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Effect of temporary crating on maternal behaviour and 

piglet mortality 

 
 
Summary:  
     Temporary crating is an alternative housing system for lactating sows and their piglets that 
was created in order to improve sows’ welfare. Sows in temporary crating are confined only for 
a short time interval (since the end of gestation period until approximately first 3 days post-
partum) to minimise piglet mortality during this critical period. It is not clear whether there is 
a change in maternal behaviour of sows after crate opening. Specifically, whether there is 
a higher incidence of piglet trapping events during the performance of sow’s postural changes 
after crate opening. The aim of this diploma thesis was to compare temporary crating system 
and permanent crating system with the focus on how the opening of a hinge farrowing crate 
affects sow’s postural changes which could create life threatening situations for the piglets and 
potentially increase piglet mortality. Moreover, piglet trapping events, piglet vocalisation 
during these events and subsequent sow’s responsiveness toward these piglet crush calls as a 
part of sow maternal behaviour repertoire were studied to bring more results which could, 
hopefully, persuade farmers into implementation of this type of housing in pig husbandry. 
Temporarily crated sows (n = 8) were crated since the end of their gestation period until day 4 
post-partum. Behaviour of these sows was recorder over a 24 h period, both preceding and 
following the opening of a hinge farrowing crate, creating a 48 h long continuous recording. 
Permanently crated sows (n = 7) were crated since the end of gestation until weaning of their 
piglets. Behaviour of permanently crated sows was recorder over a 48 h period, starting on day 
3 and ending on day 5 post-partum. The following behaviour was analysed 24 h after crate 
opening in both housing systems: the number of sow’s postural changes such as standing up, 
lying down (duration, the use of pen support, piglets in danger zone), rolling behaviour and 
piglet trapping events (sow’s reaction towards piglet vocalisation after trapping event). All data 
were analysed using SAS. Temporarily crated sows performed more postural changes such as 
standing-to-lying, sitting-to-lying, and rolling compared to permanently crated sows 24 h after 
crate opening. Temporarily crated sows used the slope wall less frequently once the crate was 
opened compared to permanently crated sows, however, they still preferred some kind of 
support, such as rails, while lying down. Increased number of postural changes did not increase 
the occurrence of trapping events. Results of our experiment show that opening of a farrowing 
crate significantly affects sows’ behaviour but does not threaten the safety of piglets, in fact, 
temporary crating might have a positive effect on the welfare of sows and their piglets. 
      
 
Keywords: pig, sow, piglet, temporary crating, pen, maternal behaviour, postural change, 

trapping, mortality, vocalisation, welfare
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1 Introduction 
      The domestication of pigs occurred between 8500 to 8000 BC (Caliebe et al. 2017) and 
although the natural behaviour of domestic pigs (Sus scrofa domesticus) is still very similar 
to their wild relatives – wild boar (Sus scrofa), animal husbandry has throughout the 
evolution of mankind undergone many changes.  
      The most drastic changes were implemented into pig husbandry in 1960s, when with the 
aim of space requirements reduction, maximisation of profit thanks to better production 
performance, decrease in labour required to maintain hygiene and reduction of piglet 
mortality, conventional crating system of sows was introduced (Edwards & Fraser 1997; 
Baxter et al. 2011; Goumon et al. 2022). In this type of housing system, sows are crated since 
farrowing and throughout lactation, unable to move and perform their natural repertoire of 
behaviour (Baxter et al. 2011). Although this type of housing is still very popular among 
farmers, it is connected to considerable amount of welfare issues.  
     A new alternative to the conventional permanent crating of sows could be the temporary 
crating system, in which sows are confined only during a short period of time, usually few 
days before farrowing until approximately the third day post-partum, and afterwards are 
given the opportunity to move freely in the pen area (Goumon et al. 2022). This new type of 
housing system takes into consideration the natural behaviour of sows and tries to implement 
the change in pig husbandry for the improvement of sows’ as well as piglets’ welfare and 
moreover, it tries to meet the requirements of farmers (Goumon et al. 2018). As a result, this 
type of housing system might represent a compromise between the needs and goals of 
farmers and the needs and welfare of sows and their piglets. 
       However, farmers are still hesitant, mostly due to the fear of lower piglet weight gain 
and high piglet mortality which could be caused by an increase in crushing events once the 
sow can move freely in the pen. Although several papers have studied this area, many results 
are contradictory and therefore, there is still a need for further research. 
      This diploma thesis therefore compares the temporary crating system and the permanent 
crating system with the focus on how the crate opening affects sow’s postural changes which 
could create life threatening situations for the piglets and potentially increase piglet 
mortality. Moreover, piglet trapping events, piglet vocalisation during these events and 
subsequent sow responsiveness toward these piglet crush calls as a part of sow maternal 
behaviour repertoire will be studied to bring more results which could, hopefully, persuade 
farmers into implementation of this type of housing in pig husbandry. 
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2 Scientific hypotheses and aims of the thesis 
     The aim of this diploma thesis is to compare two different housing systems, specifically 
the permanent crating system with the temporary crating system 24 hour after crate opening, 
and their effect on the number of sows’ postural changes, piglet trapping events and sows’ 
reaction to piglet vocalisation during a trapping event.  
 
     The following hypotheses will be studied: 
 
H1a: Sows in temporary crating perform more postural changes after crate opening than 
permanently crated sows. 
H1b: Higher number of postural changes in temporary crating after crate opening might 
cause more piglet trapping events. 
 
H2: Sow’s reaction to piglet vocalisation will be faster in temporary crating after crate 
opening thanks to better mobility in the pen area. 
 
H3a: Temporarily crated sows use the slope wall less often during lying down 24 hours after 
crate opening than permanently crated sows. 
H3b: The decrease in the use of slope wall in temporarily crated sows 24 hours after crate 
opening is compensated by the increased use of other pen support during lying down. 
 
H4:  Temporarily crated sows are after crate opening more likely to lie down near the nest 
with a higher percentage of piglets in the nest. 
 
H5: The proportion of fatal trapping events in both housing systems will not significantly 
differ.  
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3 Literature research 

3.1 Maternal behaviour of sows 

Wild boars (Sus scrofa) are very intelligent and secretive animals and in natural 
conditions create small sounders that are usually formed from several sows and their young 
offspring, creating so called family groups (Poteaux et al. 2009; Allwin et al. 2016) with 
single males living in the periphery (Jensen 1986). Domesticated pigs (Sus scrofa domestica) 
released into semi-natural conditions reorganise themselves into small groups and express 
typical rooting and foraging behaviour (Jensen 1986; Gabor et al. 1999) as their wild 
relatives. Moreover, not even maternal behaviour was significantly altered by domestication 
process (Gustafsson et al. 1999; Špinka et al. 2000; Wischner et al. 2009), and therefore we 
can see many parallels between behaviour performed by domestic sows (Sus scrofa 
domestica) and their wild counterparts (Sus scrofa) (Allwin et al. 2016). 

 

 
Picture 1 Sounder of wisayan warty pig (Sus cebifrons) in semi-natural conditions in ZOO 
Bratislava (Simanová 2018). 

3.1.1 Nest-building behaviour 

The pre-partum period of sows belonging to the Suidae family is characterised by the 
construction of a farrowing nest. Approximately 15 to 24 hours prior to farrowing the sow 
separates herself from the herd and in order to find a suitable farrowing place, sow can walk 
between 2.5 to 6.5 km. The wandering and investigation are followed by the initial phase of 
nest-building behaviour during which the sow builds a 1.5 m long, 0.5 m wide and 10 - 15 
cm deep nest (Jensen 1986). Controlled by internal factors, the initial phase consists of 
nosing, rooting, and pawing the soil. The subsequent phase of nest building and its 
arrangement is affected by external factors such as protection from adverse weather 
conditions (Jensen 1988; Wischner et al. 2009). The material for nest-building consists 
mostly of grass, marsh grass and other soft materials (Hanson & Karstad 1959; Jensen & 
Recén 1989) and can be carried from the distance of 6 to 10 m (Hanson & Karstad 1959).  

As mentioned above, nest-building behaviour is affected by hormones. According to 
Castrén et al. (1993), it is the increase of prolactin concentration that initiates the nest 



10 

building behaviour, and the subsequent increased level of oxytocin ends the performance of 
this behaviour. 

 

 
Picture 2 Sow carrying material for nest-building (Simanová 2022). 

3.1.2 Parturition and nursing  

     The parturition in sows takes place after 115 days of gestation, but gestation time may 
vary between breeds and individuals with the actual time frame ranging from 105 days to 
125 days (Sasaki & Koketsu 2007). In 1966, the average observed parturition time was 2.53 
h (Jones 1966), however, nowadays the average time of farrowing increased to 3.58 h (Hoai 
Nam & Sukon 2020) due to the increased litter size (Walls et al. 2022). Besides the litter size 
it is also the number of stillborn and mummified piglets that greatly affects the length of 
parturition (Hoai Nam & Sukon 2020), with stillborn piglets having increased birth time 
interval compared to liveborn piglets (Van Dijk et al. 2005). 
    
     Right after the piglet is born the intake of immunoglobulin rich colostrum (Klobasa et al. 
1987) and subsequently milk is required for its survival. Piglets immediately move to the 
udder, and it takes approximately 10 to 80 minutes until their first suckle (Bunger 1985; 
Damm et al. 2002; Pedersen et al. 2003). The “teat order” or the preference of a certain teat 
or a pair of teats is gradually formed during the post-partum period and nursing from the 
preferred teat becomes more stable as the piglets age (McBride 1963; Hemsworth et al. 1976; 
De Passillé et al. 1988; Mason et al. 2003). According to Skok and Škorjanc (2013) the teat 
order stability increased after the first week post-partum and remained at the same level 
during lactation with the highest stability at the anterior and posterior pair of teats, because 
these teats are most easily defended. Furthermore, piglets reflect sow’s postural change and 
always remain at the same teat relative to their mother’s head or tail (Skok & Škorjanc 2014).  
        
      Lying down with exposed udder, sow initiates nursing with slow grunts which triggers 
jostling for position between piglets and subsequent nursing phases: pre-massage which 
consist of nosing the udder and slow sucking; milk let-down characterised by sucking with 
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rapid mouth movement; and post-ejection massage recognised by the return to slow sucking, 
nosing and eventually leaving the udder or falling asleep near the sow (Whittemore & Fraser 
1974; Fraser 1980).  
     The pre-massage effects the release of oxytocin which then starts approximately 10 – 20s 
long period of milk flow (Fraser 1980). To provide piglets with required amount of milk, 
nursing is repeated every 40 – 60 minutes (Hartmann et al. 1997). However, up to 30% of 
nursings do not result in milk let-down (Newberry & Wood-Gush 1985, Illmann & 
Madlafousek 1995). During these non-nutritive nursings, udder exposition and rhythmical 
grunting of sow is followed by piglet pre-massage behaviour, but sow’s grunting does not 
increase, piglets do not display the rapid mouth movement and they do not receive any milk 
(Illmann & Madlafousek 1995; Illmann et al. 1999). 
      The post-ejection massage observed after the milk ingestion was because of its aspects 
compared to the honest begging in birds (Jensen et al. 1998) and it has been suggested that 
the massage of a certain teat could stimulate its future milk production (Algers & Jensen 
1991; Špinka & Algers 1995; Jensen et al. 1998). This hypothesis was validated by results 
of King et al. (1997) and Skok and Škorjanc (2013) who confirmed that milk production is 
indeed affected by the demand of piglets and the intensity of mammary gland stimulation 
and as a result, bigger and heavier piglets have higher milk intake during lactation period 
(Skok & Škorjanc 2013). 

3.1.3 Sow – piglet communication 

     The communication between sow and her piglets is an important component of bonding 
and is manifested through nasal contact (sniffing, nudging) and grunting (Jensen & Redbo 
1987) which is often used to gather piglets for the upcoming nursing (Grimberg-Henrici et 
al. 2017). During the first days post-partum, piglets tend to stay in the proximity to their 
mother because of benefits such as source of milk, heat and protection (Melišová et al. 2011). 
This need for closeness can create potentially high-risk situations of being crushed by their 
mother while lying down or during the performance of other postural changes. Interestingly, 
sow communication with piglets can prevent piglet mortality as stated in Ocepek and 
Andersen (2018) and the performance of piglet directed pre-lying behaviour could prevent 
piglet crushing since as seen in Marchant et al. (2001), dangerous events connected with 
lying down behaviour were seen during occasions, in which no pre-lying behaviour was 
present. 
     The pre-lying behaviour can be classified as a form of mother-piglet communication 
which should alert the piglets and inform them about sow’s upcoming postural change. 
During the pre-lying behaviour, sows manifest sniffing, looking around and nosing 
(Wischner et al. 2010), making eye contact with the piglets, rooting, or pawing the floor 
(Marchant et al. 2001; Valros et al. 2003) and then descent vertically or laterally (Blackshaw 
& Hagelso 1990; Marchant et al. 2001). 
 
     A significant increase in sow aggressive behaviour was seen during the post-partum 
lactation period and slightly more aggressive maternal behaviour was observed in connection 
to suckling (Jensen 1988). Moreover, gilts are more likely to perform aggressive behaviour 
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towards their offspring than sows that had litters in the past. This aggressive behaviour, 
known as savaging, can be observed as a deliberate attack on a piglet e.g., by biting, resulting 
in piglet’s death (Marchant-Forde 2002; Chen et al. 2008). However, as suggested by Chen 
et al. (2008) this behaviour may not be explicitly piglet directed and it is possible that it is a 
part of other behavioural pathology. 

3.1.4 Postural changes 

In the initial farrowing period, sows are more active, perform more postural changes 
and investigate their piglets, but the occurrence of this behaviour and their activity 
subsequently decreases (Jarvis et al. 1999; Thodberg et al. 2002; Pedersen et al. 2003; 
Johnson & Marchant-Forde 2009). Shortly after farrowing, sows mostly lie in lateral 
recumbency with rapidly decreased responsiveness to their piglets (Jarvis et al. 1999; 
Pedersen et al. 2003). This decrease in activity in the early post-partum period is probably a 
way of protecting piglets from trapping events and crushing, as well as enabling them easy 
access to sow’s udder and the warmth from her body (Pedersen et al. 2003). As stated by 
Pedersen et al. (2003), the ensuing increase in sow’s responsiveness is connected to the 
increase in activity approximately 10 hours post-partum and it seems to be connected to 
more organised nursing patterns. Even so, post-partum period is characterised by sow’s 
inactivity which lasts approximately 72 hours (Nicolaisen et al. 2019). 
     According to a study by Jensen (1986), sows’ frequency of foraging and locomotion 
activity increased between the first and the fourth week post-partum. This corresponds with 
the fact, that sows spend first two to three days in their nest with piglets, then begin to forage 
closer to their herd and approximately ten days post-partum eventually abandon the nest and 
lead the piglets to the sounder (Johnson & Marchant-Forde 2009). 

3.1.5 Sow responsiveness toward piglet vocalisation 

    A piglet trapping event is a life-threatening situation for the trapped piglet and is 
accompanied by loud vocalisation. According to Weary and Fraser (1995), piglet screams 
are a form of honest signalling known in the communication in the animal kingdom. Illmann 
et al. (2013) analysed distress vocalisation in piglets during a trapping simulation 
experiment. They (Illmann et al. 2013) observed increased vocalisation in younger and 
lighter piglets compared to older and heavier piglets and confirmed the application of honest 
signalling of need to trapping events. As stated in Weary et al. (1996a), vocalisation of a 
piglet in need is of a higher rate and frequency compared to comfortable piglets and as a 
result, sows show stronger response to the piglets in need. Duration of a trapping event has 
an impact on the survival of a trapped piglet, thus according to results of Weary et al. (1996b) 
piglets generally survive a trapping event if the sow responds within 1 minute.  
     Loud piglet vocalisation also often occurs during piglet competition at the udder (Algers 
& Jensen 1985; Illmann et al. 2008). As suggested in Appleby et al. (1999), piglets use these 
loud calls to signal their mother sow they are being excluded from the current nursing 
episode. There are similarities between sow responsiveness to piglets’ screams during 
fighting at the udder and during piglet trapping events, however, sows’ reaction to fighting 
vocalisation is lower than the one that occurs during a trapping event (Illmann et al. 2008).  
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3.2 Farrowing crates and their effect on welfare 

     The conventional crating system of sows and their piglets has been developed in 1960s 
to maximise profit, minimise labour required to maintain hygiene and eliminate piglet 
mortality (Goumon et al. 2022) by controlling sows’ postural changes after farrowing 
(Baxter et al. 2018). The floors of this housing system are partially or fully slatted and sows 
with their litters utilise crate space of approximately 1.23 m2 that is situated within 3.6 – 4.6 
m2 crate (Baxter et al. 2018). It has been stated that approximately 95% of sows in the 
European Union, 83% in the USA, 70% in the United Kingdom are crated during farrowing 
as well as during the whole period of lactation (Johnson & Marchant-Forde 2009). This 
conventional type of housing not only restricts sow’s ability to move, but it also prevents 
sows from the manifestation of their natural repertoire of behaviour, and as a result, this 
restrictive housing system gave rise to many welfare concerns (Baxter et al. 2011). 
     The inability to perform natural repertoire of behaviour such as the nest-building due to 
the lack of space or substrate leads to restlessness and frustration and is manifested through 
redirected nest-building behaviour such as pawing at the floor and bars of the crate and 
spending increased amount of time in oral activities such as bar-biting (Lawrence et al. 1994; 
Jarvis et al. 2001; Jarvis et al. 2002; Damm et al. 2003; Andersen et al. 2014; Yun et al. 
2015) since the rails are the only material available for oral manipulation (Hartsock & 
Barczewski 1997). Moreover, as observed by Oliviero et al. (2008) and Gu et al. (2011) no 
opportunity to express nest-building behaviour prolongs farrowing and altogether increases 
heart rate (Damm et al. 2003) and stress level in permanently crated sows (Lawrence et al. 
1994; Jarvis et al. 2001; Jarvis et al. 2002; Morgan et al. 2021; Plush et al. 2021). 
     Even though the farrowing crates were created to control postural changes and activity of 
sows, as stated in Andersen et al. (2014), permanently crated sows performed more quick 
flops when lying down after farrowing which is a high-risk situation for piglets. Furthermore, 
sows in conventional farrowing crates have limited contact with their litters, resulting in less 
sow-piglet interactions than in housing systems that enable free movement of sows (Chidgey 
et al. 2016; Singh et al. 2017).  
     Moreover, there is a higher risk of teat and limb lesions development in permanently 
crated sows compared to temporary or loose housed sows (Verhovsek et al. 2007; Ceballos 
et al. 2021). Equally important is the need of antibiotic or NSAIDs application, which 
according to Morgan et al. (2021) was higher in permanently crated sows and their piglets 
compared to sows and piglets housed in temporary crating. Thus, permanent crating impacts 
the physical health of sows as well as their piglets. 
     As a result of thorough scientific work and documentation of welfare issues connected 
with the permanent conventional farrowing crates, countries like Norway, Sweden and 
Switzerland have already banned the use of farrowing crates while New Zealand, Austria 
and Germany have announced their gradual withdrawal by 2025, 2033 and 2036, 
respectively (Goumon et al. 2022). 
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3.3 Temporary crating 

     The temporary crating of sows was developed as an alternative type of housing system 
that allows sows to move freely in a pen after crate opening that takes place few days after 
parturition (Chidgey et al. 2016; King et al. 2019; Goumon et al. 2022). Sows in temporary 
crating are confined only for a short period of time (usually few days before farrowing until 
the first 3 days post-partum) to control their postural changes and as a result minimise piglet 
mortality by crushing during this critical period. 
     Similar to sows in natural and semi-natural conditions, sows housed either in permanent 
or loose housing system remain mostly inactive during the first days post-partum (Hales et 
al. 2016). It is therefore most probable, that housing sows in crates during a short period of 
time post-partum and then enabling them free movement in a pen, would have less negative 
impact on their welfare compared to the farrowing crates. 

3.3.1 Activity level  

     When studying the effect of crate opening on general activity level of temporarily crated 
sows, some authors observed increased activity after crate opening (day 3 – day 10) in 
temporarily crated sows compared to control group housed permanently (Berensmann et al. 
2018; Goumon et al. 2018; King et al. 2019; Ceballos et al. 2020). However, others 
(Lambertz et al. 2015; Chidgey et al. 2016) found no difference in sows’ activity level 
between temporary and permanent housing systems after crate opening (day 4 – day 7/ day 
14). In addition, Höbel et al. (2018) observed more careful lying down behaviour in 
temporarily crated sows than in permanently crated sows.  
 
     Comparing temporarily crated sows with permanently crated control group, increase in 
motivated or explorative behaviour after crate opening was also observed (Chidgey et al. 
2016; Ceballos et al. 2020; Loftus et al. 2020). The increased exploration could be a result 
of the novelty effect which was discussed in the study by King et al. (2019), where change 
in sows’ behaviour was observed after crate opening, however, the performed behaviour 
during the following day was analogous to the one seen during pre-opening period. As a 
result, they suggested, that behavioural changes seen after crate opening might be due to the 
novelty of no confinement. 
     Once temporarily crated sows and piglets had the opportunity to use the whole pen area 
after crate opening, more sow-piglet interactions were observed than in permanently crated 
group (Chidgey et al. 2016; Singh et al. 2017; Ceballos et al. 2020; Loftus et al. 2020). On 
the contrary, King et al. (2019) found no difference in the number of sow’s sniffing of the 
piglets when comparing periods before and after crate opening in temporary housing system. 

3.3.2 Effect of housing system on sow responsiveness to piglet calls 

     As stated before, a piglet trapping event is often accompanied by piglet vocalisation. The 
vocalisation of younger and lighter piglets tends to be stronger in comparison to vocalisation 
observed in older and heavier piglets (Illmann et al. 2013). Even though sows are mostly 
inactive during the first 24 hours post-partum, they are still highly responsive to the piglet 
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vocalisation (Illmann et al. 2008). When they are housed in farrowing crates (Illmann et al. 
2008) or in a loose housing system (Chaloupková et al. 2008), sows respond to piglet 
vocalisation during a trapping event or piglet competition for teats by performing a postural 
change. Melišová et al. (2014) found no difference in sows’ reaction to real piglet crush calls 
between sows housed in pens and crates during the first three days post-partum. However, 
they (Melišová et al. 2014) as well as Singh et al. (2017) observed a higher probability of 
sow’s response toward playback sound of a screaming piglet when housed in a pen than in 
a crate. On the contrary, relatively lower responsiveness to playback screams was seen in 
loosely housed sows (Chaloupková et al. 2008). Many authors hypothesised, that different 
response toward playback may be caused by different acoustical structure of the recorded 
piglet vocalisation. This was also supported by Chapel et al. (2018) who found out that 
trapped piglets have deeper calls than restraint ones, therefore, to bring unbiased results, 
maternal responsiveness toward piglet crush vocalisation should be tested only with 
recordings of trapped piglets. 

3.3.3 Sow lie-down strategy 

     Compared to the very limited options of permanently crated sows, temporarily crated 
sows are given the opportunity to utilise the whole pen area after crate opening. When 
studying high-risk sow behaviour in group farrowing system, Marchant et al. (2001) labelled 
sow’s lying down behaviour in the middle of the pen with the use of no support and situation, 
when sow was lying down in the pen while being surrounded by her piglets as two of four 
dangerous events that could result in a piglet crushing event. However, Höbel et al. (2018), 
observed more careful lying down behaviour performed by sows in farrowing pens than 
those in farrowing crates. Moreover, support features that could be used by the sow while 
lying down could also increase the safety of piglets that are spread out around the descending 
sow.  
     In order to motivate sows to use support while lying down, different support designs were 
tested e.g., plain/curved/multiple bar slope walls; rails or plain walls (Damm et al. 2006) to 
find the one, which would be preferred by sows. Results (Damm et al. 2006) showed no 
difference in sows’ preference for a certain slope wall type, however, it showed sows’ higher 
preference for either a plain wall or a plain slope wall rather than the use of farrowing rails 
while lying down. Moreover, sows showed preference for a certain spot in the pen, 
specifically, back wall of the pen regardless of the wall design. The importance of a support 
device in the pen was confirmed by Illmann et al. (2021) who observed the use of some 
support in 85% of the time during lying down after crate opening in temporarily crated sows. 
Furthermore, after crate opening, they (Illmann et al. 2021) saw an increased probability of 
sow lying down with a snout contact with piglets in the nest area, when higher percentage 
of piglets occupied it.  
     Taking all these results into an account, we can see that there are several factors affecting 
sow lie-down strategy and more research is needed to increase the safety of piglets while 
maintaining optimal welfare of sows and their piglets. 
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3.3.4 Piglet weight gain 

     Appropriate weight gain is a result of regular nutritive nursings. Comparing sow nursing 
behaviour in temporarily and permanently housed sows, Illmann et al. (2019) found no 
difference in the number of nutritive and non-nutritive nursings the day after crate opening 
and day 25, furthermore, no difference was observed in the nursing duration between 
temporarily and permanently crated sows shortly after crate opening (Pedersen et al. 2011; 
Chidgey et al. 2016; Singh et al. 2017). Interestingly, longer nursing episodes (Ceballos et 
al. 2020) with longer milk ejections were observed in temporarily crated sows (Pedersen et 
al. 2011) and altogether these sows spent more time performing nursing behaviour compared 
to permanently housed sows (Loftus et al. 2020). 
     Piglets housed with their mothers in temporary crating missed more milk ejections on 
day 11 and day 18 after crate opening (Singh et al. 2017) but no difference in the number of 
missed milk let-downs was observed on day 4 which was the day after crate opening (Singh 
et al. 2017; Illmann et al. 2019). Moreover, piglets tended to massage sow’s teats more 
actively after crate opening (Chidgey et al. 2017). 
 
     When comparing piglet growth of offspring from differently housed sows, lowest weight 
gain at weaning was seen in piglets from gilts born and reared in pens that farrowed in a pen 
than under other conditions used in the experiment (gilts born, reared in a crate, farrowed in 
a crate / gilts born and reared in a crate, farrowed in a pen) (Chidgey et al. 2016). However, 
while majority of papers (Salaün et al. 2004; Caille et al. 2010; Lambertz et al. 2015; 
Condous et al. 2016; Mack et al. 2017; Singh et al. 2017; Goumon et al. 2018; Höbel et al. 
2018; Spindler et al. 2018; Lohmeier et al. 2019; Choi et al. 2020; Loftus et al. 2020) found 
no difference in piglet body weight at weaning when comparing temporary and permanent 
housing system, there are observations of higher piglet weaning weight of piglets reared in 
temporary crating than of those reared in permanent crating (Farmer et al. 2006; Oostindjer 
et al. 2010; Pedersen et al. 2011; Chidgey et al. 2015; Nowland et al. 2019; Kinane et al. 
2021; Morgan et al. 2021).  

3.3.5 Piglet mortality 

     There are numerous causes of piglet mortality e.g., low viability, starvation, hypothermia, 
or diarrhoea, however, crushing is the most frequent cause of piglet deaths. Since the 
majority of liveborn piglet mortality occurs during the first 2 – 3 days post-partum with a 
subsequent decrease during the first week post-partum (Marchant et al. 2000; Kilbride et al. 
2012), permanent crating until weaning seems unreasonable from the perspective of 
minimising piglet mortality as well as from the perspective of sow’s welfare.  
     When comparing results of piglet mortality between temporary and permanently crated 
sows, different methodology of experiments must be taken into consideration. For instance, 
some authors (Caille et al. 2010; Chidgey et al. 2015) saw increased preweaning mortality 
in temporarily crated sows while Ceballos et al. (2021) found slightly higher mortality when 
the crate was opened on day 4 than on day 7 post-partum, but found no difference in total 
mortality when compared to permanently crated sows. Salaün et al. (2004) observed 
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increased mortality at the time of weaning after crate opening in temporarily crated sows 
compared to control group crated permanently, however, only when the sows were housed 
on slatted floor and did not see any difference in piglet mortality at weaning when the sows 
and piglets were housed on a straw bedding. Similarly, the majority of papers that compared 
temporary and permanent housing systems of sows show no difference in piglet mortality at 
the time of weaning (Pedersen et al. 2011; Lambertz et al. 2015; Chidgey et al. 2016; 
Condous et al. 2016; Singh et al. 2017; Höbel et al. 2018; Spindler et al. 2018; Lohmeier et 
al. 2019; Loftus et al. 2020; Choi et al. 2020; Kinane et al. 2021). 
     Piglet mortality of temporarily crated sows was lower when given into comparisson with 
loosely housed sows (Hales et al. 2015; Olsson et al. 2018) however, an impact of sow parity 
number on lower mortality was emphasized, showing that only sows during parity 3 and 4 
achieved previously stated results (Olsson et al. 2018).  
     Additionally, Morgan et al. (2021) found a positive correlation between the time of 
confinement and piglet mortality when comparing temporary and permanent housing 
system. They stated that the duration of the restraint period effected the number of weaned 
piglets, which was according to their results higher in temporarily crated sows than in 
permanently crated sows. 
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4 Methodology 
This experiment was carried out from December 2021 to November 2022 at the 

research farm of the Institute of Animal Science in Prague, Czech Republic. During the 
stated period, the experiment was divided into four segments. Duration of each individual 
segment was approximately one month.  

4.1 Animals 

     A total of 15 healthy Large White x Landrace sows marked with a number on their back 
as well as by an ear tag were used in this experiment. Sows were inseminated with Large 
White x Pietrain boar semen. The observed sows were either primiparous or multiparous, 
the average parity was 1.73 ± 1.49. Altogether 236 piglets (200 liveborn; 36 stillborn) were 
born during this experiment. At the beginning of the experiment the litter size among sows 
varied from 8 to 16 piglets (13.33 ± 2.58). During the first 3 days of their life, all piglets 
received an iron injection. To enable an easy identification of potentially dead piglets as well 
as for the weight control, all piglets were marked by a number on their back and by an ear 
tag on the fourth day post-partum during the weight check. None of the piglets in this 
experiment was either tail docked or teeth clipped.  
     Sows and piglets had ad libitum access to drinking water through two nipple drinkers. 
Sows were fed standard lactation diet twice a day and were given 3 kg of chopped hay once 
a day. 
 
Fig. 1 Histogram of the parity. 
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Fig. 2 Histogram of the litter size at the beginning of the experiment. 

 

4.2 Housing 

     All sows and their piglets were housed in a room containing four WELLUP farrowing 
pens. Thanks to the movable bars, the farrowing pens could be easily changed into a 
farrowing crate and vice versa. While in the farrowing crate, the sow could utilise 2.2 m2, 
the size of the farrowing pen after crate opening was 6 m2.  The nest area (part of the pen 
accessible only to the piglets) with the size of 0.8 m2 accommodated up to 12 – 14 piglets 
until the age of four weeks. The roof of the nest area was equipped with a heating lamp. 
     To protect the piglets during sow’s lying down behaviour, two walls were equipped with 
protection rails and one wall of the pen was equipped with a slope wall which could be used 
as a support by sows during lying down. The front part of the nest area was also protected 
by rails which had the function to protect the piglets from being crushed as well as enabled 
them to leave the nest area in situations when the sow blocked the entrance by her body. 
     All four WELLUP farrowing pens in this experiment had solid concrete flooring which 
was bedded with straw and were cleaned twice a day. 
 

 
Picture 3 Design of the WELLUP farrowing pen with a legend (Goumon et al. 2018). 
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Pictures 4 & 5 The WELLUP farrowing pens in the experimental room (Sekyrová 2020). 

4.3 Experimental design 

     Sows in this experiment were moved into the WELLUP farrowing pens at the end of their 
gestation. During farrowing, all sows were closed in the farrowing crates. According to the 
type of housing system used in the next stages of the experiment, two groups of sows were 
created: 8 TC sows (temporarily crated sows) and 7 PC sows (permanently crated sows). 
Recording of all sows started on day 3 post-partum and continued through day 4 and 5. The 
result was 48 h long video recording divided into two 24 h long periods (24 h before crate 
opening; 24 h after crate opening).  
     While PC sows stayed in the farrowing crate throughout the experiment, farrowing crate 
of TC sows was opened on day 4 and except for the nest area, sows were able to move freely 
in the WELLUP pen. The farrowing crates of TC sows were opened between 10 and 12 am. 
 

 
Picture 6 Timeline of the experiment. 
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4.4 Data collection 

     Behaviour of sows and their litters was continuously recorded during days 3, 4 and 5 
post-partum. To create a 48 h video recording an overhead CCTV camera (Panasonic CCTV, 
WV CP 470, Osaka, Japan) with NUUO software (IP Surveillance System, 
NVR/DVR/NVDR, Taipei, Taiwan) was used in each pen. Recorded data were afterwards 
analysed using Microsoft Excel 2022 sheet. In temporarily crated sows, postural changes 
were analysed during 24 h period before crate opening and during the immediate 24 h period 
after crate opening. The analysed video recording of postural changes of permanently crated 
sows was 48 h long and was as well divided into two 24 h long periods.  
 
                                 A                                                                     B 

  
Pictures 7 & 8 Screenshots of the video recording: A) permanently crated sow; B) 
temporarily crated sow in the pen 24 h after crate opening. 

4.5 Variables and definitions 

     All recorded data were analysed in an ethogram created in Microsoft Excel 2022. The 
ethogram was divided into 4 parts: general information, information about sow’s postural 
changes, information about piglet trapping event and information about piglet location. 

4.5.1 General information 

Table 1 General information.       

Variable Definition 
Type of the housing system Temporary crating / permanent crating. 
Date of the video recording Date of the day during which sow’s 

behaviour was recorded. 
Farrowing day Exact date of the farrowing. 
Sow ID Sow’s identification number marked on her 

back as well as on her ear tag. 
Parity Number of sow’s current parity. 
Litter size at birth Number of all piglets born (liveborn and 

stillborn). 
Current litter size Number of living piglets at the beginning of 

the experiment. 
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Pen number Number of the WELLUP pen in which the 
sow was placed. 

Phase Temporary crated sows:  
-24 h before crate opening  
-24 h after crate opening. 
Permanently crated sows: 
-24 h before crate opening: first 24hour 
period of the video recording of a 
permanently crated sow 
-24 h after crate opening: second 24hour 
period of the video recording of a 
permanently crated sow. 

 

4.5.2 Information about sow’s postural changes 

     Sow’s postural changes represent the main part of our data analysis. Lying down 
behaviour can be performed either from standing or sitting position, which was taken into 
consideration during analysis. Besides the lying down behaviour, rolling behaviour from one 
side to another or from belly to left/right side and vice versa was recorder in the ethogram 
as well as standing up behaviour. Standing up was influenced by many factors, therefore the 
reasons for standing up were also logged into the ethogram. 
     The design of the pen and pen features which could be utilised by sows as a support 
during lying down are of the major importance to prevent trapping events and piglet 
crushing. Therefore, use of support during lying down as well as the subsequent location of 
the sow in the pen was recorded during video analysis. 
 
Table 2 Information about sow’s postural changes. 

Variable Definition 
Time of standing up behaviour The exact time of standing up. 
Reason for standing up Reason why the sow stands up because of 

the factors in the area: 
Piglet noise in the pen – sibling 
competition, fighting, vocalisation, etc. 
Background noise out of the pen – noise 
from the surrounding area made by people, 
animals, or machines. 
Unknown – not defined / unknown. 

Start of lying down behaviour The exact time when the sow touched the 
ground with her forearm. 

End of lying down behaviour The exact time when sow’s posterior part of 
body touched the ground. 

Duration of lying down event Time measured since the sow touched the 
ground with her forearm until she placed 
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her posterior part of the body on the ground 
as well. 

Type of event Lying down - sow lies down from standing 
(standing-to-lying). 
Rolling -  sow rolls body from left/right side 
to belly or vice versa.  
Sitting - sow is lying down from sitting 
position (sitting-to-lying). 

Use of any support Sow touches any support (wall, slope wall, 
door) during the lying down.  

Touch of slope wall Sow touches the slope wall during lying 
down.  

Lying down in the middle of the pen Sow lies down in the central part of the pen. 
Sow location SW – sow is lying close to the slope wall. 

M – sow is lying in the middle of the pen. 
W – sow is lying close to the wall on the 
opposite side of the slope wall. 
D – sow is lying close to the door - opposite 
of the feeder. 
NA – sow is lying in front of the nest area. 

Side R – lying on the right side. 
L – lying on the left side. 
M – lying on the belly; the udder is hidden. 

Nose directed to the nest area Sow’s head is pointing to the nest area. 
Sow’s proximity to the nest area Sow lies down in front of the nest area / in 

the middle of the pen with nose directed to 
the nest area / near wall with nose directed 
to the nest area. 

Nursing after lying down Sow performs nursing behaviour within 
first two minutes after lying down. 
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                                A                                                                  B 

 
                               C                                                                    D 

 
                                E 

 
Pictures 9 - 13 Sow’s locations in the pen: A) slope wall; B) wall; C) nest area; D) middle; 
E) door (Simanová 2023). 
 
                               A                                                                      B 

 
Pictures 14 & 15 Different starting positions before lying down: A) standing; B) sitting 
(Simanová V. 2023). 
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4.5.3 Information about piglet trapping event 

Table 3 Information about piglet trapping events. 

Variable Definition 
Trapping during lying down A piglet is trapped under the sow while she 

is lying down. 
Piglet’s vocalisation after trapping A piglet vocalises/screams when being 

trapped under the sow. 
Localisation of trapping Front - a piglet is trapped under the sow’s 

anterior part of the body. 
Back - a piglet is trapped under the sow’s 
posterior part of the body. 

Sow’s response The way in which sow responds to a piglet 
trapping event. 
Stand - sow stands up or sits down. 
Turn - sow turns her head. 
No - no reaction. 

Duration of sow’s response (s) Time after which the sow responds to a 
piglet trapping event. Measured from the 
beginning of a trapping event until the sow 
responds. 

Number of trapped piglets How many piglets were trapped under the 
sow during the performance of a postural 
change. 

Specific number of the trapped piglet Piglet’s number marked on its back and on 
an ear tag. 

Death of piglets Death of piglet/s because of a trapping 
event. 

 

4.5.4 Information about piglet location 

Table 4 Information about piglet location in the pen during sow’s postural change. 

Variable Definition 
Number of piglets in the danger zone Danger zone = area around the sow (except 

for the head) that equals the length of a 
piglet’s body; piglets which are hidden 
behind the slope wall are not counted - not 
in danger. 

Piglets in the pen Number of piglets present in the open space 
of the pen. 

Piglets in cluster The whole litter in one cluster (in the 
proximity of one piglet’s body length). 
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4.5.5 Statistical analysis 

     All data were analysed using SAS (SAS Institute Inc., Cary, NC, version 9.4). A linear 
mixed model (PROC MIXED) and generalised mixed model (PROC GLIMMIX) were used 
for the statistical analysis. The dependant variables were as follows: the number of postural 
changes, the number of piglet trapping events, the use of the slope wall, the use of some 
support, lying down in proximity to the nest area and the piglet weight at day 25 post-partum.  
     Least square means were computed for each level, their difference was tested using t test 
adjusted through Tukey-Kramer method.    
     Results were considered as statistically significant at P£ 0.05. 
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5 Results 
     In this experiment, a total of one thousand two hundred and seventy-seven postural 
changes (standing up, standing-to-lying, sitting-to-lying, rolling) were observed and 
analysed 24 h after crate opening: 743 in temporary crating and 534 in permanent crating. 

5.1 Postural changes 

5.1.1 Postural changes after crate opening 

     H1a: Sows in temporary crating perform more postural changes after crate opening 
than permanently crated sows. 
     In both housing systems 24 h after crate opening, we analysed the sum of 905 postural 
changes that might cause piglet trapping events and consist of standing-to-lying, sitting-to-
lying, and rolling behaviour.  
     The housing system had a significant effect on the number of sows’ postural changes 24 
h after crate opening (F1,15 = 5.60; P= 0.0318), with temporarily crated sows performing 
significantly more postural changes (Tukey-Kramer test, t= -2.37; P= 0.0318) compared to 
permanently crated sows (Fig. 3). Temporarily crated sows performed altogether 1. 56 times 
more postural changes 24 h after crate opening than permanently crated sows. 
     The parity significantly affected the number of postural changes (F1,15= 16.95; P= 
0.0009). Sows with higher parity had less postural changes. The effect of the litter size was 
not significant (F1,15= 0.43; NS). 
 
Fig. 3 A comparison between the number of postural changes in permanently and 
temporarily crated sows 24 h after crate opening. Least-square means ± SE, *P< 0.05. 

 
 
     The housing system significantly affected the number of rolling (F1,15 = 21.59; P= 0.0003) 
as well as the number of standing-to-lying (F1,15 = 6.09; P= 0.0261) with temporarily crated 
sows performing more rolling (Tukey-Kramer test, t= -4.65; P= 0.0003) and standing-to-
lying (Tukey-Kramer test, t= -2.47; P= 0.0261) than permanently crated sows. Sitting-to-
lying was not affected by the housing system (F1,6.92 = 1.27; P= NS) (Fig. 4). 
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     The parity had a significant effect on the number of rolling (F1,15 = 21.62; P= 0.0003) and 
the number of standing-to-lying (F1,15 = 6.39; P= 0.0232). Sows with higher parity performed 
rolling and standing-to-lying less often. Sitting-to-lying was not significantly affected by the 
parity (F1,14 = 3.99; P= NS). 
    The litter size significantly affected the number of standing-to-lying (F1,15 = 7.16; P= 
0.0173). Sows with bigger litters lied down more often. The rolling (F1,15 = 0.66; P= NS) 
and sitting-to-lying (F1,8.31 = 0.25; P= 0.6299) was not significantly affected by the litter size. 
      
Fig. 4 A comparison between the number of specific postural changes between permanently 
and temporarily crated sows 24 h after crate opening. Least-square means ± SE, *P< 0.05; 
*** P< 0.001; NS – not significant. 

  
 
Table 5 Percentual increase or decrease in the number of postural changes 24 h after crate 
opening in temporarily crated sows compared to permanently crated sows. 
Housing system                                    Permanent crating   Temporary crating 

Phase 
 

24 h after crate 
opening 

 

24 h after crate 
opening 

 

 
Increase / decrease of 

postural changes 
(%) Type of event Postural changes 

(n) 
Postural changes 

(n) 
Standing-to-lying 68 101 ­ 48.53% 

Sitting-to-lying 120 91 ¯ 24.17% 

Rolling 165 360 ­ 118.18% 

Sum of postural 
changes 

353 552 ­ 56.37% 
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5.1.2 Reasons for standing up 

     A total of 377 standing up behaviours were seen in both permanently and temporarily 
crated sows 24 h after crate opening.  
 
Fig. 5 A comparison between the number of standing up in permanently and temporarily 
crated sows 24 h after crate opening. NS – not significant. 

 
 
     The number of standing up because of the background noise out of the pen was 
significantly affected by the parity (F1,15 = 5.57; P= 0.0323). Sows with higher parity stood 
up because of the background noise out of the pen less often. The housing system (F1,15 = 
0.19; P= NS) (Fig. 6) and the litter size (F1,15 = 0.25; P= NS) had no significant effect on the 
number of standing of because of the noise out of the pen.  
     No significant effect of the housing system (F1,15 = 3.70; P= NS) (Fig. 6), the litter size 
(F1,15 = 1.60; P= NS) or the parity (F1,15 = 0.57; P= NS) was found on the number of standing 
up because of the piglet noise. 
 
Fig. 6 A comparison between the number of standing up caused by different reasons in 
permanently and temporarily crated sows 24 h after crate opening. NS – not significant. 
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Table 6 Percentual increase or decrease in the number of standing up behaviour 24 h after 
crate opening in temporarily crated sows compared to permanently crated sows. 
Housing system Permanent crating Temporary crating 

Phase 24 h after crate 
opening 

24 h after crate 
opening 

Increase / 
decrease 

(%) Type of event Standing up 
(n) 

Standing up 
(n) 

Background 
noise out of the 
pen 

39 50 ­ 28.21% 

Piglet noise in 
the pen 

82 46 ¯ 43.90% 

Unknown 
reason 

65 95 ­ 46.15% 

Sum of 
standing up 

186 191 ­ 2.69% 

 

5.2 Piglet trapping events 

H1b: Higher number of postural changes in temporary crating after crate opening 
might cause more piglet trapping events. 
     Out of 905 high-risk postural changes (standing-to-lying, sitting-to-lying, rolling) both in 
permanently and temporarily crated sows, a total of 5 trapping events of 6 trapped piglets 
were observed 24 h after crate opening (Table 7).      
  
Table 7 Summary of trapping events. 

Housing 
system 

Phase Number of 
trapping events 

Number of 
trapped piglets 

Fatal 
trapping 

Permanent 
crating 

24 h after 
crate opening 

1 1 0 

Temporary 
crating 

24 h after 
crate opening 

4 5 0 

      
     The number of postural changes had no significant effect on the number of trapping 
events (F1,4= 2.07; NS).  The effect of the housing system (F1,4= 0.42; NS), parity (F1,4= 0.45; 
NS) and the litter size (F1,4= 0.31; NS) was also not significant. 
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H2: Sow’s reaction to piglet vocalisation will be faster in temporary crating after crate 
opening thanks to better mobility in the pen area. 
     In our experiment, out of 905 high-risk postural changes (standing-to-lying, sitting-to-
lying, rolling) both in permanently and temporarily crated sows 24 h after crate opening, 
only 1 trapping event accompanied by piglet vocalisation with a subsequent sow response 
was observed in temporarily crated sows and no such event was seen in permanently crated 
sows (Table 8). 
 
Table 8 Summary of trapping events accompanied by piglet vocalisation with subsequent 
sow response. 
Housing 
system 

Number of 
trapped piglets 

Piglet 
vocalisation 

Sow 
response 

Sow reaction 
time (s) 

Fatal 
trapping 

PC 1 - - - No 
TC 1   4 No 
TC 1  - - No 
TC 2  - - No 
TC 1  - - No 

 

5.3 Sow lie-down strategy 

5.3.1 The use of the slope wall during lying down 

H3a: Temporarily crated sows use the slope wall less often during lying down 24 hours 
after crate opening than permanently crated sows. 
     In both housing systems 24 h after crate opening, out of 380 lying down events (standing-
to-lying, sitting-to-lying) sows used the slope wall in 193 cases (50.80%). 
     The use of the slope wall was significantly affected by the housing system (F1,15= 36.45; 
P<0.001), with permanently crated sows using the slope wall significantly more often than 
temporarily crated sows (Tukey-Kramer test, t= 6.04; P<0.001) (Fig. 7).  
     The litter size significantly affected the use of slope wall (F1,15= 12.85; P=0.0027). Sows 
with more piglets in their litter used the slope wall more often. 
     The effect of the parity was not significant (F1,15= 3.46; NS). 
 
Fig. 7 A comparison between the use of slope wall by sows in permanent and temporary 
crating. Least-square means ± SE, ***P< 0.001. 
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5.3.2 The use of other support during lying down 

H3b: The decrease in the use of slope wall in temporarily crated sows 24 hours after 
crate opening is compensated by the increased use of other pen support during lying 
down. 
     The use of other support while lying down in temporarily crated sows 24 h after crate 
opening significantly affected the use of the slope wall (F1,8= 7.61; P=0.0247). With the 
increased use of other pen support (42.18%), the use of the slope wall decreased (29.16%) 
(Fig. 8). 
 
Fig. 8 The use of support by temporarily crated sows 24 h after crate opening. Least-square 
means ± SE, *P< 0.05. 

 
 

5.3.3 Proximity to the nest area 

H4:  Temporarily crated sows are after the crate opening more likely to lie down near 
the nest with a higher percentage of piglets in the nest. 
     The majority of the piglets (>50% of piglets in the litter) occupied the nest area during 
160 lying down events. In these situations, sows used other locations farther away from the 
nest area more often than those that were in proximity to the nest area (Fig. 9). 
     Higher percentage of piglets occupying the nest area had no significant effect on sows’ 
lying down closer to the nest area (26.25%) (F1,183= 1.00; NS). 
     The parity had also no significant effect on sows’ lying down in proximity to the nest 
area (F1,183= 2.27; NS). 
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Fig. 9 Sows‘ lying down locations in the pen when majority of the piglets occupied the nest 

area. Least-square means ± SE, NS – not significant. 
 

 
 

5.4 Piglet weight gain and fatal trapping events 

5.4.1 Piglet weight gain 

     The results from piglet weight check on day 4 and day 25 did not differ between 
permanent and temporary crating (Fig. 10).  
     No significant effect of the housing system (F1,6.95= 2.40; NS), the litter size (F1,13.7= 3.28; 
NS) or the parity (F1,17.1= 2.48; NS) was found on the piglet weight at day 25. 
 
 Fig. 10 The average piglet weight. NS – not significant. 
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5.4.2 Fatal trapping events 

H5: The proportion of fatal trapping events in both housing systems will not 
significantly differ.  
     Out of 905 high-risk postural changes (standing-to-lying, sitting-to-lying, rolling) in both 
housing systems 24 h after crate opening, no fatal trapping events were observed.  
     During the time of video analysis, no other piglet mortality was observed. 
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5.5 Hypotheses assessment 

Hypothesis Assessment 
H1a: Sows in temporary crating perform 
more postural changes after crate opening 
than permanently crated sows. 
 

Hypothesis confirmed. 
There was a significant effect of the housing 
system on the number of postural changes. 
Temporarily crated sows performed 
altogether 1.56 times more postural changes 
24 h after crate opening than permanently 
crated sows.  

H1b: Higher number of postural changes in 
temporary crating after crate opening might 
cause more piglet trapping events. 
 

Hypothesis rejected. 
The number of postural changes had no 
significant effect on the number of trapping 
events.  

H2: Sow’s reaction to piglet vocalisation 
will be faster in temporary crating after 
crate opening thanks to better mobility in 
the pen area. 

Not analysed. 
A statistical analysis was not possible due 
to the low number of data collected during 
our observation. 

H3a: Temporarily crated sows use the slope 
wall less often during lying down 24 hours 
after crate opening than permanently crated 
sows. 
 

Hypothesis confirmed. 
The use of the slope wall was significantly 
affected by the housing system. Sows in 
temporary crating 24 h after crate opening 
used the slope wall 2.5 times less often than 
permanently crated sows. 

H3b: The decrease in the use of slope wall 
in temporarily crated sows 24 hours after 
crate opening is compensated by the 
increased use of other pen support during 
lying down. 
 

Hypothesis confirmed. 
With the increased use of other pen support, 
the use of the slope wall significantly 
decreased. 24 h after crate opening, 
temporarily crated sows used other support 
1.44 times more often than the slope wall.  

H4:  Temporarily crated sows are after crate 
opening more likely to lie down near the 
nest with a higher percentage of piglets in 
the nest. 
 

Hypothesis rejected. 
Higher percentage of piglets in the nest area 
had no significant effect on sow lying down 
in proximity to the nest area. When majority 
of the piglets occupied the nest area, sows 
used more often other pen locations farther 
away from the nest area (73.75%) than 
those in proximity to the nest area 
(26.25%). 

H5: The proportion of fatal trapping events 
in both housing systems will not 
significantly differ.  

Not analysed. 
No fatal trapping events were observed 
during our experiment.  
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6 Discussion 

6.1 Sows’ postural changes 

6.1.1 Postural changes after crate opening 

H1a: Sows in temporary crating perform more postural changes after crate opening 
than permanently crated sows. 
     This master’s thesis demonstrates that the housing system, specifically temporary crating 
has a significant effect on the increased number of postural changes performed by sows after 
crate opening at day 4 post-partum. In our experiment, there was a 56.37% increase in the 
number of postural changes in temporarily crated sows 24 h after crate opening compared to 
permanently crated sows. The increase in activity after crate opening in temporarily crated 
sows compared to permanently crated sows was seen in previous studies (Berensmann et al. 
2018; Goumon et al. 2018; King et al. 2019; Ceballos et al. 2020). However, it should be 
noted, that although in some studies (Goumon et al. 2018; King et al. 2019) similar postural 
changes like in our experiment were defined as activity, for example Ceballos et al. (2020) 
included behaviour such as eating, drinking, nursing, vacuum chewing etc. into their 
definition of activity, while for instance Berensman et al. (2018) using 3-axis accelerometer 
assessed activity only based on standing or non-standing position. It is therefore important 
to take these differences in methodology into consideration when comparing the exact 
results. 
    Importantly, Goumon et al. (2018) found only a short-term effect of crate opening on the 
increased sow activity and on day 25 post-partum, they observed similar activity levels in 
temporarily and permanently crated sows. Moreover, King et al. (2019) connected the 
increased activity after crate opening to the novelty effect because of its short occurrence 
during their observation, however, they observed only a short period in early lactation. Since 
in our experiment, only a short period during early lactation was observed as well, 
observation of the number of postural changes during the late lactation period in the future 
would help clarify, whether the crate opening has only a short-term effect on the increased 
number of postural changes and it could be related to the novelty effect and the need for 
exploration, or whether it has a long-term effect and sows would be more active during the 
whole period of lactation.   
     In our experiment, the most dominant increase (+118.18%) was seen in rolling behaviour, 
which corresponds with previous findings (Bradshaw & Broom 1999; Hales et al. 2016; 
Goumon et al. 2018). It has been suggested (Valros et al. 2003) that higher number of 
postural changes may be a coping mechanism used by sows to prevent piglets from 
stimulating the udder, since besides lying on the udder, it is the only way the sow can control 
udder stimulation when housed in a pen or a crate. Moreover, Hales et al. (2016) mentioned 
a possible explanation for the increase in the rolling behaviour in loose housed sows, and 
according to them, increased rolling might be related to the termination of nursing. However, 
when comparing temporary and permanent crating, Illmann et al. (2019) saw neither short-
term nor long-term effect of the housing system on the proportion of nursings terminated by 
sows performed by rolling, sitting, or standing up. Therefore, more research is required to 
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come up with a conclusive explanation of the increase in the rolling behaviour seen in our 
results as well as in the results of previous studies.    

6.1.2 Reasons for standing up 

Our results show an insignificant increase in the overall standing up behaviour in 
temporarily crated sows in comparison to sows housed permanently. Looking at the specific 
reasons for standing up, our results suggest that the increase in the standing up because of 
the background noise out of the pen (+ 28.21%) and the unknown factors (+ 46.15%) in 
temporarily crated sows compared to permanently crated sows might be connected to the 
increased motivated or explorative behaviour. Sows with a higher parity number stood up 
less often because of the background noise out of the pen, which could be explained by a 
higher level of habituation to the noises in the environment of pig husbandry. Another 
possible explanation of the decrease in standing up in older multiparous sows could be 
connected to the fact, that these sows are often heavier than younger primiparas, thus they 
may have difficulties to stand up. 

 When sows stood up because of the unknown reasons, this was in many cases 
followed by the pen exploration. Although we did not focus on explorative behaviour in our 
experiment, we think that there are parallels between our results and results of Chidgey et 
al. (2016), Loftus et al. (2020) and Ceballos et al. (2020) who observed an increase in the 
explorative behaviour after crate opening and defined it mostly as pen directed behaviour 
such as sniffing, rooting or digging in the pen. Similar behaviour was seen also during our 
observation, however, as stated before, more specific results of the behaviour manifested 
subsequently after standing up would be needed to confidently connect our observation of 
standing up behaviour to the explorative or motivated behaviour. Moreover, as mentioned 
before, it would be beneficial to also observe the period during late lactation in the future, 
which would provide more information and which might help with the clarification of 
whether there is a connection between standing up, the explorative behaviour and the novelty 
effect. 

 
Interestingly, in comparison to permanently crated sows, there was a decrease in the 

number of standing up behaviour caused by piglets (- 43.90%) observed in temporarily 
crated sows. The decrease in the number of standing up behaviour caused by piglets could 
be connected to the increased number of rolling mentioned above. Since rolling requires less 
energy than standing up and helps to prevent the stimulation of sow’s udder by piglets in the 
same way, there is a possibility, that when housed in a pen, sows prefer rolling behaviour 
over standing up behaviour in those situations. Moreover, we also suggest that crate opening 
could have a calming effect on sows in connection to patience during post-ejection massage 
and during piglet fights at the udder, maybe thanks to the possibility of using larger space 
and finding more comfortable lying positions and therefore performing less standing up 
behaviour.  
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6.2 Sow responsiveness to piglet vocalisation 

H2: Sow’s reaction to piglet vocalisation will be faster in temporary crating after crate 
opening thanks to better mobility in the pen area. 
     In our experiment, only one trapping event in a temporarily crated sow 24 h after crate 
opening accompanied by piglet vocalisation with a subsequent sow response was observed, 
thus, we were not able to compare the responsiveness between temporarily and permanently 
crated sows.  
   Interestingly, three trapping events that were accompanied by piglet vocalisation received 
no response from the sow. This observation differs from the observation of Chaloupková et 
al. (2008), in whose experiment sows responded to piglet vocalisation in 80% of the trapping 
events. While in their experiment, all sows were in their second parity, the parity of sows 
used in our experiment varied between 0 and 4. Sows with higher parity number tend to be 
heavier, and therefore we might hypothesise that higher body weight of multiparous sows in 
our experiment might have affected their mobility and with that their responsiveness toward 
piglet crush calls. 
 
     The effect of the housing system on sow responsiveness was previously studied by 
Melišová et al. (2014). Comparing permanent and temporary crating on day 3 post-partum, 
they (Melišová et al. 2014) saw no effect of the housing system on sows’ reaction toward 
real crush calls but similarly to Singh et al. (2017) they saw greater reaction of temporarily 
crated sows to playback crush calls. However, in loosely housed sows, the responsiveness 
toward playback piglet vocalisation was lower compared to the real crush calls 
(Chaloupková et al. 2008). Moreover, decrease in the sow responsiveness from 12 h (50%) 
to 24 h (25%) post-partum was observed (Chaloupková et al. 2008).  
     This variability in results might have been caused by different acoustical structure of the 
crush calls audio recordings, since as seen in Illmann et al. (2013) the age as well as the 
weight of the piglets affects the intensity of the vocalisation and moreover, there is also a 
difference in the acoustical structure of the vocalisation between restrained and trapped 
piglets (Chapel et al. 2018). These factors as well as the time of the observation could have 
caused the inconsistency of the results in the mentioned papers, therefore we suggest, that to 
clarify this aspect of sows’ maternal behaviour, the methodology in future experiments 
should be more uniform. 

6.3 Sow lie-down strategy 

6.3.1 Use of the slope wall and other support 

H3a: Temporarily crated sows use the slope wall less often during lying down 24 hours 
after crate opening than permanently crated sows. 
H3b: The decrease in the use of slope wall in temporarily crated sows 24 hours after 
crate opening is compensated by the increased use of other pen support during lying 
down. 



 

39 

      Our experiment showed that the housing system had a significant effect on the use of the 
slope wall 24 h after crate opening. During this period, temporarily crated sows used the 
slope wall less often than permanently crated sows. However, the litter size significantly 
affected sows’ behaviour and sows with bigger litters used the slope wall more often. This 
effect of the litter size on sows’ behaviour might decrease the risk of trapping events in 
hyperprolific sows. Moreover, our results showed that the lower frequency of the slope wall 
use (29.16%) 24 h after crate opening in temporarily crated sows was compensated by an 
increase in the use of other pen support (42.18%) which might prevent many piglet trapping 
events. These results also show that temporarily crated sows in our experiment preferred the 
rails over the slope wall while lying down 24 h after crate opening which is contradictory to 
Damm et al. (2006) who saw higher preference of the slope wall or a plain wall over rails. 
However, this support preference could have been influenced by the fact, that they (Damm 
et al. 2006) observed sows in their last trimester of gestation and not during the early post-
partum lactation period as in our experiment. 
     Altogether, temporarily crated sows 24 h after crate opening in our experiment used some 
support (slope wall or rails) while lying down in » 70% of lying down events. These results 
are similar to the findings of Illmann et al. (2021), who observed 85% use of some support 
24 h after crate opening in temporarily crated sows.  
     Undoubtedly, sows prefer some sort of support while lying down during the early 
lactation period. However, further research is required to create a pen design that would be 
frequently used and preferred by the sow during lying down and which, while keeping 
welfare in mind, would create a safe environment for piglets as well. 

6.3.2 Proximity to the nest area 

H4:  Temporarily crated sows are after crate opening more likely to lie down near the 
nest with a higher percentage of piglets in the nest. 
     Enabling sows to move freely in the pen after crate opening allows them to choose the 
most ideal lying down spot. Moreover, they are allowed to interact more with their piglets, 
which may lead to improvement in mother-piglet bond, their welfare and piglet development 
(Jensen 1988). We predicted that after crate opening, sows will more likely utilise the pen 
area closer to the nest area and lie down with their nose directed to the nest area once it is 
occupied by the majority of the piglets in the litter. This need for closeness to piglets was 
seen in Illmann et al. (2021), however, during our experiment, sows tended to lie down 
farther away from the nest area, even though it was occupied by a greater number of piglets. 
We could hypothesise that this behaviour could have been affected by the behaviour of 
piglets in the pen area, who, for example, by performing play or fight behaviour blocked 
sow’s access to lying down spots near the nest area, or another explanation could be that 
even a small number of piglets present in the pen area satisfied sow’s need for closeness with 
her litter as well as mother-piglet interactions. Knowing whether sows prefer lying down in 
proximity to their litter would be beneficial for the pen design adjustments, therefore, more 
research is required. 
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6.4 Piglet weight gain and trapping events 

6.4.1 Piglet weight gain 

     Low piglet body weight at weaning and altogether low piglet weight gain are one of the 
main reasons why farmers are hesitant to use temporary crating over conventional farrowing 
crates. In our experiment, the housing system had no significant effect on the average piglet 
weight at day 25 post-partum. 
      Similar to the results of our experiment, there are studies (Salaün et al. 2004; Caille et 
al. 2010; Lambertz et al. 2015; Condous et al. 2016; Mack et al. 2017; Singh et al. 2017; 
Goumon et al. 2018; Höbel et al. 2018; Spindler et al. 2018; Lohmeier et al. 2019; Choi et 
al. 2020; Loftus et al. 2020) showing that temporary crating has no negative impact on piglet 
body weight at weaning compared to permanent crating. Moreover, other papers show that 
temporary crating can even improve piglet growth performance (Farmer et al. 2006; 
Oostindjer et al. 2010; Pedersen et al. 2011; Chidgey et al. 2015; Nowland et al. 2019; 
Kinane et al. 2021; Morgan et al. 2021) and result in higher body weight at weaning 
compared to piglets housed and reared with their mothers in permanent crating. Still, further 
research in this area is required to create strong and bulletproof arguments that would help 
persuade farmers into implementation of temporary crating in pig husbandry.       

6.4.2 Trapping events 

H1b: Higher number of postural changes in temporary crating after crate opening 
might cause more piglet trapping events. 
H5: The proportion of fatal trapping events in both housing systems will not 
significantly differ.  
     Farmers are mostly afraid of the increase in the number of the piglet trapping events after 
crate opening in temporarily crated sows which might be potentially fatal for the piglets. 
However, although we observed an increased number of postural changes 24 h after crate 
opening in temporarily crated sows (+ 56.37%), its effect on the number of trapping events 
was not significant (4 trapping events). Moreover, no significant effect of the housing system 
on the number of trapping events was found. These results are contradictory to the results 
seen in Melišová et al. (2014) who observed an increase in the number of postural changes 
in temporarily crated sows, and as a result an increase in the number of trapping events 
compared to permanently crated sows. However, they (Melišová et al. 2014) observed a 72 
h long period since the birth of the first piglet, whereas in our experiment, the third day post-
partum was the day of the beginning of our observation. Different results seen in our 
experiment compared to Melišová et al. (2014) suggest that if the sows are housed in a pen 
from day 4 post-partum onward, the increase in the number of postural changes does not 
pose a threat to the safety of piglets, and as a result it indicates that temporary crating might 
be a safe alternative housing system. 
     No fatal trapping events were observed during our experiment in permanently, as well as 
temporarily crated sows 24 h after crate opening. Many papers (Pedersen et al. 2011; 
Lambertz et al. 2015; Chidgey et al. 2016; Condous et al. 2016; Singh et al. 2017; Höbel et 
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al. 2018; Spindler et al. 2018; Lohmeier et al. 2019; Loftus et al. 2020; Choi et al. 2020; 
Kinane et al. 2021) showed no difference in piglet mortality between temporary and 
permanent crating system at the time of weaning. Since in our experiment, we focused only 
on a short period during early lactation and did not analyse overall piglet mortality at the 
time of the weaning, we believe that further research would be required for us to confidently 
support previously mentioned papers. However, even though the observed period in this 
experiment was short, we believe that these results are crucial for the discussion with farmers 
about the implementation of temporary crating into pig husbandry. 
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7 Conclusion 
     This diploma thesis demonstrates that temporary crating has a significant effect on the 
increased number of postural changes such as standing-to-lying, sitting-to-lying and rolling 
performed by sows after crate opening at day 4 post-partum. The observed increase in the 
number of postural changes, however, does not affect the number of piglet trapping events. 
Nevertheless, it is still questionable, whether crate opening has only a short-term effect on 
sows’ behaviour and should be therefore considered as the novelty effect or whether this 
increase in the number of postural changes 24 h after crate opening would be long lasting 
throughout the whole lactation period. 
     As predicted, temporarily crated sows utilised the slope wall less frequently than 
permanently crated sows once the crate was opened. We could, however, see, that sows still 
prefer some kind of support while lying down, and this emphasizes the persisting need for a 
pen design which would provide the safety for the piglets and satisfy sows’ needs while 
increasing their welfare. Moreover, we predicted that sows would try to increase their contact 
with piglets by utilising lying down locations in the pen that are in proximity to the nest area 
once it is occupied with the majority of the piglets. Although expected, this behaviour was 
not often observed. 
     In our experiment, the housing system had no significant effect on the piglet weight. 
Further research is required in this area because piglet weight gain is one of the key aspects 
about which the farmers are concerned.  
    No fatal trapping events were observed during our experiment. These results suggest that 
opening of a farrowing crate on day 4 post-partum and allowing sows free movement in a 
pen does not pose risk to piglets.  
    In conclusion, although opening of a hinged farrowing crate significantly affects the 
number of postural changes performed by sows in temporary crating, it does not threaten the 
safety of piglets. The increased number of postural changes in combination with the different 
frequency in the use of the slope wall or other support during lying down did not affect the 
number of piglet trapping events or fatal piglet trapping events. Therefore, we conclude that 
temporary crating could represent the future of pig husbandry, because it combines the 
requirements of farmers with the opportunity for sows to express their natural behaviour 
more freely and as a result improves their as well as their piglets’ welfare. 
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