1 

Posture changes (n per 

hour) 
1.26 ± 0.35 (2.17) 0.45 ± 0.37 (0.67) 0.09 F1,12 = 5.3 

6-8h post-partum     

Sitting (%) 0.69 ± 1.07 1.44 ± 1.14 0.57 F1,12 = 0.1 

Standing (%) 0.95 ± 0.77 (1.72) 1.42 ± 0.81 (3.07) 0.62 F1,12 = 0.5 

Lying on side (%) 96.02 ± 3.80 90.03 ± 4.07 0.22 F1,12 = 2.8 

Lying on udder (%) 0.81 ± 0.68 (1.59) 1.45 ± 0.72 (3.51) 0.44 F1,12 = 1.0 

Posture changes (n per 

hour) 
0.84 ± 0.36 1.51 ± 0.38 0.17 

F1,12 = 0.5 

10-12h post-partum     

Sitting (%) 0.53 ± 0.74 0.31 ± 0.79 0.80 F1,12 = 0.1 

Standing (%) 0.93 ± 0.74 (1.95) 1.88 ± 0.79 (4.64) 0.31 F1,12 = 1.4 

Lying on side (%) 94.98 ± 6.09 94.30 ± 6.47 0.93 F1,12 = 0.1 

Lying on udder (%) 0.62 ± 0.98 (4.25) 0.66 ± 1.04 (2.65) 0.97 F1,12 = 0.2 

Posture changes (n per 

hour) 
0.59 ± 1.1 1.50 ± 1.17 0.50 

F1,12 = 0.2 



111 
 

5.4.2.4      Individual Piglet Measurements 

There was a significant difference between treatments for piglet birth weight (Control: 1.28 

± 0.02 vs Tryptophan: 1.33 ± 0.02; F1,173 = 3.9; P = 0.05) and piglet weight at day 21 post-

partum (Control: 5.18 ± 0.14 vs Tryptophan: 5.84 ± 0.15; F1,173 = 14.3; P < 0.01). There was no 

significant difference between treatments for piglet weight at 24h post-partum (Control: 1.53 

± 0.03 vs Tryptophan: 1.61 ± 0.05; F1,173 = 1.2; P = 0. 28) and CI (Control: 301.86 ± 16.44 vs 

Tryptophan: 273.78 ± 19.42; F 1,173 = 1.7; P = 0.19). There was a significant treatment by birth 

weight group effect for piglet weight at 24h post-partum (F2,172 = 3.4; P = 0.01) and piglet 

weight at day 21 post-partum (F2,172 = 5.3; P = 0.01) (Figure 3). 
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Figure 3. Piglet body weight at a) 24h after birth and b) day 21 of lactation for piglets in three 
birth weight groups; <1.1, 1.1 – 1.5 and >1.5. Control, control lactation diet fed to sows. 
Tryptophan, control lactation diet supplemented with tryptophan fed to sows. * P < 0.05.      

 

5.4.2.5      Piglet survival  

There was no difference between treatments for overlay caused or total live born piglet 

mortality from birth to 24h post-partum (Table 4). From birth until weaning there was a trend 

for tryptophan sows to overlay fewer piglets (P = 0.06), but there was no difference between 

treatments for total piglet mortality.  
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Table 4. The effect of sow lactation diets supplemented with tryptophan 

on live born piglet mortality. Data are means ± SEM.  

 

 Control Tryptophan P-value F-value 

Number of piglets/litter  

Birth to 24h post-partum  

Overlain 0.32 ± 0.13 0.10 ± 0.07 0.14 F1,36 = 2.6 

Total  0.53 ± 0.19 0.40 ± 0.16 0.56 F1,36 = 0.6 

Birth to weaning  

Overlain 0.56 ± 0.20 0.16 ± 0.10 0.06 F1,36 = 3.0 

Total  1.00 ± 0.26 0.56 ± 0.18 0.14 F1,36 = 2.5 
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6.5      Discussion 

Experiment 1 

In the present study, feeding supplemental tryptophan to late gestation gilts had no effect on 

the plasma cortisol stress response to snare restraint. While no other studies have 

investigated the effect of supplemental tryptophan on the cortisol response of sows to a 

stressor in late gestation, to the author’s knowledge, the effect of increased dietary 

tryptophan on the behavioural and saliva cortisol response has been investigated in sows in 

early gestation (Li et al. 2011; Poletto et al. 2014). Dietary tryptophan was increased by 

approximately 2.3 times compared to a control diet for 3 days prior to and after mixing of 

sows and was found to reduce head-to-head knocking after mixing but had no effect on any 

other aggressive behaviours, injury score or saliva cortisol after mixing (Li et al. 2011). Poletto 

et al. (2014) found that feeding a tryptophan enriched diet for seven days in early gestation 

reduced sow aggression in group housing, but cortisol was not measured in this study. In 

contrast, increasing dietary tryptophan in the diet of young pigs has been shown to reduce 

the plasma cortisol response to stressors (Koopmans et al. 2005). Male grower pigs were 

given a diet with increased tryptophan for seven days and then exposed to a stressor, which 

was a social confrontation with a dominant pig. It was demonstrated that increased dietary 

tryptophan decreased the plasma cortisol concentration at 1 and 2 hours post the social stress 

and it decreased basal plasma cortisol concentrations (Koopmans et al. 2005).  

 

Unexpectedly, an increase in plasma cortisol was observed in the tryptophan group in the 

post but not pre-treatment test at 120 minutes post snare restraint. This increase in plasma 

cortisol at 120 minutes was not observed in either test in the control group. Therefore, this 

effect is likely a result of the tryptophan supplementation. At 120 minutes post snare restraint 
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it was noticed that the animals were becoming frustrated that they had not yet received feed, 

as the afternoon feed was delayed until after the testing had finished. The tryptophan 

supplementation may have caused the sows to become more aroused when the afternoon 

feed was delayed compared to the control group, however, behavioural measures were not 

taken in this study to confirm this. Increased behavioural activity has been described in sows 

that received tryptophan supplementation. Poletto et al. (2014) reported an increase in 

exploratory behaviours (nosing and rooting) and standing behaviour in early gestation sows 

that received supplemental tryptophan compared to sows that did not. A similar effect has 

also been observed in horses (Bagshaw et al. 1994). When horses were exposed to isolation 

stress, those that were given supplemental tryptophan had a higher heart rate and were more 

active (performed more walking alert behaviour) than horses that were not given 

supplemental tryptophan (Bagshaw et al. 1994). The increase in behavioural activity could 

have caused the rise in plasma cortisol, hence, further investigations should avoid procedures 

that may cause increased behavioural activity. 

 

Experiment two 

The results of this study indicate that providing supplemental dietary tryptophan to sows 

reduced the performance of stereotypic behaviour, but did not affect any other measures of 

sow behaviour or plasma cortisol prior to and during farrowing. In early lactation there was 

trend for sows fed a diet with supplemental tryptophan to spend less time standing, more 

time laying on their side, perform less posture changes and have a lower plasma cortisol 

concentration.   

A number of studies have demonstrated that confinement during the pre-partum period, 

when sows are motivated to nest build, can elicit a stress response, indicated by an increase 



116 
 

in cortisol concentration and stereotypic behaviour (Jarvis et al. 2002; Lawrence et al. 1994). 

The current results indicate that providing supplemental tryptophan did not alter the cortisol 

response of the sow during the pre-partum and farrowing period. The plasma cortisol results 

of the current study over the pre-partum period are similar to that of what Jarvis et al. (2001) 

found for sows housed in farrowing crates.  However, Jarvis et al. (2001) found that plasma 

cortisol was lower when sows were housed in pens. Hence, supplemental dietary tryptophan 

does not appear to be as effective at reducing stress responses in sows over the pre-partum 

period compared to loose housing the sow.  

 

Tryptophan is associated with better adaption to stress and calmer behaviour (Koopmans et 

al. 2005), hence, it was expected that tryptophan supplementation to the sow would thus 

result in improvements in piglet survival by two means. Firstly, reducing the stress response 

prior to and during farrowing is thought to improve farrowing performance (Oliviero et al. 

2008) by reducing farrowing durations. As mentioned above, the current results indicate that 

feeding supplemental tryptophan had no effect on the stress response around farrowing, and 

this would explain why no difference in farrowing duration or stillborn number was observed. 

Secondly, if sows are calmer during farrowing and early lactation they may be less likely to 

overlay piglets. There was a tendency for tryptophan sows to change posture less and spend 

more time lying down in the 2-4h post-partum and the plasma cortisol was lower at 24h, 

which indicate that the sows supplemented with tryptophan were calmer and less responsive 

to stressors during the 24h post-partum. Tryptophan has been reported to have sedative like 

effects and be effective at improving sleep in humans (Lieberman 2003) and therefore, could 

have similar effects on sow’s. However, this did not result in a reduction in piglet mortality in 

the 24h postpartum. Interestingly, sows fed supplemental tryptophan did tend to overlay less 
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piglets from birth to weaning. As the supplemental tryptophan was fed until day 3 post-

partum, the effect of tryptophan on the behaviour and stress response of the sow observed 

within the first 24h post-partum could have continued, which could explain the reduction in 

overlay mortality from birth until weaning. However, no measures of sow behaviour or 

plasma cortisol were taken after 24h post-partum in the current study, hence, further 

investigation into the effect of tryptophan supplementation on the behaviour of the sow in 

early lactation is required. Alternatively, the improved survival may be due to the 

improvement in growth over lactation in tryptophan piglets, particularly the low birth weight 

piglets. The low birth weight piglets in the tryptophan treatment gained more weight over 

lactation, which may indicate that they were more viable piglets and hence, less susceptible 

to being overlain. The improved growth rates in the low birth weight piglets but not middle 

range birth group in the tryptophan treatment was unexpected. Dennis et al. (2014), 

demonstrated that piglets that died before 48h post-partum had lower umbilical blood 

serotonin concentrations at birth, suggesting serotonergic dysfunction. As tryptophan is the 

precursor of serotonin, the tryptophan supplemented to the sow in the current study could 

have affected the serotonergic system of the piglet either prior to birth through the placenta, 

or post birth through the sow’s milk. With this effect being most beneficial to the low birth 

weight piglets. However, Dennis et al. (2014), could not detect a difference in umbilical blood 

tryptophan between the treatments. Tryptophan supplementation to the sow may have 

beneficial effects on piglet growth and survival, but no measures of tryptophan or serotonin 

in the piglet were taken in this study and hence further research is required to support this 

and to determine the mechanisms involved. 
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6.7      Conclusion 
 

In conclusion, feeding supplemental tryptophan had no effect on the plasma cortisol response 

or behavioural response to stress in late gestation and during the pre-partum and farrowing 

period in sows. Supplemental tryptophan it did reduce plasma cortisol 24 hours post-partum 

and increase the time the sow spent lying on the side. Therefore, providing supplemental 

tryptophan in the diet of sows may make sows less responsive to stressors in early lactation, 

which may lead to reductions in piglet overlay mortality. Further investigations are required 

in determining the effect of tryptophan supplementation on sow behaviour in lactation and 

the effect this may have on piglet survival and growth. 
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CHAPTER Six 

General Discussion 
 

Currently, the farrowing crate is the main form of housing for sows during farrowing and 

lactation, primarily due to its ability to reduce pre-weaning piglet mortality. The farrowing 

crate works to reduce piglet mortality by confining the sow so that they have restricted 

movement, which in turn reduces the risk of the piglet being overlain by the sow. However, 

the restrictive environment of the farrowing crate has led to welfare concerns for the sow as 

it limits the performance of nest building behaviour, which can lead to increased stress 

responses. A number of studies have investigated the use of alternative housing systems to 

improve the welfare of sow during farrowing and lactation, but often these systems result in 

an increase in piglet mortality. Furthermore, investigations into ways to reduce sow stress 

during this period may not only be important for the welfare of the sow but may also improve 

sow performance during farrowing and into lactation and lead to improvements in piglet 

survival and performance.  

 

Reducing confinement has been demonstrated to facilitate the performance of nest building 

behaviour prior to farrowing in sows (Thodberg et al. 2002a; Damm et al. 2003; Andersen et 

al. 2014). In contrast, the findings from Chapter 3 demonstrate that reducing confinement of 

the sow during this period does not result in an increase in nesting behaviour compared to 

sows that are confined. The contrasting results may be due to the differences in the 

environment, as, the above mentioned studies all supplied nesting material to the sow as well 

as reducing confinement, while the studies in this thesis did not provide nesting material. 

Andersen (2014) demonstrated that during the 12 hours prior to parturition gilts in pens spent 
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approximately 148 minutes engaged in nest building behaviour. Therefore, the pre-partum 

environment provided in the studies in this thesis was likely not adequate to meet sow 

behavioural needs. The studies in this thesis did not to use straw as the majority of Australian 

pig production systems use slatted flooring which does not allow for the use of straw and 

hence, the findings of the studies in this thesis are relevant for Australian pig producers. 

However, as nesting material is likely important in the performance of nest building 

behaviour, further investigation should be directed towards materials that can be used and 

are effective in Australian pig production systems. Another important detail to note is that 

the observed time for nesting behaviour in Chapter 2 was only 5 hours prior to birth of the 

first piglet and in chapter 5 it was only scam sampling 6 hours prior to the birth of the first 

piglet. Therefore, the behavioural observation time and procedure may have been sufficient 

enough to capture the true nesting behaviour of the sow. This is supported by Castrén et al. 

(1993) found that the greatest frequency of nest building behaviour occurred at six to twelve 

hours prior to parturition, and then gradually decreasing towards parturition. Similarly, Damm 

et al. (2003), found that peak nest building behaviour occurred at 7.5h pre-partum.  

 

An increase in live born piglet mortality is one of the main concerns regarding the commercial 

adoption of alternative housing systems during farrowing and lactation. The findings from 

Chapter 2 validate this concern, because reducing sow confinement during farrowing and 

after day 3 of lactation resulted in greater live born piglet mortality. However, it was also 

demonstrated that reducing sow confinement after day 7 of lactation similar piglet mortality 

is achieved compared to a sow confined in a farrowing crate until weaning. The findings from 

Chapter 4  suggest that reducing sow confinement can result in similar live born piglet 

mortality compared to sows that are confined. Therefore, this might suggest that the pen 
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used in Chapter 4 performed adequately and might provide evidence of reduced confinement 

systems achieving similar piglet mortality to confinement systems. However, unlike Chapter 

2, Chapter 4 did not include a control of a farrowing crate and had a much smaller sample size 

compared to Chapter 2, hence, it is hard to validate it commercially. Additionally, piglet 

mortality was only recorded until day 3 post-partum in Chapter 4, and while the majority of 

piglet mortality occurs from birth until day 3 post-partum, it is possible that differences in 

piglet mortality could have been observed if piglet mortality was recorded until weaning.  

While, the majority of the literature demonstrates that reducing sow confinement results in 

an increase in live born piglet mortality, a study investigating piglet mortality on commercial 

farms demonstrated live born piglet mortality did not differ between farms that used 

farrowing crates and farms that used farrowing pens (Weber et al. 2007). However, in that 

study, the individual farms only used either farrowing crate or pens and, hence, management 

systems were directed towards one housing system and not both. This may also explain why 

Chapter 4 demonstrated no difference in piglet mortality between the housing treatments, 

as only a swing-side pen was used compared to Chapter 2 where both farrowing crates and 

swing-side pens were used. Additionally, in Chapter 4 any potential influence of the housing 

system environment (besides whether the sow was confined or not) was removed as only a 

swing-side pen was used, while in Chapter 2 the environment differed between the farrowing 

crate and swing-side pen for the piglets. Therefore, the environment the piglet experiences 

in the swing-side pen compared to a farrowing crate is different and likely influences piglet 

survival. Additionally, the size of the swing-side pen in Chapter 2 (6.02m2) was larger than the 

pen used in Chapter 4 (5.04m2). In Chapter 2 the larger pen size may make it more likely for 

piglets to become chilled and consequently crushed. Therefore, it needs to be considered that 
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differences in the environment that the piglet experiences likely influences piglet survival, not 

just if the sow is confined or not.  

 

It was expected that providing the sow with an adequate environment to promote maternal 

behaviours and reducing the stress response to reduce restlessness behaviours in sows would 

improve piglet survival. In Chapter 3 it was demonstrated that reducing sow confinement lead 

to an increase in sow-piglet interactions, but this did not correlate with an increase in piglet 

survival. However, when sows are more motivated to interact with piglets they may be more 

likely to change posture so that they are capable of interacting with piglets. Interestingly, 

while not significant, in Chapters 3 and 5 sows that had reduced confinement or were fed 

tryptophan performed more posture changes during farrowing compared to sows that were 

confined and fed standard diets. However, an increase in the performance of posture changes 

is not considered to be beneficial to piglet survival as it can increase the risk of the piglet being 

overlain. In fact, it was expected that the treatments investigated in this thesis would reduce 

restlessness in the sow. Therefore, providing the sow with an adequate environment and 

reducing the stress response may motivate and allow the sow to interact with piglets during 

farrowing, but this might result in sows performing more posture changes, which could in 

turn be detrimental to piglet survival.  

 

Confinement around the farrowing period elicits an increased stress response in the sow 

(Lawrence et al. 1994; Jarvis et al. 1997), which not only impacts sow welfare but is thought 

to negatively affect the farrowing process causing an increase in stillborn piglet mortality. In 

Chapter Two a reduction in inter-piglet birth intervals and stillborn number was observed 

when sow confinement was reduced. This is in contrast to Chapter 4, which demonstrated no 
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difference in inter-piglet birth intervals and stillborn number when sow confinement was 

reduced. In the literature, the effect of sow confinement on stillborn rate is also contrasting, 

with some authors demonstrating a reduction ( Oliviero et al. 2010; Gu et al. 2011) and others 

demonstrating no difference (Fraser et al. 1997; Weber et al. 2007). Oliviero et al. (2010) 

investigated the effect of environmental and sow related factors on farrowing duration and 

demonstrated that housing a sow in a farrowing crate increased farrowing duration compared 

to sows housed in pens. However, it was also demonstrated that sow back fat average and 

constipation index of the sow were correlated with the duration of farrowing and put the 

piglet at a greater risk of being stillborn ( Oliviero et al. 2010). Additionally, the fear level of 

sows towards humans (Hemsworth et al. 1999), human assistance during the farrowing 

process (Cozler et al. 2002) and sow parity and litter size (Vanderhaeghe et al. 2010) can also 

influence the risk of a piglet being stillborn. Therefore, stillborn rate is influenced by a number 

of factors in general, which likely explain the contrasting results. The findings in Chapter 5, 

also support this idea, as the lowest stillborn numbers were observed in this study compared 

to all the findings in this thesis, and all of these sows were housed in farrowing crates. 

Therefore, reducing confinement of the sow can lead to reductions in farrowing durations 

and consequently reduce stillborn rate, but the effect on stillborn rate is multi-factorial. 

However, even if reducing sow confinement does lead to a reduction in stillborn number, it 

still needs to be considered weather this reduction can outweigh the increase in live born 

piglet mortality as a result of reduced sow confinement and the results from Chapter 2 

indicate that this is not the case. Alternatively, if reducing sow confinement can lead to 

improvements in piglet growth this could outweigh the cost of the increase in piglet mortality. 

But no data in this thesis demonstrates that reducing sow confinement improves piglet 

growth.  



124 
 

 

While the results of chapter 2 demonstrated that reduced confining the sow during farrowing 

and early lactation can achieve similar piglet survival to a standard farrowing crate, this 

requires the sow to be confined on entry to farrowing accommodation and hence still limits 

the performance of nest building behaviours. However, knowing that confinement is essential 

in the early period, Chapter 5 investigated the use of supplemental dietary tryptophan to 

improve the welfare of confined sows. However, one downfall of this chapter is that it did not 

have a loose housing system as control group to compare to. Cronin et al. (1991) reported 

that loose housing decreased plasma cortisol in the pre-partum period compared to a 

farrowing crate, while Chapter 5 demonstrated no difference in pre-partum plasma cortisol 

between the treatments. This might suggest that tryptophan supplementation may not be 

able to improve the welfare of the sow to the same extent as a loose housing system that 

allows nesting behaviour, however further investigation is required. Regardless, the 

tryptophan treatment resulted in lower overlay piglet mortality and lower cortisol at 24h 

post-partum in sows compared to no tryptophan supplementation and hence, may have 

some benefit for sow and piglet welfare.  

 

In conclusion, the data from this thesis has demonstrated that sows only need to be confined 

in a swing-side pen until day 7 of lactation to achieve similar piglet mortality until weaning 

compared to sows that are confined in a farrowing crate for the entire lactation. During early 

lactation, when sow confinement is critical, the use of dietary tryptophan supplementation 

to sows can reduce the stress response and reduce restlessness behaviour of the sow in a 

farrowing crate compared to sows that are fed a standard diet.  
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